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Preface 

This manual describes the operation of the IBM 3410/3411 Magnetic Tape 
Subsystem. It contains four sections covering the Tape Unit, the Tape Control, the 
microprocessor operation when the host system is a System/3, and microprocessor 
operation when the host system is a System/360/370. 

This manual assumes the reader is host· system trained. Previous tape subsystem 
trainin~ is helpful but not a prerequisite for using this manual. 

Machine specifications are subject to change at any time and without prior notice by 
IBM. This manual does not necessarily reflect these changes or represent any 
specific machine. For information at the engineering change level of a specific 
machine,. refer to the logic diagrams, microprogram listing, and the 3410/3411 
Integrated Maintenance Manual shipped with each machine. 

Second Edition (April 1973) 

This is a major revision of, and obsoletes, SY32-5028-O. Two new sections, "Microprogram 
System/370 Model 125" and "Microprogram Seven-Track," haVe been added. Other changes 
or additions to the text and illustrations are indicated by a vertical line. 

Specifications contained herein are subject to change from time to time and will be reported in 
revisions to this manual or in FE supplements. 

Requests for copies of IBM publications should be made to your IBM representative or to your 
local IBM branch office. 

I This manual was prepared by the IBM General Products Division, Half-Inch Tape Writing, 
Dept. 26T, P.O. Box 1900, Boulder, Colorado 80302. A form is provided at the bsck of this 
publication for the reader's comments. If the form has been removed, comments may be sent 
to the above address. 

© Copyright International Business Machines Corporation 1973 
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Previous Newsletters SN32 - 5035- 0 

This Technical Newsletter provides pages to be inserted and/or replaced in the subject publication. 
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Summary of Amendments 

Added material describes the System/3 Model 8 and Model 12 Magnetic Tape Attachment. 
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Abbreviations 

ABI attachment bus in EPa emergency power off PE Phase Encoded 
ABO attachment bus out EaT end of tape PET phase error track 
ac alternating current ERG erase gap command 
ALU arithmetic logical unit ERP error recovery procedure REW Rewind 
atthmnt attachment RIC read in counter 

FE field engineer ROC read out counter 
bkwd backward FF flip flop ROS read only storage 
BOB beginning of block fnd found RUN rewind unload 
BOT beginning of tape FSB forward space block R/W read/write 
bpi bits per inch FSF forward space file 
BPI bytes per inch fwd forward SKB skew buffer 
BSB backspace block SVI service in 
BSF backspace file IBG interblock gap SVO service out 

IC instruction counter 
CMO command out I/O input/ output TB, terminal board 
CPU central processing unit INTRa introduction TC tape control 
CRC cyclic redundancy check TI tape indicate 
CS cycle steal LP load point TIE track in error 
CU control unit lRC longitudinal redundancy check trk track 

LSR local storage register TU tape unit 
DBa data bus out LWR loop write to read 
dc direct current UC unit check 
DOS disk operating system MP microprocessor usec microsecond 
DSE data security erase MTE multi-track error 

ms millisecond vac volts alternating current 
VRC vertical redundancy check 

NRZI non-return to zero inverted 
ns nanosecond WTM write tape mark 

as operating system 
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Introduction To Magnetic Tape Subsystems 

A magnetic tape subsystem consists of a tape control 
and one or more tape units. Each tape unit can record 
(write) information on tape, or sense (read) information 
from tape. 

The tape control communicates with each of the tape 
units and with a data processing system. In operation, 
the tape control receives an instruction from the system, 
prepares a specific tape unit to execute the instruction, 
and passes information which is read from tape, or is to 
be written on tape, between the tape unit and the 
system. 

Magnetic Tape 

Magnetic tape is widely used as an input/output 
medium because it rapidly stores large amounts of 
information in compact, easily handled form. Since tape 
can be reread repeatedly without destroying the 
recorded data, the information stored on magnetic tape 
can be retained as a permanent record. Since old data' 
is erased automatically as new information is written on 
tape, magnetic tape can also be used as a temporary 
storage medium. 

Construction 

Magnetic tape consists of a flexible plastic strip coated 
with a thin layer of ferromagnetic material. The coating 
is a mixture of ferromagnetic particles and a binder 
solution. The binder is used only to hold the 
ferromagnetic particles to the plastic strip.' The particles 
are narrow and are oriented lengthwise on tape. they 
are held in position by the binder and do not move 
when the polarity of tape is changed. 

The oxide particles on tape are magnetized by applying 
an external magnetic source to the tape. The direCtion 
of the magnetic flux from the source determines the 
polarity in which the oxide particles are magnetized. An 
area of tape with all particles magnetized in one 
direction is considered polarized in that direction. 

Each section of magnetic tape polarized in one direction 
simulates a single bar magnet, with a south pole at one 
end and a north pole at the other. When a tape is 
polarized continuously in o~ direction, the entire tape 
forms a single bar magnet. If half the tape is polarized 
in one direction (north pole at the left) and half polarized 

in the other direction (north pole at the right). the tape 
has the form of two bar magnets, with the south pole 
for each in the center. If the direction of polarization 
changes often along the length of tape, the tape has the 
form of a series of shorter bar magnets. 

To write on tape, the direction of polarization of tape is 
changed by altering the direction of externally applied 
magnetic flux. When reading from tape, the change in 
polarization is detected. 

Writing 

The oxide on tape is polarized by passing the tape 
through magnetic flux generated by a write head. The 
direction of current flowing through the coil of the write 
head determines the direction of the flux through which 
the tape· p~sses. When current flow through a write coil 
changes direction, the direction in which tape is 
magnetized also changes. The points on tape where 
polarity changes represent the recorded data. 

Reading 

Reading from magnetic tape uses the principle that a 
voltage is induced in a coil whenever there is a change 
in the direction or number of flux lines crossing the 
turns of the coil. Reading is performed by moving 
recorded tape across a read head. 

As tape is moved across the read head, a point on tape 
is reached where the polarization of the oxide changes. 
At this point, the flux crossing the turns of the read 
head coil changes from maximum in one direction, to 
maximum in the other direction. This change in flux 
direction induces a pulse in the read coil. The direction 
of current in the coil is determined by the direction of 
polarity change on tape. 

Bit 

A bit is the smallest unit of information stored on 
magnetic tape. In the binary system, a bit represents 
one of two states: on and off, or active and inactive. 
The logical 1 and 0 are terms used to represent the 
binary on and off states; the 1 indicates on, the 0 
indicates off. 

A bit is stored on magnetic tape by changing the 
direction of polarization of the tape oxide. In the NRZI 

system of recording, only the one bits are stored on 
tape; a change in polarity at a given time represents a 1 
bit, and no change in polarity at a given time represents 
a 0 bit. In the phase encoded system of recording, both 
1 and 0 bits are stored on tape. The direction of polarity 
change determines whether the bit is a 1 or O. 

Erasing 

Tape is erased by magnetizing it continuously in one 
direction. When polarity of tape does not change for a 
period of time, no bits are recorded; it is erased. 
Although old information is destroyed automatically as 
new information is written, physical differences among 
the read/write heads on different tape units may cause 
interchangeability problems when tape is written on one 
tape unit and then rewritten on another unit. An erase 
head applies a strong magnetic field to erase the entire 
width of tape during a write operation, to reduce 
interchangeability problems, and to reduce the possibility 
of leaving extraneous bits between data blocks on tape. 

The erase head is located just below the read/write 
head in the tape path. When tape is moving forward in 
write status, it passes over the erase head before it 
crosses the write head, and flux lines pass through the 
tape and saturate the oxide to magnetic zero before new 
bits of information are written. 

Tracks 

Bits of information are written on tape in parallel rows 
call~ tracks. One read coil and one write coil are 
pro:itided for each track. Although the read and write 
coris for all tracks are located in the same physical unit 
(read/write head), the coils for each track are 
independent of all other tracks. There are nine (seven) 
tracks across the tape, allowing nine (seven) bits of 
information to be written or read simultaneously. 

Byte 

The bits present in all nine (seven) tracks at anyone time 
comprise a byte of information. One byte consists of 
eight data bits and one parity bit which were recorded 
on tape at the same time. The eight data bits of a byte 
may represent a letter, number, symbol, or special 
character. The ninth, or parity (P) bit is used for error 
checking. 

( ',' 
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The P position of a byte can contain a 1 or 0, depending 
on the number of 1's in the rest of the byte. For parity 
checking, the tape control uses odd parity; thus, the 
total number of 1 's in a byte, including the P bLt, should 
be odd. If'the data portion of a byte contains an odd 
number of l' s, the P bit should contain a O. If the data 
portion of a byte contains an even number of 1's, the P 
position should contain a " to make the total odd. If a 
byte with an even number of "s is detected, an error is 
indicated. 

Recording Area 

Magnetic tape is available in a variety of lengths. On 
any reel of tape, all but a small length at each end may 
be used for recordiRg. The recording area of tape, is 
physically identified at each end by reflective markers 
adhered to the back of tape. 

The markers are sensed by a system of lamps and 
photocells which signal the tape unit when the 
beginning or end of the recording area is reached. The 
markers are small strips of transparent plastic with a 
thin film of aluminum on one side. Pressure sensitive 
adhesive covers the aluminum film. The markers are 
applied to the base (uncoated) side of tape. New reels 
of magnetic tape have the markers in position. The load 
point marker is mounted on the plastic surface of tape 
about 15 feet from the physical beginning of tape. The 
marker is placed parallel to and about 1/32 inch from 
the front edge of tape. Sensing this marker identifies 
load point, where reading or writing should begin. 

The end-of-tape marker is mounted on the plastic 
surface of tape about 25 feet from the physical end of 
tape. The marker is placed parallel to and about 1/32 
inch from the rear edge of tape. Sensing this marker 
signals that the physical, end of tape is near, and that 
writing should stop after the block being written. 

Vacuum Columns 

Two vacuum columns provide buffer storage areas for 
tape. A loop of tape is retained in each of these 
columns. As tape movement causes tape to be. 
withdrawn from a column, the tape is replenishtd by the 
corresponding tape reel. As tape is placed ina column 
by tape movement, a tape reel withdraws the excess. 
This buffering action allows the tape reels to operate 
independently. ' 
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Besides acting as buffer storage a~ea"s for tape, vacuum 
columns use atmospheric pressure to exert gentle, 
uniform tension on tape while it is passing over the 
read/write head. This tension k,eeps tape in contact 
with the read and write heads and prevents buckling or 
stretching while starting or stop'ping tape. 

Vacuum columns are rectangular in cross-section; their 
tops are open to receive a loop of tape, while a 
manifold at the bottom is connected to a vacuum pump. 
A loop of tape hangs in each column. The vacuum 
pump maintains vacuum below each tape loop, and 
atmospheric pressure presses tape downward and 
against the sides of the column. It is the tension caused 
by downward atmospheric pressure that !:Iolds tape in 
contact with the read and write head surfaces. 

When tape is moving, the position of the tape loop in 
each vacuum column is sensed by sensing units 
attached to the columns. These sensing units control 
the starting and, stopping of the tape reels as needed to 
maintain a constant supply of tape in each vacuum 
column. 

Tape Guiding 

To maintain interchangeability of tape reels, the 
alignment of the tape path must be closely controlled 
among different tape units. Tape guides establish the 
tape ,path through the tape transport. One edge of tape 
is the reference edge, and all tape units use this edge 
for guiding. On,a 3410/3411 tape unit, this is the front 
edge, which is held in continual contact with a fixed 
reference flange on each of the tape guides in the 
transport. Since tape width varies slightly, the lower 
flange of a tape guide is spring loaded. The spring 
action exerts a light, though constant, pressure on the 
lower edge of tape. This pressure causes the reference 
edge of tape to remain in constant contact with the 
reference flange regardless of tape width. 

Skew 

Skew is the misalignment of bits within a byte, and can 
occur during the reading or writing process. 

Ideally, all bii of a byte should be perfectly aligned 
during a writ, operation and should be detected (read) 
at the same i stant as the byte passes over the read 
head during a~u, bsequent read operation. Unfortunately, 
this ideal con 'tion is difficult to achieve because of 
write and read ead manufacturing tolerances, small 
differences in head assembly mounting between tape 
units, and slight variations in circuit delay 'between 
tracks. These factors are further aggravated if tape 
swerves slightly as it passes over the heads during 
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either the write operation or any subsequent read 
operation. 

In the misalignme!"t of bits within, a byte, skew means a 
slanting or staggering of bits relative to the edge of 
tape. If skew is excessive, bits of adjacent bytes might 
mix and cause read errors. 

Skew is either mechanical or electrical. Mechanical 
skew is usually caused by misalignment of the 
read/write head on the tape unit. Electrical skew is 
caused by head manufacturing tolerances or 
track-to-track circuit differences. 

No Mechanical Electrical Combined 
Skew Skew Skew Skew 
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The example shows exaggerated write skew. It is write 
skew because the bytes are actually written on tape 
with the bits misaligned. However, bits written on tape 
in perfect alignment can be skewed during the read 
operation. Read heads and/or read circuits can cause 
the bits to be misaligned electrically; that is, some bits 
delayed longer than others. 

Mechanical skew is corrected by physical alignment of 
the read/write head assembly. Electrical skew cannot 
be corrected since it is "built in" the heads and circuits. 
Two means of compensation for electrical skew are 
provided; one is used for each of the recording modes. 
Special buffer registers, capable of compensating for 
large amounts of skew, are used in Phase Encoded 
mode. In NRZI mode, adjustable single-shots allow all 
tracks to be electrically aligned. 

Master Skew Tape 

A master skew tape is a fielc;l tool for adjusting skew. It 
is manufactured to extremely rigid specifications since it 
is a standard used to· obtain optimum tape unit 
performance. Master skew tapes have a density of 800 
flux changes per inch and are written with one solid bit 
across the width of tape at each flux change. These 
tapes are written at the factory on a 'special tape unit 
designed to produce tape with a minimum of skew. 

The master skew tape is used to adjust mechanical 
skew, then electrical skew while reading in both a 
forward and backward direction. With read electrical 
skew aligned in this manner, a normat tape is writt~n 
and electrical skew is adjusted while writing. Read skew 
must be adjusted prior to measuring write skew since 
the read circuits are used in adjusting write skew . 
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Common Terminology 

Feedthrough: A form of noise appearing on the read 
signal (during a write operation) whenever a write circuit 
switches polarity. Feedthrough is caused by some of 
the flux lines generated by the write head crossing the 
read head coils. If not eliminated through shielding, or 
cancellation, feedthrough can cause errors in a write 
operation although the written data is correct. 

Crosstalk: The unwanted transfer of energy from one 
track to another during a read or write operation. 
Crosstalk is caused by coupling of the read signal 
between tracks. Components in the read/write head, 
and cables throughout the subsystem are shielded to 
hold crosstalk to a minimum. 

Read Signal: The voltage induced in a read coil as a 
polarity change on tape passes. This voltage is 
amplified and shaped by read circuits, and passed to the 
tape control as information read from tape. 

Write Signal: The signal applied to the write coil to 
cause a polarity change to be written on tape as it 
passes. 

File Protect: A method of preventing the inadvertent 
destruction of data on magnetic tape. Removal of a 
write-enable'ring found in the back of the tape reel 
protects that reel from accidental rewrite. A tape reel 
with the write-enable ring removed is file protected. A 
write-enable ring must be inserted in any re~1 before 
writing on that reel can take place. 

Tape Cleaner: A device in the tape path of most tape 
units to remove loose particles of dust or oxide as the 
tape passes. If not removed, these particles can cause 
head-to-tape separation at the read/write head, 
resulting in a greatly reduced read signal amplitude and 
errors. 

The tape cleaner is positioned so that tape moving 
forward passes the cleaner before reaching the surface 
of the read/write head. 

Error Recovery Procedure (ERP): A routine in the 
system program which is entered whenever a read or 
write error occurs. An ERP contains a sequence of 
instructions designed to recover from an error condition 
without major interruption of the customer's job. 

There are separate ERP routines for each type of error, 
and each involves a predetermined number of retries of 
the failing operation. If recovery is successful (the '" 
operation is performed without error on one of the 
retries), the error is classified as temporary, and the 
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customer job continues. If recovery is unsuccessful. the 
error is classified as permanent. 

Write Skip: A procedure commonly used in write 
error ERP·s. The tape unit is instructed to backspace 
over the block on which the write error occurred. All 
Erase Record Gap (ERG) instruction then causes 3.75 
inches of tape to be erased. The block is again written. 
The write skip is intended to skip over a defective area 
of tape should it be the cause of the write error. 

o 

File Reel: The tape reel which is mounted and 
dismounted on the tape unit. The tape is normally 
resident on this reel and leaves only when a forward 
operation is in progress on the tape unit. 

Machine Reel: The tape reel which remains on the 
tape unit at all times. This reel receives tape transferred 
from the file reel during a forward operation. 

Loaded/ Unloaded: Separate states of the transport 
portion of the tape unit. When a tape unit is loaded, 
tape is in the vacuum columns and the tape reels are 
under automatic control of the tape unit. When a tape 
unit is unloaded, tape is out of the columns and the 
reels must be manually operated. 

Rewind: The process of returning tape to the file reel 
foilowing' a forward operation. A rewind can be initiated 
manually, using a pushbutton on the tape unit, or under 
program control. Since data is not recorded nor read, 
rewind normally occurs at a tape speed much higher 
than normal. 
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Data Format 

11 A block is a group of data bytes separated from other 
groups of bytes. The amount of data in one block (the 
number of bytes) is variable, and is determined by the 
system before the data is sent to the tape control. 

III The block sent to the tape unit for recording in phase 
encoded mode has a burst of bytes added to each end 
by the tape control. The added bursts are nE~~essary for 
the tape control to synchronize the read detection 
circuits when reading tape in either direction,1 
(forward/backward). The block recorded by t~e tape 
unit contains: 40 bytes of all zeros (including ,parity bit), 
1 byte of all ones (including parity bit), the da~a bytes 
received from the system, 1 byte of all ones, • nd 40 . 
bytes of all zeros. When transferring data fro· the tape 
unit to the channel. the tape control discards t e added 
bursts. ' 

A tape that contains phase encoded data is id, ntified by 
a recorded burst at the load point marker. Thi$ is the 
phase encoding identification burst. and cons is : s of 
1600 flux changes per inch recorded in the P ~ ack, 
while all other tracks are erased. The burst be' ins 
before, and extends beyond the load point mat er. 

II No beginning or ending burst is used when re~ rding 
data in NRZI mode. The NRZI block recorded: n tape 
has two check characters added at the end. T ese 
check characters are discarded by the tape co! trol 
during a read operation. ! 

Data 

INTRO ~ 

i 

TAPE i 
CONTR~ 

I 
I Beginning I 

Burst 

I 

c c ( 

A tape that contains NRZI data is identified by the 
absense of a phase encoding identification \ burst. 
Ins~ead, the first 6 inches of an NRZI tape are erased, 
beginning before, and ending after the load point 
marker. This erased area at the beginning of tape is the 
load point delay, and causes actual recorded data to 
begin away from the load point marker, where tape 
damage is most likely to occur. 

Check Characters 

In NRZI mode, the two check characters written at the 
end of each block are the Cyclic Redundancy Check 
(CRC) character, and the Longitudinal Redundancy 
Check (LRC) character. 

II The CRC character is developed in the tape control 
during each NRZI write operation and represents an 
accumulation of all bits in the block. The CRC character 
is written on tape four byte spaces after the last data 
byte, and is used for single-track read error correction. 

• The second, or LRC, check character is an odd/even 
parity count of all the bits in each track of a block. The 
total/number of 1's in any track of a block is made an 
even number by placing a 1 or 0 in the LRC position for 
that track. The LRC character is written four byte 
spaces after the CRC character, or a total of eight byte 
spaces from the last data byte. 

TAPE UNIT 

1 All-Ones Byte 

+ 
40 

Data All-Zero Phase Encoded 
Bytes 

I Ending I Burst 

Data III NRZI 

t + .. LRC Byte 

CRCBytem 
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Inter-Block Gap (lBG) Data Blocks (Vary in Length with Amount of Data) 

~ ~a.~, or blank area of erased tape, is used to separate + +' t J 
indiVidual blocks on tape. The nominal length of the IBG '''I:,,"';'~r---...,I''-'''.:';'''''''---'''''''''''';;''''''''''''---'''''''':'~'''''­
is 0.6 inches. The IBG length of 0.6 inches is standard ~ _ II • JII ~ 
for all 9-track tape units and is sufficient to allow tape ~, 
to come to a stop after the end of a block is sensed, ._"'_"""_"""'I110.._-:-_,(j_,,",~ ..... _-:-_.a:_""~~~iii:6_~_..t:i_~~a. __ J 
and upon restart, to reach full speed before the t t ' 
beginning of the next block is sensed. I 

Two delays, generated by the tape unit when writing, 
create the IBG and determine its length. These delays 
govern: 

The time between writing the last byte of a data 
block, and actually stopping tape. . 

The time between starting tape motion and writing 
the first byte of the next block. 

When the tape unit is ,in write status, moving tape over 
the write head without writing data causes that tape to 
be erased. Together, the two delays cause 0.6 inches of 
tape to be erased between data blocks. 

There are occasions when a customer job may require 
backspacing over a data block on tape, and writing a 
new block in its place. If, after the backspace, tape is 
not positioned at exactly the same point as before 
writing the original record, the new IBG length will be 
different. A tape unit which, in this type of operation, 
would shorten the I BG is said to have "backward 
creep." If the I BG is lengthened, the tape unit has 
"forward creep:' Since backward creep, and the 
resulting short IBG may cause errors on subsequent 
read operations, a tape subsystem is designed so that 
stopping tape moving backward is quicker than stopping 
tape moving forward, causing forward creep. 

File 

A file is a group of related blocks recorded on tape. 
Several files may be written on, a tape, and to allow the 
system to recognize the end of one file and the start of 
another, a special block, or tape mark, is written at the 
end of each file. 

Tape Mark Configuration 

In phase encoded mode, the tape mark is a burst 
containing zeros in tracks P, 0, 2, 5, 6, and 7 with 
tracks 1, 3, and 4 erased . 

In NRZI mode, the tape mark is two bytes, eight byte 
spaces apart, each containing ones in tracks 3, 6, and 7 
with zeros in all other tracks. 

Inter-block Gaps (lBG) -- 0.6 in.ches long 

Track Arrangement 

A byte consists of eight data bits and a parity bit. The 
bits are identified as P, 0,1,2, 3, 4, 5, 6, 7 and each is 
recorded in a separate track on tape. The tracks are 
arranged such that those most likely to contain one bits 
in NRZI mode are located in the middle of tape, and the 
least used tracks are on the outside edges where most 
tape defects occur. 

The nine tracks are divided into ,zones, or groups, of 
three tracks each. The tracks of a zone are non-adjacent 
(separated by two tracks from other zones). In phase 
encoded mode, the tape control uses the zone 
configuration to distinguish between the start of a data 
block, and noise which may be sensed between blocks. 
A read signal must be sensed in all tracks of at least 
one zone for data block recognition. 



Data Recording 

Phase Encoding And NRZI Recording Methods 

The phase encoded method of recording on tape uses 
the direction of flux change to distinguish between 
binary onQs and zeros. The NRZI method uses a flux 
change in either direction to represent a one and no flux 
change to represent a zero. 

Phase Encoded Write 

The time required to write a single binary bit is called a 
bit cell. The write clock in the tap~ control determines 
the tIming of a bit cell and controls the generation of 
flux reversals (reversals of magnetic polarity) on tape. 
During the write process. a flux reversal is created in the 
middle of each bit cell (bit shift time). If this reversal is 
plus-to-minus (negative). the bit is a zero; if 
minus-to-:plus (positive). a one. 

NRZI Write 

In NRZI recording. a flux reversal in either direction 
represents a binary one bit. If the bit to be written is a 
one. a flux reversal is created at data time. determined 
by a write clock in the tape control. If a zero is to be 
written. no flux reversal is . created at data time. 

Bit Pattern On Tape 1 0 0 

I I I t I 

I I I I I 

NRZI Write Waveform l I I I I 
I I 

I I I I 

I I I , I 
Data Time ~ IAI [i] IAI I!l 

0 1 

I I 

I I 
I I I 
I I 
I 

tAl [!] 

~ Each Transition Represents a Binary One 
When two consecutive one· bits are written. both 
requiring a positive reversal at bit shift time. an extra. 

I negative reversal must be written between the one bits. 
Also. when two consecl.(tive zero bits s're written 
(negative reversals). an extra positive reversal must be 
written between the zero bits. These extra flux reversals 
occur at bit cell boundary time and are not regarded as 
data. 

Bit Pattern On Tape 

Flux Reversals at Bit 
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Flux Reversals at Bit Cell 
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Bit Pattern On Tape 

Phase Encoded Data 

Degate 

C) C) .r---....., r " " \ Y ',,- .J .. 

Phase Encoded Read 

In phase encoded mode. each bit cell contains a flux 
reversal at bit shift time. If this reversal is positive. the 
bit is a one. If the reversal is negative. the bit is a zero. 

At the boundary between bit cells containing like bits 
(consecutive ones. consecutive zeros). an extra reversal 
occurs. I To prevent recognition of these extra reversals 
as data. the read detection circuits are degated for 
approximately 70% of the period between bit shift 
times. This degating begins with the sensing of a flux 
reversal and ends as a function of a predetermined 
time-out. 

o o o o 
I 
I 
I 
I ; I I. I. I I I 
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IBit Celli ~it Celli IBit Celli IBit Celli I 
I 1 lBit Celli 3 ~it Cel4 5 IBitCe1l1 7 Isit Celli 
'2 4 6 8 

NRZI Read 

In NRZI mode. all flux reversals sensed from tape are 
one bits; therefore. no disc~imination between positive 
and negative reversals is required. If a reversal in either 
direction is sensed. the bit is a one. If no reversal 
occurs. the bit is a zero. 
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Tape Problems 

One of the major factors affecting the quality of an operating system is the quality 
of the magnetic tape. During use, it is stretched, flexed, and rubbed, causing its 
oxide to crack, or to be eroded. Eroded particles of oxide, fingerprints, and dust 
contaminate its surface, multiplying erosion and breaking contact between the 
tape and the read/write station. Improper handling by the operator can also 
damage tape. 

There are some tapes that cause degradation of performance of the tape 
transport. These tapes are called inhibitor tapes. Such tapes will: (1) glaze or 
coat the capstan, (2) stick to the read/write head or cause other tapes·to stick, 
(3) generate particles and debris that cause read, write, or motion control failures. 

In order to trace the history of the tape, adequate records must be maintained. 
The primary objective of good housekeeping is the ability to quickly find the 
device or tape associated with a tape error. 

Write Errors 

The most common causes for write errors are tape lift, tape velocity, oxide voids, 
or a combination of all. Usually, tape lift is caused by physical distortion; that is, 
curvature, wavy or rippled edge, or cupped tape. There are many tape parameters 
which may cause these problems. Unfortunately, most are impossible to measure 
in the field. However, some common parameters which may be at fault are 
thickness, drag, and stiffness. These, and other tape characteristics, can cause a 
difference in performance between brands of tape. 

Tape velocity or motion problems due to actual tape media are relatively rare. 

Read Errors 

Some of the parameters causing tape write errors can also cause tape read 
errors. One major difference is that the tape, during a write operation, may have 
experienced a stress or distortion that is aggravated when the tape is placed in 

\ storage. When this occurs, the CE can expect to see blocks on tape which have 
a high skew content, usually caused by tracking or packing/unpacking of bytes. 

Permanent read or write errors cannot be ignored. Every effort and resource must 
be used to resolve this type of problem. 

Damaged Tape 

The cause of damaged tape is one of the most difficult problems to analyze. 
However, there are some causes which are common by the nature of their form 
and location in the reel. Two pieces of information are needed to properly resolve 
a tape damage problem: the reel for examination, and the tape units on which the 
reel was processed. 

Usually, the damaged tape is discovered in a read operation, as a permanent read 
error. The reading tape unit is generally not at fault; however, if the tape is 
machine-damaged, chances are good that the tape unit which last processed the 
reel is at fault. 

Edge Creases: Short creases (2 to 6 inches) at any point in the reel can be the 
result of uneven winding or rough handling. An uneven wind can be caused by 
the tape, reel, or the tape unit. Tapes with a high degree of curvature tend to 
wind unevenly. A lack of constant rewind tension by the machine will also 
contribute. The width of the reel flange spacing is a controlling factor. With the 
best conditions of tape unit and tape, the tape will still tend to wind unevenly if 
the width of the flange is not correct. 

Tape wound with only a few protruding edges on a reel can be creased by 
squeezing the flange. This is usually done when mounting or removing the tape 
reel. 

Reel 

Uneven Wraps of Tape 

(-/ c 

Cross Crease: The cross crease usually comes in pairs; one crease toward the 
coating, and one away from the coating, a foot or less apart. This type of crease 
is created by a backward wrap and can be due to tape becoming slack at some 
point during rewind, or to a severely warped tape reel affecting tape during a 
motion reversal. 

Reel 

Cross Crease"' 

-::;:::::::::Si;::::---- loose loo 

Reel 

rndentations: Any foreign or tape particle causes an indentation in the coating 
surface when tape is wound tight on the reel. When tape is wound extremely 
tight, the end-of-tape marker often embosses the tape surface. 

(~\ 
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Pleat Creases: The pleat crease begins when one or more loose wraps are 
placed in the tape reel during a rewind. During subsequent processing of the reel, 
the outer mass of tape shifts on the loose wrap, causing it to pleat. 

loose Wrap Pleat Crease 

~J ".'"': ;r~ ') 0 0 0 0 0 ~J )/ \,,)1 /' \"-. . 

Edge Nicks: In most cases, edge nicks are operator inflicted. The open-flanged 
reel with uneven wraps is very subject to edge damage. Fingernails, or stacking 
tapes out of their containers are the most prevalent causes. 

Edge Nicks 
All in ali 
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Edge Shavings: Many times, a small edge nick becomes caught on the cleaner 
blade and causes the edge of tape to be shaved. A 'Worn, rough cleaner blade 
can also cause the tape edge to be shaved. This condition can continue for 
several hundred feet, causing the tape to track incorrectly on subsequent passes. 

Wear on Cleaner Blade _________ ..j~~ 

Cleaner Blade 

;'>.", '. ''\ "- 0 0 0 ( \ (~ 
/ ;/ ) "'- ... J 

( 
\... 



( (~ (: 

Environmental Problems 

Temperature 

Temperatures within the specified operating range have little effect on 
performance of magnetic tape. However. extremely high temperature during 
storage. along with heavy winding tension. can cause oxide voiding. 

Humidity 

Relative humidity up to 80% has little effect on tape performance. Low humidity 
has two pertinent effects: 

1. The tape backing becomes stiff and the coating less flexible. Thus. wear 
particles build up faster. 

2. Static charges build up faster at low humidity. Applications which shoe-shine 
over small sections of tape are very sensitive in low humidity. A combination 
of static charge and the smoothness of tape causes clinging in the tape 
transport. This results in poor tape start and stop times. and if the condition 
is severe. read or write failures. 

Contamination 

Prolonged or unnecessary exposure of tape to dust and dirt can contaminate the 
tape surface and result in signal loss and errors. The following basic rules will 
help reduce the risk of tape contamination: 

1. Maintain recommended temperature and humidity conditions in areas where 
tape is used or stored. 

2. Thoroughly clean the entire floor area daily using a damp mop. Avoid 
sweeping. dry mopping. or dusting in areas where tape is used or stored. 

3. Floor waxing should be kept at a minimum. When necessary. the floor should 
be machine buffed to remove excess wax. damp mopped with cold water to 
harden the surface. then machine buffed again when dry. Steel wool. or 
other metal abrasives should never be used for buffing. 

4. Periodically inspect and clean tape units to remove particles accumulated 
during normal use. 
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Tape Handling 

There are only two places that can be considered proper for a tape reel; in use on 
the tape unit. or in its container. Adequate procedures should be established to 
protect magnetic tape from contamination which will undoubtedly result in 
decreased tape unit performance. Some common rules are: 

1. Never leave tape reels or containers exposed. In addition to the possibility of 
tape damage. dust in the air can accumulate on the tape or in the container. 
and eventually contaminate the tape. 

2. Erasing a tape reel identification label is a primary source of contamination. 
Select a label with an adhesive backing that does not leave a residue and 
that can be applied and removed easily. 

3. Never allow a loose end of tape to trail on the floor. even though the end of 
tape does not contain data. Dirt picked up can be deposited in the transport 
areas of the tape unit and be passed on to other sections of the tape. 

4. Smoking should not be permitted in areas where tape is in use. Ashes are a 
source of contamination. Live ashes can produce permanent tape damage if 
they contact the tape surface. 

5. Mount reels carefully. When a reel is improperly seated on the tape unit reel 
hub. the tape edge receives undue wear and becomes burred. This burred 
edge winds to a larger diameter than the undamaged tape. Eventually. the 
center of the tape collapses. and the burred edge of tape is permanently 
stretched. 

Avoid physical contact with the tape through the reel openings or excessive 
pressure on the reel flanges. Such pressure will compress the tape and 
damage its edges. 

6. Use extreme care when removing the write enable ring. Never remove the 
ring while tape is loaded on the tape unit. 

Tape Storage 

To prevent tape contamination and damage during storage. follow these 
procedures: 

1. Before a tape is stored. secure the loose end of tape with a tape end retainer 
to prevent the tape from unwinding in the container. 

2. Always store tape in an upright position. Never store tapes flat or in stacks; 
accidental damage or reel warpage may result. 

3. Store tapes in a cabinet or shelf elevated from the floor and away from 
sources of paper and card dust. This minimizes the transfer of dust from the 
outside of the container to the reel during loading and unloading operations. 
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Tape Subsystem Description 

General Description 

The 3410/3411 Magnetic Ta"pe Subsystem consists of a tape control and as 
many as six tape units. A tape IJnit is an electromechanical device that transports 
magnetic tape across a read/write head, and eithefrecords (writes) data on the 
tape or senses (reads) data previously recorded on the tape. The tape control is 
an electronic device that controls the operation of several tape units. The tape 
control selects a specific tape unit, initiates the proper status conditions for an 
operation, provides timing signals and delays, and ~ontrols tne transfer of data 
between the tape unit and host system. 

To write on tape, the tape control sends tape-motion control commands, write 
control commands, and data to the tape unit. The tape unit then transports the 
tape across the read/write head and writes the received data on tape. To read 
from tape, the tape control sends tape-motion control commands and read control 
commands to the tape unit. The tape unit then transports the tape across the 
read/write head, reads the data from the. tape, and sends it to the tape control. 
The tape unit also rewinds and unloads tape uPon command from the tape 
control. . 

Up to six tape units may be included in an IBM 3410/3411 tape subsystem. The 
tape control and power supplies for the subsystem are located in one of the tape 
units. This unit is the 3411 and functions as a tape unit and tape control. The 
remaining units in the subsystem are 3410's and function only as tape units under 
complete control of the 3411. The tape unit portion of a 3411 is identical to the 
3410 in function and appearance. 

There are three models of the IBM 3410/3411 subsystem. The differences 
between models are 1) the speed at which tape is moved across the read/write 
head, which determines data rate, and 2). the f'!"Iaximum number of tape units 
which may be included in the sl:lbsystem. 

Tape units of a Model 1 subsystem move tape at 12.5 inches per second (ips) 
resulting in a maximum data rate of 20,000 bytes per second. A maximum of four 
tape units may be included in -the subsystem. 

Tape units of a Model 2 subsystem move tape at 25 ips resulting in a maximum 
data rate of 40,000 bytes per second. A maximum of six tape units may be 
included in the subsystem. * 

Tape units of a Model 3 subsystem move tape at 50 ips resulting in a maximum 
data rate of 80,000 bytes per second. A maximum' of six tape units may be 
included in the subsystem. * 

* No more than four tape units, of any model, may be attached to System/3 
because of input/output device addressing limitations. 
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Recording Method 

The IBM 3410/3411 writes and reads nine tracks of phase encoded information 
at 1600 bytes per inch (BPI). With the Dual Density feature. the subsystem will I also write and read nine tracks of NRZI information at 800 BPI. With the 
seven-track feature. the subsystem will write and read NRZI at 200, 556, and 800 
BPI. 

Interfaces 

The tape control must communicate with both the channel of the host system and 
with individual tape units of the subsystem. A means for this communication is 
provided by two interfaces; a subsystem interface and a tape control to tape unit 
interface. 

The subsystem interface allows information to be passed in both directions 
between the system and tape control. All commands. tape unit selection, and 
read and write data are passed over this interface. 

The tape control to tape unit interface connects the selected tape unit to the tape 
control. This interface carries the signals required to execute any tape unit 
·operation, as well as data to or from the selected tape unit. 

Radial Connection 

Each tape unit attached to a tape control is connected with an individual interface 
cable. This is known as radial connection and allows a tape unit to be 
disconnected from the tape control without affecting other tape units of the 
subsystem. 

The address of a given tape unit is determined by the socket location, in the tape 
control, into which its cable is plugged. When the tape control communicates 
with a tape unit, switching circuits route the interface signals only to the selected 
tape unit. These circuits are the tape unit switch, and are in the tape control. 

• 
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Subsystem Control 

The system instructs the 3410/3411 subsystem to perform specific tasks. The 
tape control receives, decodes, and executes the instructions. To execute an 
instruction, the tape control issues, to the selected tape unit, the commands 
required to perform the desired operation. Commands from the tape control 
direct the tape unit to: 

Read tape 

Write tape 

Space forward or backward over sections of previously written tape 

Erase a section of tape 

• ,Write special tape mark characters identifying the end of an information 
section on tape 

Write a special identification burst at the beginning of tape indicating that the 
tape is written in phase encoded mode 

Rewind tapeta the beginning of tape 

ReWind tape to the beginning of tape and unload the tape unit 

Metering 

A time meter is present on the 3411 and on each 3410 tape unit. The meters 
record the time that each individual device is in use. The meters are disabled by a 
switch (ENABLE/DISABLE) on the 3411. but when metering is disabled. the 
subsystem is automatically placed in an off-line status and no subsystem 
operations may be performed under system control. 

Power Supplies 

All power supplies for the subsystem are contained in the 3411. The required dc 
voltages are provided to the individual tape units through interconnecting cables 
from the 3411 to each 3410. 
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System Attachment 

The 3410/3411 subsystem is attached to the host 
system in one of two ways, depending on the system. 

O!" a System/3 Model B, 10, 12. or 15. or System/370 
Model 125. the subsystem is connected to a native 
attachment. The native attachment occupies logic panel 
01BB2 of the System/3 CPU (5410. 5412. and 5415). 
01AA2 of the System/3 CPU (540B) and 01AB 1 of the 
System/370 CPU (3125). The attachment contains the 
circuitry required to adapt the system input/output 
controls to the 3410/3411 subsystem. 

Communication from the System/3 to the subsystem, 
'lcluding instructions, control signals, and write data, 

enter the native attachment on DATA BUS OUT (DBO) 
and are sent to the subsystem on ATTACHMENT BUS 
OUT (ABO). Information entering the system from the 
subsystem, including subsystem and tape unit status, 
error indications, and read data, enter the native 
attachment on ATTACHMENT BUS IN (ABI) and are sent 
to the System/3 on DATA BUS IN (DBI). For Model 125 
information, refer to the System/370 Model 125 
Magnetic Tape Adapter Maintenance Library 
Manual, SY33-1064. 
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Tape Control 

The tape control, under direction of the attached 
system, controls tape unit operation (writing, reading, 
motion control, etc.). It passes write data to the tape 
unit and read data to the attached system, testing data 
parity and correcting when possible. A microprocessor 
directs the various functions of the tape control. A . 
microprogram is permanently stored in Read Only 
Storage (ROS) within the tape control. It consists of 
instructions arranged in groups, or routines. Each 
routine causes the tape control to perform a specific 
task. The instructions of a routine are executed, cine at 
a time, until the task is completed. 

Communication from the tape control to the tape unit is 
on TAPE UNIT BUS OUT and from the tape unit to the 
tape control on TAPE UNIT BUS IN. Since several tape 
units are connected to a tape control, a tape unit switch 
in the tape control must be conditioned to activate only 
the signal lines to and from the tape unit specified by 
the system. 
The TAPE UNIT BUS IN lines bring read data from the 
tape unit to the tape control. In phase encoded mode, 
data signals are present on these lines for both "ones" 
and "zeros." The phase encoded detection circuits 
determine which is present. The "ones" are then loaded 
into the skew buffers which assemble the bits from 
each track into bytes. In NRZI mode, data signals are 
present on TAPE UNIT BUS IN only for ones; therefore, 
no detection is necessary before loading the read data 
into the skew buffers. When a byte is assembled in the 
skew buffers, it is sent through the microprocessor to 
the system. 
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Tape Unit 

The tape unit receives commands from the tape control 
and conditions the various areas of the tape unit to 
respond appropriately for the desired operation. 

The read/write package is attached to the read/write 
head and contains (1) the driving circuits which supply 
current to the write coils when writing. and (2) the 
circuits. for sensing and amplifying data stored 
magnetically on tape when reading. The tape unit logic 
conditions the read/write package for either a read or 
write operation and for the desired recording mode 
(phase encoded or NRZI). In NRZI mode. data entering 
or leaving the read/write package is electronically 
aligned by deskew circuits to compensate for 
differences between tracks . 

A motion control board contains driving circuits for the 
reel and capstan motors. The motion control board 
receives timing pulses and control signals from the tape 
unit logic and regulates the speed and direction of the 
motors. Also on the motion control bOCl~d are circuits 
for detecting the beginning and end of tape 
(photosense) and for sensing the position of tape in the 
vacuum columns (column sense). 

The tape unit logic receives signals from manual controls 
on the operator's panel and causes the proper tape unit 
response. The tape unit logic also turns on and off the 
vacuum system and the indicators on the operator's 
panel. 
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Commands 

Purpose of Commands 

The subsystem is urder control of an attached system which can be a System/3, 
System/360, or System/370. The system and subsystem a~e connected through 
an attachment which converts interface signals so the two can communicate. 

A Start I/O instruction from the system initiates a tape operation. The system 
also sends a command which designates the operation the subsystem is to 
execute. If the subsystem is attached to System/3, the command is part of the 
Start I/O "Q" byte. An explanation of the individual commands. follows. . 

Read Forward 

A read forward command causes the selected t&..,e unit to move tape forward and 
read one block of data. The tape unit sends the data to the tape. control which 
interprets the data as ones and zeros. The tape control checks the parity of each 
data byte as it is received and puts it in a buffer. Single track errOrS detected by 
the parity check are corrected. Tape control sends the buffered bytes to the . 
system, through the attachment. When the tape unit reaches the end of the data 
block, the tape control stops sending data to the system and stops. the. tape unit. 

Read Backward 

A read backward command causes the selected tape unit to move tape. backward 
and read one block of da~ Read Backward is identical to Read Forwardwjth .. 
one exception. When reading a NRZI tape backward, the first two bytes. read are 
check characters and are not sent to the system. 

Write 

The selected tape unit moves tape forward and writes one block of data. The 
write data comes from the system, through the attachment. The parity of each 
byte is checked in the attachment, and again in the tape control. If a parity error 
occurs, it cannot be corrected during a write, so a Data Check error .is set. The 
tape control sends data bytes to the tape unit, timed toCQincide with.prc:>per .write 
time. The tape unit writes each byte as it is received. . 

The tape unit reads back each byte after it is written and.J8ndsit to tape cpntrpl 
where parity is checked. Tape control sets an error if Qad.parity)sfound. . . 

The write operation ends when the system sends no mored~~ and the 
subsystem finishes the read back check. .'. 
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Request- Track In Error (System/360 and 370 Only) 

This command transfers the Track-ln.-Error (TIE) byte from the system to the 
. subsystem. The tape control uses the data to corr.ectthe next da~a block to be 
.read. This command is effective only during nine-t~ack NRZI operations and when 
correcting single,.track errors. 

Control Commands 

-Control commands do not transfer ~tabetweentbesystemand subsystem. On 
System/3, a Control command is part of the Start I/O "R"byte .. 

• Rewind 

The s.elected tape unitwinds ~pe.onto the file.reel until the beginning-of-tape 
.(load. point) marker .is sensed. The tape unit then positions the tape at load point 
and~tops. Any subsequent commandwhi~hcauses forward tape motion or no 
tape motion can be iss,uedfrpm beginJ;lingof tape. 

~ewind~UnJoad 

The selected tape .. unit.winds·tapepnto tbefiJe reel until th.eload-point marker is 
sens.ed, then .unloads tape. Only. the. sense~ommandcan be successfully 
completed from the unloaped s:tate. Before the tape unitJ::anexecute another 

. COrnr)land' the operator. must load . tape and make the tape unit ready. 

EraSJt:(;ap 

The selected tape unit erases tape for approximately 3.6 inches. When the 
selected tape unit is .in .phase-encoding(PEI mode .and is positioned at load point. 
aPE id$Otifi~tipn,burst.is written befpce the erased portion of tape. 

Wnw ·Tape. ·M~k 

The·selected tape unit writes a;bJock of special "non~data" bytescaUed a tape 
mark,.precededbV.a-t~rEl8"1in~h ;"ter~lock gap. When,the tape unit is inPE and 
positioned at load .pOint. aPE identification bUrst is written. before· the interbJock 
QiiP .,and tape mark. No. data>is transferred to· the,.$ub~¥stemfrom the .system. 
tbetapemarkforrnilt is predetermined-and the tap.e·controlgeneratestl;le bytes 
. to,t>e,wr~~I1' 

ThefMle·lJf)itreads back the ~ape mark and sends.it to :tape Control for checking. 
if ~ "'.or. is. found, :tape q>ntrol.·init~tesar:etrv.After .15 unsuccessful. retrjes, 
the. s!Jbsv~em, erases appr!),Ximately45 .. inches of tape and. sets.E;QU I PMEt-JT 
·CtlEC,K.and TARE MARKCH~Kjn ;Sense bytes. 
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Space Block (Forward/Backward) 

The selected tape unit moves tape in the direction specified, past one block of 
data. No data is transferred . 

Space FUe (Forward/Backward) 

The selected tape unit moves tape in the direction specified until a tape mark or 
load point is detected. No data is transferred and interblock gaps are ignored. 

Data Security Erase 

The selected tape unit erases tape from its present position to the end-of-tape 
marker . 

Mode 1 Set (Seven-Track Feature) 

This command establishes the operating conditions in tape 'control for subsequent 
seven-track operations. Mode 1 set determines tile density, .turns the data 
-converter and translator on or off, and sets subsystem operations to odd or even 
parity~ The subsystem retains the mqde set until reset or until another ~ode set 
command. is received. 

Mode 2 Set (Dual Density Featur:e) 

The subsystem, if the dual density feature is installed, is capable of writing and 
reading in PE or nine track NRZI. The Mode 2 set commands are used in 

·1 nin-e-t.rack operation to select eithe.r 1600 bits per inch (PEl, or 800 bits per inch 
(NRZI). ....-
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Diagnostic Commands 

On System/3 the diagnostic commands are part of the Start I/O "R" byte. 

Diagnostic Write 

When the system issues this command, special patterns and records can be 
written. Data from the system is written as sent, except when two or more 
successive ones are written. Two or more ones cause the track they are written 
in to be erased. 

Loop Write to Read 

This command connects the write and read circuits together within the tape unit. 
Write data from the system is sent back through the read circuits and checked. 
Tape does not move and data is not written on tape. 

Skew Check 

The tape unit reads two bytes from a Master Skew Tape and sends them to tape 
control. Tape control measures the time between two tracks of the two bytes and 
places the result in a sense byte. 

Crosstalk Check 

The tape unit reads data previously written in all tracks but one. Tape control 
checks the blank track for data. Any data in the blank track indicates excessive 
crosstalk. 

Diagnostic Measure 

The tape control starts the tape unit moving and measures the time between 
tachometer pulses. The time between tachometer pulses indicates the speed at 
which the tape unit is moving tape. This data is sent to the system to be 
analyzed by the diagnostic program. 

IBG Timing Test 

The tape control starts the tape unit moving and measures the time between the 
detection of "interblock gap" and the next "beginning of block." This time 
represents the length of the interblock gap, and is placed in a sense byte. 

Load Byte 

The tape control requests two bytes of data from the system. The data is for use 
by a subsequent diagnostic measure command. 

INTRO_11 
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Tape Unit 

Data Flow (Simplified) 

Tape Unit Bus Out 

Tape Unit Bus in 
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Read/Write 

Write Operation 

In a write operation, a byte of information is sent from 
the tape control to the tape unit logic over nine parallel 
interface lines (bus out). The tape unit logic sends the 
byte to the read/write package where it is used to 
switch the state of a write driver for each track. The 
state of the write driver determines the polarity of the 
magnetic field written on tape. 

Current is passed through the write coils of each track 
whenever the tape unit is in write status. The direction 
of current flow in a given write coil is determined by the 
state of the write driver for that track. Switching of the 
write driver causes a reversal of current flow in the coil 
and a corresponding reversal of its magnetic field (flux 
change). This reversal writes the byte on tape. 

Read Operation 

Bits, or magnetic reversals on tape, are sensed by the 
read coils as the tape is drawn across the read/write 
head and are sent to the read/write package as 
low-amplitude pulses. 

The read/write package amplifies and generates a 
digital signal which is then gated to the tape unit logic 
by an· amplitude sensing circuit. Signals below a voltage 
threshold selected by the tape control are rejected as 
noise and are not sent to the tape unit logic. 

The tape unit logic receives read signals from all nine 
tracks and sends the byte of data to the tape control 
over nine parallel interface lines (bus in). 

Write Coil 

Frc:>m W:it~ t Current 
Driver ~ Flow 

I I 
~]! Current 

Flow 

Feedthrough Compensation 

L Write Driver Switching 

Flux Pattern on Tape 

Magnetic Reversals on 
Tape (Flux Changes) 

Flux Pattern on Tape 

Read Signal 
(Read Head Output) 

During a write operation, magnetic lines of force are 
generated at the write gap to magnetize bits on tape. 
Because the write and read heads are so close, some of 
the lines of force reach the read head and induce noise 
in the read head windings. If amplified, this noise could 
cause write error indications during the read back check. 
To prevent amplification of this type of noise to a level 
sufficient for read circuit detection, a feedthrough 
compensation signal is applied to the read circuits. 

A portion of the signal applied to the write coils is 
inverted and fed as an out-of-phase voltage to the read 
circuits to cancel feedthrough. The amplitude of the 
feedthrough compensation signal is set at the factory 
and is matched to the feedthrough characteristics of 
individual read/write heads and circuits. 

Read Back Checking 

During any write operation, the read circuits are enabled / 
to allow read back checking. When writing, tape first 
crosses the write gap where bits are written. A few 
milliseconds later, the freshly-written bits are sensed at 
the read gap and sent through the normal read data 
path to the tape control. In the tape control, each byte 
is checked for validity and then discarded. 

Deskew 

When writing or reading in N RZI mode, the write pulses 
going to the read/write package, or the read pulses 
coming from the read/write package, are passed 
through the deskew circuits. These circuits electronically 
compensate for physical misalignment of tracks across 
the read/write head, and for variation between tracks in 
electrical characteristics. 

Read Deskew 

Because of track-to-track differences, all bits of a byte 
are not sensed in the read/write package at the same 
instant. Read deskew is accomplished by delaying the 
early tracks with adjustable single-shots so that the read 
signals in all tracks arrive simultaneously at tfie tape unit 
logic. 

Since tape does not follow exactly the same path in 
both directions over the read/write head, separate sets 
of deskew single-shots are used during forward and 
backward read operations. 

Write Deskew 

The switching of individual write drivers must be timed 
by the write deskew circuits so that all bits of a byte are 
written in a straight line across tape. Write deskew is 
accomplished by delaying the write pulses which switch 
the individual write drivers in the read/write package .. A 
deskew single-shot for each track is adjusted such that 
all bits of a byte are written in a straight line across tape 
rather than simultaneously. 

DIRECTION OF TAPE TRAVEL DURING WRITE 

Read/Write Head 

'" 

Auto-Degaussing 

An auto-degaussing circuit demagnetizes the read/write 
head each time the tape unit is switched from write to 
read status and tape motion is stopped. During a write 
operation, current through the write coils partially 
magnetizes the read/write head. If this magnetism was 
not removed before a subsequent read operation, it 
would partially erase the information on tape and distort 
the read signal waveform. 

At the end of every write operation, when tape unit 
status changes to read, a degauss burst is applied to 
the write circuit for each track. The degauss burst is a 
series of write pulses which decrease from a maximum 
amplitude to zero. This produces ever-diminishing 
current reversals through each write coil which 
neutralize, or degauss, the magnetism of the read/write 
head. The degauss circuit is "located on the motion 
control board. 

Sense 

The tape unit logic stores, as sense data, information 
relative to the state of the tape unit, including unusual 
conditions resulting from the last operation. 

Sense data is transferred from the tape unit to the tape 
control" when requested by the tape control. When the 
tape unit receives a request for sense data, it sends a 
byte of the stored sense information to the tape control 
on the bus in lines. 



Operator's Panel 

o 

Usage Meter 

A time meter on the 3411 records the time that the tape 
control is in use. The meter runs whenever the 
subsystem is enabled (online) with the 
ENABLE/DISABLE switch, and the system METER OUT 
line is active. 

A time meter on each 3410 records only the time that 
the tape unit is in use. The meter runs whenever the 
subsystem is enabled, tape is away from load. point, and 
the system meter out line is active. 
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SELECT 

READY 

This lamp indicates that the tape unit is capable of 
executing commands from the tape control. 

To turn on the READY lamp, the tapeiJnit must be 
loaded, the START key must be pressed, and tape must 
not be in motion, as in a load or rewind operation. 
Pressing the START key while tape is in motion causes 
the READY lamp to turn on after the operation is 
complete and tape motion stops. 

Tape Unit Address Decals 

This lamp is turned on when the tape unit is addressed 
by the tape control. The tape unit must be ready before --7"-------__ 
it can execute commands from the tape control. 

If the tape unit is not loaded, this pushbutton causes 
the tape to load into the vacuum columns and to be 
moved forward to load point (the load point reflective 
marker is sensed at the photosense block). 

If the tape unit is loaded, not ready, and tape is not 
positioned at load point, the LOAD REWIND pushbutton 
causes tape to move backward (rewind) to load point. 

Pressing LOAD REWIND has no effect if the tape unit is 
ready or if tape is already positioned at load point. 

START 

If the tape unit is loaded, this pushbutton places the 
tape unit under control of the tape control, turns on the 
READY lamp, and disables all other push buttons except 
RESET. 

The START pushbutton has no effect if the tape unit is 
ready or not loaded. 
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FILE PROTECT 

This lamp indicates that the tape unit is not capable of 
executing a write or erase command from the tape 
control. 

The FILE PROTECT lamp is turned on when the tape 
unit is not ready or when a file-protected tape reel is 
mounted. A file-protected reel is one from which the 
write-enable ring has been removed. Removal of this 
ring (which fits into the back of the tape reel) is required 
when information on the tape must be protected from 
accidental erasure or rewrite. 

TAPE INDICATE 

This lamp is turned on when the end-of-tape reflective 
marker is sensed with tape moving in a forward . 
direction. The lamp is turned. off when the end-of-tape 
marker is sensed with tape moving in ab~ckward 
direction. 

1 ___ Indicators (Lamps) 

RESET 

This pushbutton causes the tape unit to become not 
ready, turns off the READY lamp, stops tape motion, 
and removes the tape unit from the control of the tape 
control. 

Switches (Pushbuttons) 

UNLOAD REWIND 

This pushbutton causes the tape unit to rewind tape to 
load point and then unload. If the tape is at load point 
when you press UNLOAD REWIND, the tape unit 
unloads immediately. The UNLOAD REWIND 
pushbutton is disabled when the tape unit is ready. 
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Tape Traneport 

Read/Writa Head 

A single two-gap head is used. 

Nine separate write coils write data on nine tracks. 

Nine separate read coils read data from nine tracks. 

Erase Head 

Reel Drive 

Each tape reel is driven by a separate dc motor. 

The motors are servo controlled by the position of 
the tape loop in the vacuum column. 

When tape is moved by the capstan, the reel 
motors rotate the reels to feed and take up tape; 
but they allow enough slack to maintain a sensing 
loop in each vacuum column. 

• A single-gap head erases old information from tape ___ -t~~~~~~~;:.~~S;;;::;;;;:~~~~~~~ 
before new information is written. 

• Erasure is accomplished by passing dc current 
through the erase head coil. 

The erase head is always active during a write 
operation, and never active during a read operation. 

Photosense Block 

The photosense block detects the ends of tape. 

Reflective markers, at each end of tape, reflect light 
from a lamp to a photocell. 

Vacuum Column Switches 

Tape Drive Capstan 

A single tape drive capstan is used to move tape 
forward and backward. 

The capstan is driven by a reversible dc motor. 

In a loaded condition the tape, which wraps 
approximately 170 degrees around the capstan, is 
held firmly against the capstan surface by the pull 
of vacuum on the tape loops in the vacuum 
columns. 

When the capstan rotates in either direction, tape 
movement is positive because of the large area of 
contact between the capstan and the tape surface. 

Vacuum Columns 

Vacuum Ports 

Two vacuum columns are used as tape loop buffer 
areas. 

A vacuum is developed at the bottom of each 
column. This vacuum is used to: 

1. Attract tape into the vacuum columns during a 
load operation. 

2. Provide a gentle, uniform tension on tape in a 
loaded condition. 

3. Operate a tape loop position sensor located 
behind each vacuum column and activated 
through a series of small ports in the column 
surface. 

Tape loop buffering allows the capstan to turn 
intermittently without the tape reels having to turn 
simultaneously. 

The load point marker (15 feet from the beginning 
of tape) reflects light to the load point photocell. 

The end-of-tape marker (25 feet from the end of 
tape) reflects light to the tape indicate photocell. 

Vacuum switches are connected to each column to 
indicate the presence of tape in the column. 

Each vacuum column has a vacuum port through 
which air is exhausted from the column by a 
vacuum pump. 

A tape cleaner blade within the photosense block 
removes particles of dust and loose oxide from the 
tape surface. 

The vacuum pump runs whenever the tape unit is 
loaded (tape is in the columns) or is in the process 
of loading. 
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Reel Motor Control/Capacitive Sense 

Tape Loop Positioning 

The position of the tape loop in the vacuum column is 
sensed through a series of small holes in the rear wall 
of the column. For each direction of tape movement, 
there is an optimum, or null, position for the tape loops 
within the column. When a loop drops below, or rises 
above this position, the corresponding reel drive circuit 
is activated. The power applied to the motor is in 
proportion to the distance of the tape loop from its null 
position. 

Tape Loop Too High -
Drive Left Reel cwo 

Tape Loop Too Low _ _ __ 1'1"' ... 

Drive Left Reel ccw. . ...... 

• • 
••••••• • •••••• 

Null Position of 
Tape Loops in 
Forward Status 

Null Position of 
Tape Loops in 
Backward Status 

00 
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Reel Motor 

Push-Pull 
Reel Latch 

Separate reversible de motors drive each tape reel. 
When tape is moved by the capstan, the reel motors 
rotate the reels to feed and take up tape; but they allow 
enough slack to maintain a sensing loop in each vacuum 
column. 

Reel drive circuits control the speed and direction of the 
reel motors. These circuits respond to the position of 
the tape loop in the vacuum column and drive the reel 
motor either clockwise or counterclockwise to properly 
locate the tape loop. 

Capacitive Sense 

A capacitive sense unit, attached to the back of each 
vacuum column, senses the position of the tape loop in 
the column and supplies this information to the reel 
drive circuits. 

() \. . 0: . . o o 

Atmospheric pressure above and vacuum below the tape 
loop are sensed through the small holes (sensing ports) 
in the rear wall of the column. The sensing ports allow 
vacuum to act upon a long, flexible diaphragm which is 
part of a capacitor whose capacitance varies as the 
diaphragm is shifted. For any position of the tape loop, 
this capacitance modulates an oscillator signal applied to 
the center plate. The modulated signal forms the input 
to the reel drive circuits, where a change in capacitance, 
caused by tape loop movement, is detected. 

Magnetic Tape in 

Vacuum Column 

Atmosphere 
Pushes 
Tape Down 

-"",n .. ,·iti" ... Sense Housing 
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Tape Loop WJ 
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Moves Up and Down, 
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Vacuum COlumn" 

Cover " 
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Reel Drive 
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Capstan/Capstan Control 

Capstan 

A single tape drive capstan moves tape forward and 
backward. The capstan is driven by a reversible dc 
motor designed with high torque and low inertia 
characteristics for quick starts and stops. 

The capstan is coated with a thin layer of rubber. 
Grooves are cut in the rubber coating for maximum 
traction on the tape surface. 

\ 
Capstan Motor 

Mounting Fixture 
(Attaches to Underside of Transport) 

In a loaded condition, the tape is held firmly against the 
capstan surface by the pull of vacuum on the tape loops 
in the vacuum columns. This tension is equal on both 
sides of the capstan 'and is constant regardless of tape 
loop fluctuations. This results in minimum load to the 
capstan motor when initially accelerating in either 
direction. 

o 

\ 
Vacuum Column 
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Capstan Control 

The capstan rotates when the tape control instructs the 
tape unit to move tape. The direction the capstan is to 
turn (forward/backward) also comes from the tape 
control. A capstan speed feedback system governs the 
speed at which tape is moved. A tachometer (tach) disk 
is attached to the capstan motor armature. As the disk 
turns, a beam of light from a lamp to a photocell is 
interrupted by a mask of darkened lines in the disk. 
Since these lines are equally spaced around the disk, the 
photocell output represents capstan speed. During tape 
movement, the frequency of tachometer output pulses is 
measured and used by the capstan control circuits to 
regulate capstan speed, 

The capstan control circuits supply drive current to the 
capstan motor. The control circuits vary the current level 

Photocell 

(Mounted on Capstan Armature) 

(~C():C/ c c c 

to maintain correct capstan speed. To provide the 
proper current to the motor, the control circuits measure 
the duration of each tach cycle. If a tach cycle is long 
(motor running ~Iow). the drive current is increased 
during the next ,tach cycle, causing the motor to speed 
up. If the tach cycle is short (motor running fast). the 
drive current is reduced to cause the motor to slow 
down. This process is repeated each tach cycle during 
capstan operation, with the drive current being shifted 
when required to maintain accurate capstan speed, 

During rewind, the control circuits apply a dc current to 
the motor to cause continuous high speed rotation. At 
the beginning ahd end of a rewind, this current is 
applied and removed slowly. This allows the reel motors 
time to respond to the changing rate of tape movement. 

TC!ch Output Pulses 

I Tach CY~le 

Pulse Shaping 
Circuits 1-.......... 

Capstan 
Motor 

+ 

Tach 
Output 
Pulses 

Drive 
Current 
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I Motor I Motor Slowing 
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() {/ 



Photo .. nsing/Tape Cleaner 

Photosansa Block 

The photosense block senses the ends of tape. It is 
located in the left vacuum column below the read/write 
head . 

. The load point is indicated by a reflective marker 
(attached to the tape with adhesive) adjacent to the 
front edge of tape. 15 feet from the beginning of tape. 
When this marker passes through the photosense block. 
light from a lamp directed at the front edge of tape is 
reflected to the load point .photocell. An output from the 
load point photocell indicates that the beginning of tape 
has been reached. 

The end of tape is indicated' by a reflective marker 
adjacent to the back edge of tape. 25 feet from the end 
of tape. When this marker passes through the 
photosense block. light from a lamp directed at the back 
edge of tape is reflected to the tape indicate photocell. 
A~ output from the tape indicate photocell indicates that 
the end of tape has been reached. 

Photosense Block 

Tape Indicate Photocell------:lb---... ~~ 

Lamp Voltage -__ -----

o 000 

Load Point Photocell 

o C) o 

Load Point Reflective Marker 

End-of-Tape Reflective Marker 

Note: Markers are actually placed 
at opposite ends of the tape. They are 
shown near each other for purposes of 
explanation only. 

Recording S'urface 

Magnetic Tape 
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Photosense Block 
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, Vacuum 

Tape Cleaner Blade 

The blade is perforated with small holes. As tape moves 
across the surface of the blade. the edges of these 
holes scrape loose oxide and other particles from the 
tape recording surface. 

Vacuum is present behind the cleaner blade to attract 
the tape to the blade surface and to carry off whatever 
debris is removed by the blade. 
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Erase Head/File Protect 

Erase Head 

The erase head is located between the photosense 
block and the read/write head. During write or erase 
operations, dc current is passed through the windings of 
the erase head to erase the entire width of tape. 

Tape passes the erase head before passing over the 
write gap. In a write operation, the erase head 
generates a magnetic field which saturates the tape to 
magnetic zero as it passes. New information is then 
written at the write gap. 
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Read/Write Head 

Tape Cleaner Blade 
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File Protect Assembly 

The back of all tape reels has a groove that accepts a 
write-enable ring. Mounting a reel with this ring 
installed partially displaces the file protect plunger. 
Partial transfer of the plunger causes vacuum to further 
displace and hold the plunger. As the plunger is pushed 
by the write-enable ring into the file protect assembly, 
two file protect switches are closed. Closing these 
switches allows the erase head an~ write circuits to be 
activated when write status is enabled. When vacuum is 
up, the plunger is pulled away from the write-enable 
ring. 

When no reel is mounted, or when a reel is mounted 
without a write-enable ring, the file protect plunger 
remains extended and writing cannot take place. 

C 

File Protect Switches 
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Read/VVrite Package 

The read/write package consists of a read/write head, a 
read/write circuit board, and an erase head. 

Read/Write Head 

The read/write head contains a write section and a read 
section. The write section is composed of nine individual 
write heads which record nine parallel tracks of 
information. Write current is supplied to the write heads 
by circuits on the read/write board. 

The read section has nine individual read heads which 
sense information recorded on tape. The read heads 
provide low-amplitude signals to read circuits on the 
read/write board, which amplify the signal to a useable 
level. 

Read/Write Board 

The read/write board contains the read/write circuits. 
The read circuits are separate from the write circuits and 
each functions independently of the other. Each track in 
the read/write head has one set of read, and one set of 
write circuits. 

Read/Write Head 
(Bottom) 

Erase Head/' 

Write Circuit 

Mechanical Skew 
AdJ' ustment Screw 

" 

Power (+6V,+15VI----TH-H..:or1 

Read/Write Board 

The circuits for each track are adjusted at the factory to 
match the characteristics of the individual read or write 
heads. For this reason, the read/write head and 
read/write board are'considered one unit, and must be 
removed or replaced as a unit. 

Erase Head 

The 'erase head is mounted on the support bracket for 
the read/write head. In a write operation, tape passes 
the erase head, and is erased, just before passing the 
write head, where new information is recorded. 

Read/Write Head Alignment 

The read/write head must be physically aligned so that 
all bytes are written in a straight line, perpendicular to 
the edge of tape. The mechanical skew adjustment 
screw shifts the position of the read/write head to 
achieve this alignment. 
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Read/Write Circuits (One Track) 

PE/NRZI 

sellct 

Oa ta In 

... Write Circuits Write ~ 
Coil c 

~ Read 
10 Coil 

ta In (Loop Da 
Wr ite to Read) 

Da ta Out 

.... 

I I ,+ I I Wnte Status 

1'1 
I I 
1,1 
I I 
I I 

Read Driver 

Read/Write Circuits 

Write 

.... 

Write data enters the write circuits in digital form. The 
write circuits, when conditioned by the write status line, 
convert the input data into a waveshape suitable for 
driving the write coils. ' 

Recording in NRZI mode uses higher write current than 
recording in Phase Encoded mode. The current to the 
write coils is determined in the write circuits by the 
status of the PE/NRZI Select line. 

Read 

The read circuits, receive input signals from the read head 
coils in the form of low amplitude sinusoidal pulses. The 
pre-amp and filter circuit removes unwanted noise and 
amplifies the read signal. The signal is passed to an 
amplitude sense and gating stage where the amplitude of 
the read signal is sensed. Only signals of a 
predetermined amplitude are gated beyond this stage. 
The gated signal is again amplified, converted to square 
wave form, and passed to the read drivers. These drivers 
send data over the read cable to the tape unit logic board 
for PE and to the deskew board for NRZI. 

The read signal produced in reading NRZI data is of a 
higher amplitude and at a different frequency than that 

() 000 

PE/NRZI ~ 

selrt A 

Pre-amp ... 
and Filter ... 
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Amplitude Sense 
Control 

+ 
Phase Encoded 
Amp. Sense 
and Gating 

Amplitude Sense 
Control 

+ 
NRZI 
Amp. Sense 
and Gating 
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, 
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produced reading Phase Encoded data. For this reason, 
separate amplitude sense and gating circuits are used for 
the two modes. The read signal is routed to the proper 
circuit by the PE/NRZI Select line at the pre-amp and 
filter circuit. 

Amplitude Sense Control 

The amplitude threshold used to gate the read signal is 
controlled by the tape control. Amplitude sense control 
signals enter the read circuits over the read cable, and 
are used to set the threshold to one of several levels. 

During a write operation, the threshold is always at a 
higher level than during a read operation. This causes 
the readback check (reading freshly written data during a 
write operation for, validity checking) to be more 
stringent, resulting in cOl)fidence that the written data 
may be read at a later date. 

Loop Write-to-Read (LWR) 

To assist in isolating read or write failures in the field, 
the LWR function is provided. LWR is under diagnostic 
program control and causes write data to be looped 
through the read drivers and returned to the system 
through the normal read process. A LWR operation 
simulates a normal write (with read back check) without 
actually recording information on tape by bypassing the 
bulk of the read/write circuits. 
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Vacuum System 

Vacuum Pump And Motor 

The vacuum pump consists of a centrifugal blower which 
is belt-driven by a motor. Air is drawn into the center of 
the blower and exhausted. 

The vacuum pump supplies vacuum whenever the drive 
motor is running. The motor operates on 208 volts ac 
(single phase) and is energized whenever the tape unit is 
loaded or is in the process of loading. The motor is 
turned off at the beginning of the unload operation. 
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Vacuum Columns And Capacitive Sense ---------------­

Vacuum is supplied to the vacuum columns and 
capacitive sense units through a plenum located at the 
bottom rear of the vacuum columns. During operation, 
when rapid tape motion occurs in the vacuum column, 
the plenum reduces fluctuation of the vacuum level 
within the columns. 

A vacuum reducer is installed between the plenum and 
capacitive sense assemblies so that only partial vacuum 
is supplied to these units. 

Ta e Unit 10 

Vacuum Columns 
(from the rear) 

Capacitive Sense Units 
(Attached to Back of 
Vacuum Column) 

Capstan Motor 

On the 3410/3411 Model 3, vacuum is supplied to the 
capstan motor to prevent the accumulation of dust or 
brush-wear particles around the tachometer assembly. 

File Protect Mechanism 

When a tape reel with a write-enable ring installed is 
placed on the left reel hUb, a plunger on the file protect 
mechanism is depressed by the ring. Depression of the 
plunger closes a vacuum chamber within the assembly 
and when the drive is loaded, the plunger is further 
retracted and held by vacuum. 

~1··-----------TapeCleaner Assembly 

Vacuum is supplied to the tape cleaner assembly to 
attract the tape to the cleaner blade surface and to 
exhaust debris as it is removed from tape. 
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Load/Unload Operation 

Load Operation 

After you thread tape over the top of the vacuum 
columns, press the LOAD REWIND pushbutton and the 
vacuum pump starts. The left reel lowers tape into the 
left column, then the right reel lowers tape into the right 
column. Loading of the right column is delayed until the 
left column is loaded to prevent tape slipping at the 
capstan during the load operation. 

Each column is sealed as soon as tape enters the 
column, creating a vacuum below the tape loop. After 
tape is in both columns and the vacuum switches close, 
capacitive sensing· controls the tape reels and lowers the 
tape loops to the center of each column. 

Load Rewind Pushbutton 

FT170 

Turn On Vacuum Pump 

FT190 

700 ms Delay 

FT120 

When both columns are loaded, the capstan moves tape 
forward until the load point marker is sensed at the 
photosense block. When load point is sensed, tape 
motion stops. Tape is now properly positioned, but 
before any operation may be performed, the tape unit 
must be made "ready" by pressing the START r-----...JI;.....---...., 

~, 
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pushbutton. Drive Left Reel cw Drive Right Reel ccw 

Tape Enters Column 
Creating a Vacuum 
Below Tape Loop 

Reel Drive Under 
Control of Capacitive 
Sense 

Stop Tape Motion 

!'~ r) ~ 8 0 ,y '",--y \,,-y 

FT120 FT120 

Left Column Vacuum 
Switch Closes 

Right Column Vacuum 
Switch Closes 

Yes 

0 0 'i· " 

FT120 

Tape Unit 
Is loaded 

Move Tape Forward 

FT101 
FT160 

Turn on Tape Unit Ready 

FT140 

End of load Point Search 

0 0 r) \ ' 

FT120 

0 0 

Unload Operation 

Press the RESET pushbutton to make the tape unit "not 
ready." Then press the UNLOAD/REWIND pushbutton, 
firing the 5-second Unload Drive single-shot. During 
the time-out of this single-shot, the Column A 
Normal and Column B Normal latches are reset, 
which disconnects the reel drive circuits from capacitive 
sense control. The vacuum pump turns off and the reels 
rotate slowly to remove tape from the vacuum columns. 

After five seconds, the Unload Drive single·shot 
times out, drive voltage to the reel motors drops, and 
the unload operation is complete. 

Yes 

Unload Rewind Pushbutton 

Tape Unit Must 
- - - - - - - - - Be "Not Ready" 

to Unload 

Turn On 5-second 'Unload 
Drive' Single-shot 

FT101 

Reset 'Column Normal' 
Latches 

FT120 

Turn Off Vacuum Pump 

FT190 

Removes Reel 
Motors from 
Control of 
Capacitive Sense 

Causes Tape to 
Drive Left Reel ccw Drive Right Reel cw Be Slowly "Removed 

from Vai:uum 
Columns 

FT120 FT120 

" 
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Rewind/Rewind Unload 

Rewind Operation 

The LOAD REWIND pushbutton, or a Rewind (REW) 
command from the tape control, initiates a rewind 
operation. The LOAD REWIND pushbutton is active only 
when the tape unit is "not ready." 

If the tape unit is not loaded when LOAD REWIND is 
pressed, a normal load 9peration will result, ending with 
tape properly positioned at load point. If the tape unit is 
loaded and tape is away from load point, pressing 
LOAD REWIND moves tape backward at high speed 
until the load point marker is sensed at the photosense 
block. The time required to stop tape allows the marker 
to overrun the photosense block by several inches. After 
stopping, tape is moved forward until the marker is 
again sensed. 

If tape is at load point when LOAD REWIND is pressed, 
the operation will terminate immediately. 

The REW command does the same as the LOAD 
REWIND pushbutton, except that the tape unit must be 
loaded and "ready" for the command to be executed. 

REWCommand 
from Tape Control 

FT100 

FT101 
FT110 
FT101 
FT130 
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LOAD 
>--... OPERATION 

Set Controls for Rewind: 
NOT LOAD POINT SEARCH 
NOT REWIND STOP 
REWIND MOVE STATUS 
BACKWARD STATUS 

Move Tape Backward in 
High Speed Rewind 

{~ (, 

Turn on Tape Unit Ready 

No 

Stop Tape 

(' 
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Rewind Unload Operation 

The UNLOAD REWIND pushbutton, or a Rewind Unload 
(RUN) command from the tape control, initiates a rewind 
unload operation. The UNLOAD REWIND pushbutton is 
active only when the tape unit is "not ready." 

If tape is at load point when UNLOAD REWIND is 
pressed, a normal unload operation results. 

If away from load point, tape rewinds at high speed to 
load point and is then unloaded. 

The RUN command does the same as the UNLOAD 
REWIND pushbutton, except that the tape unit must be 
loaded and "ready" for the command to be executed. 

RUN Command 
From Tape Control 

FT100 
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./ 
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Unload Rewind Pushbutton 
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Tape Unit Sense 

Tape unit status is sampled periodically by the tape 
control. Each tape unit provides this information in three 
sense bytes. These are tape unit sense bytes 0,1, and 2, 
which are requested one at a time by the tape control. 
Each byte is sent from the tape unit on the TAPE UNIT 
BUS IN lines. 

The tape control places the tape unit sense information 
into the subsystem sense data format to be sent to the 
host system following a Sense instruction. 

Included with normal status information in the tape unit 
sense data, are indicators of any abnormal condition 
which is internally detected in' the tape unit. 

CROSS-REFERENCE OF TAPE UNIT SENSE BYTES AND 
CORRESPONDING SUBSYSTEM SENSE BYTES 

.. 

Tape Unit Subsystem Sense Byte Subsystem Sense Byte 
Sense Byte System/3 System/360/370 

0 2 .. 
1 4 6 

2 6 7 

Because of programming requirements of System/360/370, information'" 
contained in Tape Unit Sense Byte 0 is spread over several subsystem .,..... 
sense bytes. 
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CROSS-REFERENCE OF TAPE UNIT SENSE BYTE 0 AN!D 
CORRESPONDING SUBSYSTEM SENSE DATA (360/370) 

Tape Unit 
Bit 0 Bit 1 Bit 2i 

Sense Byte 0 

Corresponding Location in 
Byte 3 

Byte 1 
Byte 4: 

Subsystem Sense/Data Bit 6 
Bit 6 Bit 2: 

(System/360/370) .. 

Bit 3 

Byte 1 
Bit 4 

Bit 4 Bit 5 Bit 6 Bit 7 

Byte 1 
Byte 1 

Byte 4 
Byte 1 

Bits 1 and Bits 1 and 
Bit 5 Bit 6 

2 2 

TAPE UNIT ABNORMAL CONDITIONS .. Inverted from NOT FILE PROTECTED in tape unit sense qata to FILE PROTECTED in 360/370 subsystem sense data. 

Symptom 
Location in 

Cause 
Tape Unit Sense Data 

11 DSE Failure {)ense Byte 2. Bit 4 The selected tape unit is not ready while 
attempting a Data Security Erase operation. 

11 Right Column Check Sense Byte 2. Bit 2 Loss of vacuum in the right ~m column 
(column B) has been sensed, T tape loop 
has bottomed in the right column. allowing 
the column vacuum switch to open. 

(I Left Column Check Sense Byte 2. Bit 1 Loss of vacuum in the left vacuum column 
(column A) has been sensed. The tape loop 
has bottomed in the left column. allowing 

Security Erase 
A 

the column vacuum switch to open. 

• Stop Key On Sense Byte 2. Bit 3 Either the Reset key has been pressed. or 
the cover interlock switch has opened. 

Not Ready 
FT222 

• Lamp Check Sense Byte 2. Bit 0 The filament of the EOT. the BOT. or the 
. tachometer lamp is open. .. Tape Unit Check Sense Byte O. Bit 6 Set when: 

1. Tape has bottomed in either vacullm 
column. 

Tape Bottom A 1 
OR 

Power On Reset 

2. A load failure occurs. 
3. Power on reset is received, 

Tape Bottom B 
FT121 

4. The Reset key is pressed. 
5. The cover interlock switch is opened. 
6. A photosensing lamp is open. 

Reset Key 
OR 

Cover Interlock Switch 
FT170 

Photocell Lamp Fail 

Tachometer Lamp Fail 

.' 
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iii DSE Failure 

iii Right Column Check 

II Left Column Check 

Column Fail or P,O.A. 

Reset Condition OR Stop Key On. 
I...- OR 

FT140 .-- FT121 

OR Lamp Failurell 

FT170 

~ 

,,;- " ,.....-~ 0 0 0 0 () ,,--y 
, , 

~ji' 

! 

Ta~e 
UnIt .. Chlick 

, 

(Ready Reset) 

(Lamp Check) 

.. 
-~ ('\ ,0 ( '\ 
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Tape Unit Sense Byte 2; Bit 4 

Tape Unit Sense Byte 2; Bit 2 

Tape Unit Sense Byte 2; Bit 1 

A-LD Interrupt (To Tape Control) 

FT160 

Tape Unit Sense Byte 0; Bit 6 

Tape Unit Sense Byte 2; Bit 3 

Tape Unit Sense Byte 2; Bit 0 

0 0 0 0, \ 
~j '0 

~ 
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-
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FT222 

FT221 

FT220 

WA003 

FT223 

FT221 

FT220 

0 
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Tape Control/Tape Unit Interface 

The tape control/tape unit interface is 
the communication link between the 
tape control and the various tape units 
attached. Twenty-four signal lines are 
provided for this communication. Nine 
TAPE UNIT BUS OUT lines carry 
information from tape control to tape 
unit. Nine TAPE UNIT BUS IN lines 
carry information from tape unit to tape 
control. Both sets of bus lines include 
a parity line to allow validiW checking 
of the information transmitted over the 
interface. 

Tape 
Control 
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The interface is multiplexed, meaning 
that a set of bus lines is used to carry 
several types of information. Three 
TAG lines are encoded by the tape 
control to identify the type of 
information on the bus lines. Three 
other tag lines carry specific 
information such as clock and 
tachometer signals. 

Tape Unit Bus Out (9 Lines) 

Tags (6 Lines) 

Tape Unit Bus In (9 Lines) 

The TAPE UNIT BUS OUT lines carry all 
commands and control information to 
the tape unit, as well as data to be 
written on tape during a write 
operation. 

Three TAG lines are used for the 
control and identification of information 
on the bus lines. These lines are 
encoded by the tape control to indicate 
that the bus contains sense data, 
control information, or read or write 
data. 

The TAPE UNIT BUS IN lines carry 
sense data and data read from tape 
during a read or write operation, from 
the tape unit to the tape control. 

c! (~ (~ (" 
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Three additional TAG lines carry: 

A meter out signal from the tape 
control to the tape unit 
Tachometer pulses from the tape 
unit to the tape control, for use in 
measurement of tape travel 
Interrupt signals from the tape unit 

("' C' C~ c (':' 

Tape 
Unit 
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Tape Control 

Introduction 

The tape control operates under control of the microprogram. A command from 
the system initiates a tape operation, and the microprogram controls the sequence 
of events until the operation is completed. ' 

The tape control functional units discussed in this section are directly controlled 
by the microprogram, except the clock and ROS. 

Clock 

The clock provides basic timing for the tape control and synchronizes the 
hardware circuits with the microprogram. It consists of eight stages of PH 
circuits, driven by a free-running, 20.48 MHz oscillator. The basic pulse duration 
of the oscillator is 25 nanoseconds. The eight stages of the clock feed AND-OR 
combinations to generate the necessary pulses for either a 150 nanosecond 
(short) or 200 nanosecond (long) instruction cycle. A cycle is the amount of time 
needed to execute one microprogram instruction. 

Instruction Counter (lC) 

The IC contains an address which selects the proper instruction (ROS word) to 
control operation during one cycle. The address is updated each instruction cycle. 
Norma"y, the look-ahead circuit increments the address by one each cycle, but 
three microprogram instructions can replace a part or a" of the address with a 
new value. This gives the microprogram control over IC, and its own sequence of 
operation. 

Read Only Storage (ROS) 

The ROS unit contains the permanently stored microprogram which controls tape 
control operation. The storage locations (ROS words) in ROS are 16 bits long. 
Anyone of the locations can be selected and the contents put in the ROS 
Register where they remain for one instruction cycle. The ROS Register 
distributes the ROS word to the control and data flow circuits. At the end of the 
cycle a new ROS word replaces the current one, to execute the next instruction in 
the sequence. 

Local St~rage Registers (LSR) 

During each cycle, if directed by the microprogram, data can be written into or 
read out of LSR. During logical operations, Field 1 of the ROS word and a Hi/Lo 
Select latch are used to address one 'of 32 storage locations~ During Store and 
Transfer operations, bit 3 and Field 1 address one of 32 locations. 

The 0 Bus is the LSR input bus. It may contain output data from the ALU, read 
data from the tape unit, or input data from the ABO. When directed by the 
instruction, the data on the 0 Bus is stored in the LSR location addressed by 
Field 1 of the ROS word. 

The B' Bus is the LSR output bus. When the ROS word requires data from an 
LSR, the content~ of the location addresse.d by Field 1 of the ROS word are 
placed on the B Bus. From the B Bus, the l:lata is gated to the system, to the 
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tape unit, into the A Register, or is used as an input to ALU. The ROS word 
selects the destination. 

Arithmetic Logic Unit (ALU) 

(-

The purpose of ALU is to arithmetically combine the A Bus and the B Bus inputs 
by using one of the logical instructions: ADD, AND, OR I, or XO. The ROS word 
selects the operation and addresses an LSR. The LSR is transferred to the B Bus. 
The A Bus contains the constant in Field 2 of the ROS word, ORed with data 
contained in the A Register. Any data contained in the A Register was transferred 
in during a previous instruction. 

The output of ALU goes to the 0 Register and is stored in an LSR if instructed by 
the ROS word. 

Transfer Decode 

The tape control moves data or changes the status of certain hardware by a 
Transfer instruction. The Transfer-Decode circuits receive Field 2 of the Transfer 
instruction to determine which of 24 transfer operations to execute. 

Branch Test 

The tape control tests one of 31 different conditions (hardware status) when it 
encounters a Branch on Condition instruction. 

The Branch-Test circuits decode bits 3-7 of the instruction to determine which of 
the 31 conditions to test for. 

Skew Buffers (SKB) 

The Skew Buffers receive the data from tape and pass it on to the 0 Register to 
be stored in LSR by the microprogram. 

Examples of Operations (See Tape Control Data Flow Diagram) 

A" the functional units work together, under control of the microprogram to 
execute an operation. Some microprogram instructions cause operations within 
the tape control while others cause the transfer of data or control information to 
the system or tape unit. 

Add 

An example of an operation within the tape control is an ADD instruction. Bits 
0-3 contain the Op code, bits 4-7 contain the address of the LSR, and bits 8-15 
contain the constant to be added. 

1. The LSR addressed in bits 4-7 is transferred to the B Bus. 

2. The constant (ROS 8-15) is ORed with the contents of the A Register and 
placed on the A Bus (the A Register contains zeros unless it was loaded by a 
XFR instruction since the last logical operation). 

3. The ALU arithmetically adds the A Bus and B Bus. 

----,---------
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4. The sum is transferred to the 0 Register where it remains until the next 
logical, Transfer to LSR. or store operation. 

5. If the instruction is not a modified ADD (bit 3 is off) the sum of the inputs is 
written into the LSR addressed by ROS word 4-7. If the ADD is modified (bit 
3 is on), the sum is not written in LSR, but remains in the 0 Register and on 
the 0 Bus. 

Transfer (XFR) 

An example of an instruction which transfers data from subsystem to system is a 
XFR to Attachment Bus In (AB!). The ROS word contains a XFR op code in bits 
0-2, the LSR address in bits 3-7, and the transfer code which designates the ABI 
in bits 8-15. 

1. The LSR addressed by bits 3-7 is read onto the B Bus. 

2. The B Bus is gated to the AB!. 

Data on the ABI is transferred through the attachment to the system. 

There is one XFR instruction, but 24 different transfer codes that can be used in 
bits 8-15. See the microprogram listing for a complete list of the transfer codes. 

Read Data Flow 

The system sends a read command. The tape control checks the status of the 
selected tape unit and starts it moving tape if status is good. If the tape unit is 
starting from load point, the tape control determines the format of the tape (PE or 
NRZ!). PE format is indicated by a burst of P bits 4.5 inches long; NRZI by a 3 
inch erased gap. The tape control sets the tape unit to the proper mode to read 
the tape. 

The tape control checks for the first DATA READY indication. On a PE tape this 
comes after the forty all-zero bytes. On a NRZI tape the first DATA READY 
comes when the first byte is read. The microprogram transfers the byte from the 
Skew Buffer through the 0 Register to an LSR. As data ready occurs for each 
data byte read, the parity of the byte is checked on the 0 Bus before it is stored 
in an LSR. 

Normal SERVICE IN, SERVICE OUT sequences accompany the transfer of each 
byte to the system. A XFR to ABI and a SERVICE IN send the byte to the 
attachment. A SERVICE OUT indicates the system accepted the byte. 

End of Data 

In PE mode the tape control decodes END OF DATA when the tape unit reads an 
all-ones byte followed by two all-zero bytes. 

In NRZI mode the Inter-Block Gap (lBG) signals the end of the data block. 

When np more data is to be read the tape control stops the tape unit and sends 
status to the system. 

(- C 



Tape Control Data Flow 
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Error Checking 

The internal operations of the tape control are monitored by error checking 
circuits (hardware) and the microprogram. When an error is detected, by 
hardware or microprogram, a bit is set in the Hardware Error Byte. Tape Control 
places the error byte on the ATTACHMENT BUS IN. The system must then execute 
a Sense instruction to fetch the error byte. The byte is then analyzed for 
diagnostic and error recovery purposes. The error byte remains on the interface 
until reset by the system. 

Bit 7 of the Hardware Error Byte is used to distinguish between hardware 
detected and microprogram detected errors. If bit 7 is a zero, the error was 
hardware detected. If bit 7 is a one, the error was microprogram detected. 

Hardware Detected Errors 

When a hardware detected error occurs, all tape control operations stop and the 
appropriate bit is set in the Hardware Error Byte. The errors are listed in the 
accompanying table. Manual intervention is required to restart after an error is 
detected. 

ERROR SUMMARY 
HARDWARE-DETECTED 

Error Cause 

Instruction Incorrect update of Instruction Counter by a 
BOC, BU, or XFR to IC instruction. 

Transfer Error Incorrect decode of a Transfer (XFR) 
instruction code. 

L Incorrect update of Page Register by a 
BU instruction. 

ALU Card Error 2. More than one Branch Condition 
decoded on a BOC instruction. 

3. B-Bus parity error. 

ROS Parity ROS Word has bad parity. 

Result 

Tape Control stops all 
operations. 

Manual intervention 
required to restart. 

--- ----

('" 
/ 

C: ( c ( ( 
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Microprogram Detected Errors 

The microprogram continually checks for errors. Any errors detected by the 
microdiagnostics and during the selection sequence will stop the microprogram. A 
reset from the system is required to restart. 

An error detected during a data operation is stored until the end of the operation 
and presented as sense information. 

Note: Because there is no maintenance panel on the subsystem the only 
indication as to what the error is will come from running the diagnostic programs. 

ERROR SUMMARY 
MICROPROGRAM-DETECTED 

Error Cause 

Internal micro-diagnostics detected an ALU failure. An 
ALU FRU Error AND, ORI, ADD, or XO instruction could not be 

executed correctly. 

Instruction Internal micro-diagnostics could not update the 
Counter Error Instruction Counter with an XFR to IC instruction. 

ABO Parity Error 
Bad parity detected on Bus Out when Address Out or 
Command Out tags were active. 

A Control Tag (Address Out, Command Out, or Service 
Attachment 
Control Tag Error 

Out) remained active after being reset by the 
microprogram. 

Instruction Tag 
After the Subsystem was selected, no instruction tag 

Error 
(lIO, SID, or SNS) was found active, or two tags were 
found active, by the microprogram. 

VRC Erro~ 
The microprogram has detected (on the 0 Bus) bad 
parity in a data byte read from tape. 

Bus Out Check*t 
Microprogram has detected (on the 0 Bus) bad parity in 
a data byte from CPU. 

* 

I t 
These errors do not set any bits in the Hardware Error byte. 

This error is a Channel Data Check on System/370 Model 125. 

Result 

Microprogram hangs 
waiting for a Check 
Reset from System. 

Tape operation does 
not stop. Errors are 
presented at thEi end of 
the operation. 

c (~ (-
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Read Data Flow (Simplified) 

p 
0 

PE 
Tape Unit Detect SKB 
Bus In Circuits 

~ : \ 

",--)I 

Tape unit data is loaded in the SKB 
as received. Read detection is not 
necessary. Each flux change causes 
a one to be loaded into the SKB. 

TU 
Bus In 

Ones Data .n-nr-L.. 
to SKB 

00 

7 

Tape unit data is sent to the read 
detection and a pulse (ones data) is 
produced for each one bit detected. 
The data is gated to the Skew Buffer 
(SKB) by a Read In Clock (RIC). 
The RIC is stepped by a pulse 
generated in the detection circuits. 

00 0:· 
" " o 

p 

0 

7 

Test for Data Ready 

0",:" .: ~. 

a. If data is not ready, wait until 
it is. 

b. When data is ready, transfer it 
to LSR via the 0 Register. 

• 

o 

0 
Reg. 

.-

,/, 

\, 
. ../ 

o Bus 

LSR 

32 

Transfer the data byte from the 
o Register to the LSR. 

Parity of the data is checked at 
this point. 

0 10 ",--y 0 0 

Attachment 
Bus In 

0 

Transfer the data byte to ATTACHMENT 
BUS IN (AB!). Activate SERVICE IN to 
the Attachment. 

2. The Attachment responds with 
SERVICE OUT to accept the data byte. 

3. If the Attachment does not respond, 
Overrun is set and the subsystem goes 
idle. 

• 

0 "\ ~ ;,-", 

~) \ 

\ ./ 
, 

\ ) 0 0 0 0 C 
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Write Deta Flow (Simplified) 

( ( ( 

OR 

ABO 

The subsystem receives write data from 
the attachment. 

The subsystem resets SERVICE IN to 
acknowledge receipt of the data byte. 

( f (/ ( 

o 
Reg 

p 
o 

The data byte is parity checked on the 
o Bus. 

a. If parity is good, the data byte 
is stored and the next 'byte 
requested. 

b. ·If parity is bad, the byte is stored 
and the tape control sets Bus Out 
Check. The write operation 
continues. 

Data is sent over the B Bus to Tape Unit 
Bus Out. 

The data is read back to verify that it 
has been written correctly. 

If written incorrectly, VRC error is set, 
but writing continues. 

c c ( c 



Eight-Stage Shift Clock 

• The clock supplies timing pulses which control the operations of the tape 
control. 

The clock is capable of two cycle lengths (150 n5 and 200 n5). All 
operations except BOC, ADD. and XFR to IC use a short cycle. 

Ons 

·ct G PH 
Osc 
20.48 
Mhz 

25 ns 

-
PH 

-.... 1 /-
, 
r 

I , 
, 
I ..... r- -r-

Active on 
BOC or ADD 150 ns 

~ PH 
~ ROS Reg 1 and 2 

A 

Degate Step IC OR 

j FAOO2 
175 ns 

Active on L.....-

~ XFR to IC 

PH 

FCOO3 

A*OR 
0-50 e 
25-75 e 
50-100 E) 

75-125 0 

100-150 0 

125-50 e 

150-200 0 

,~\ 
V OJ C) 000 00 o 

Short 
Cycle 

o () 

The 125-50 clock pulse degates the transfer of the ROS Register to the Transfer 
Decode circuits. and the transfer out of LSR until 50 nanoseconds after the 
beginning of the clock cycle. The duration of the 125-50 clock pulse is 75 
nanoseconds during a short cycle and 125 nanoseconds during a long cycle. 

Osc G 
0-50 0 
25-75 e 
50:"100 E) 
75-125 0 
100-150 8 125-50 

150-200 0 

OOOO() 0'" .. . C) 000 o c 
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Instruction Counter (lC) 

II The Instruction Counter (lC) contains the ROS address of the next program 
step to be executed. 

If no branch or transfer (XFR to IC) instruction is decoded, IC is 
stepped by one 0 at the beginning of each instruction cycle. 

If a branch or XFR to IC instruction is decoded, IC is reset e and then 
reloaded e later in the cycle. 

II A faster update of IC is possible by having look-ahead increment ~C 9-15 
during the instruction cycle. When IC is stepped, positions 8-14 are set; 
position 15 is complemented. 

II The Page Register contains the high-order bits of the Instruction Counter. A 
page is a block of 256 addresses within the microprogram. The only way to 
change pages is by an unconditional branch instruction. 

Instruction 
Counter 
Value 

9 through 15 

III III 1 

o 1 111 1 1 

--
o 0 0 0 0 0 1 

o 0 0 0 0 0 0 

-I-

Instruction 
Counter 
Look-Ahead 

-I... -~ 

X = Bits that remain unchanged. 

step 8 through 

Complement 15 

step 9 through 
Complement 15 

step 14 

Complement l~ 

Complement 15 

14 

14 

( ( 

Results in 
Instruction 
Counter 

8 through 15 

10000 0 0 0 

X 1 0 0 0 0 0 0 

...... 

X X X X X X 1 0 

X X X X X X X 1 

-L... 

Ta e Control 7 

(, 

Update 
Lookahead 

~ 

. • 

9 

15 

(
--~ 

... ,./ 

Instruction 
Counter 
Lookahead 

8 

14 

FC007 

c 

RDS Reg. 4-7 

BU 

RDS Reg. 8-15 or B Bus 0-7 

e Branch or XFR to IC 

Step 
Instruction o Counter 

Reset 
Instruction 

.,. Counter 

Instruction Counter 9-15 

c 

II 
4 

X1 
I 

7 

II 

~ 
81 

I 

x-

14 

I 
151 

(High-order 
Instruction 
Counter) 

Page 
Register 

FAOO8 

Instruction 
Counter 

.. ~ 

c c 

Page Bits 4-7 

To RDS Address 
Register 

PC 

Instruction 
Counter 8-15 

To RDS 
Address 
Register 
& ABI 

FCOO8-FCOO9 

( 

, 

\ 
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Read Only Storage (ROS) 

Read Only Storage (ROS) contains the microprogram which controls 
subsystem operation. 

The capacity of ROS can be up to 8K (8,192) 16-bit words. Capacity 
depends on system attachment and installed features. 

XFR B Bus to IC 

I 
_BBus ••• X 

0-7 

Step IC 

Unconditional Branch (BU) 

/ 
Page Register 

ROS 
(PEl 
2K 

ROS 
(NRZll 
2K 

~ 
Page Reg. 
(4-7) 

0000 

0111 
1000 

1111 

Page 
Selected 

0 

7 
8 

15 

~ __ "_\o-15,PO,P11 ___ • 

BOC or BU 

I 

ROS 
Reg. 

o 
L- ..... ---To instruction 
~ decode. 

4 

7 
8 

15 

.. ~ ............... ~ .... -X--------" 

,4"'''~ ,...,..""'. .,c~ 

Vi I i 
',..;/ ",,--,Ji 

1. The ROS word is addressed by the Instruction Counter (lC) which contains ~ 
the low-order address. and a Page Register which contains the high-order 
address. 

2. During Logical operations the IC is stepped by one for each instruction 
executed". 

3. During BU, BOC (when condition is met), and XFR to IC instructions, the 
contents of IC are replaced by ROS Reg 8-15 (BU & BOC) or the B Bus 
(XFR). 

4. The contents of the Page Register are replaced by ROS Register 4-7 only 
during a BU instruction. 

~ (''-, J C) 0 0 0 0 0 iJ ~) 0 0 
"t 

~ 

0 r',. ~ 0 0 0 (1! 0 0 CJ r C) \~ ~ 
, 

\..j \ , ,. "LJ! 0 0 C) 0 
('-
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Local Storage Registers (LSR) 

Thirty-two 1 byte registers (eight bits plus parity). 

Provides storage for control information and data. 

See microprogram listing for allocations. 

Low LSRs Registers 0-15. 

High LSRs Registers 16-31. 

Instructions affected by pre-set high/low selection: ORI, XO, AND, and ADD. 

Instructions not affected: STO, XFR, BOC, and BU. 

A Transfer LSRs with bit 3 on sets a PH (FB002) to select high LSRs, while bit 3 
off selects low LSRs. The affected instructions use the selected LSRs until 
another Transfer LSRs changes the selection. Unaffected instructions use bit 3 of 
their Operations Code to select high or low LSRs. 

Select High Or Low 

ROS bit 4 

ROS bit 5 

ROS bit 6 

ROS bit 7 

Address 
Decode 

Write into LSR 

(not ROS 0 and 3) 

•••• (32 lines) ••• 

SetDReg.- - -l rr:-l 
II ::= --X=::=U~~S=_D.BU.S • 
I I 
I I 

LSR 
FB002 
A1P2 

32 
Registers 

The logical operations (ORI, AND, XO, ADD) have bit zero on as part of the 
operations code. If the operation is of the M type (Modified - See ALU), bit 3 is 
also on, preventing Write into LSR. 

Store and Transfer also write into LSR and have no bit 3 option to prevent this. 

Write into LSR timing: 

ADD - 150-200 nanoseconds 

OR!, AND, XO, STO, XFR - 100-150 nanoseconds 

XFR 21 

~-- A 
Reg A Bus 

ALU , / , / 

- - .:-:.:-::===-=_:'"_=:=:..=::.=:..=====:::.:.::._----- - ---====-----



Arithmetic Logic Unit (ALU) 

ALU executes the logical operations called for by the microprogram. 

ALU can OR. Exclusive OR. AND. or ADD two bytes of data. 

One of the bytes is located in an LSR selected by the instruction; the other is . 
a constant contained in Field 2 of the instruction. or in the previously loaded 
A Register: 

The ALU executes the operation under control of the operation code (bits 0-2 
of the instruction). -----,..--

With bit 3 of the instruction off (normal instruction). the result of the 
operation. on ALU BITS OUT. is set into the 0 Register and then put into the 
selected LSR. 

With bit 3 of the instruction on (modified instruction). the result on ALU BITS 
OUT is set into the 0 Register. but original contents are retained in LSR. 

The microprogram tests the result on ALU BITS OUT using 
a BOC instruction. 

ROS Reg. 
Bits 8-15 

·rr:-l 
--I I Reg. I rr= -=--1 I ;= 

: I U __ J 
I ; B Bus _____ ----1 .. ___ _ 

------.--11--
ROS bits 0 & 2 on 

no no OR 
no yes AND 
yes no ADD 
yes yes XOR 

Set 0 Register 

ALU 

A1P2 

FA013 

ALU bits out ---X-
I 

o 
Reg. 

~=] 

I ; ____ :=~ ___ -_-_-_~D~B~U~S-==== ___ ~~~---_-_-_-_-___ ~~:------___ -_-_-___ ====-----_-_-_-____ -_-_----------~. I 

o 000 000 00 o OOOOOOC) o 00000 c 
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PE . Read Detection and Skew Buffer. 

-Allow Envelope Loss 

Hi Degate Trk (x) 

-Data Sensed 

• Data Transition Gate 

T 
G 

Read Bus 

04:} 
8 T 

he DATA TRANSITION 
ATE TRK (X) signal ensures 

hat only the flux changes 
ritten at bit shift time are w 

nterpreted as data. 'this 
s ignal enables the Variable 
Frequency Gated Clock 
(VFGC) for 28% of each bit 
cell (spanning bit shift time). 
(See PE Read Data Flow 
and Error Correction.) 

u 
LJ 

U 

U 

A 

L 
PET 

N Reg, 

FL ... 

-PI; 
4 usee 

~--: - SS 

OE ... 

---- ---"e 

~ 
1st Ones 

FL 

... 

(not) Force Trk (x) I 

~ 

LJ L.J 
U U 

U U 
U U 
U U 

( 

Phase Error 

Trk (x) 

( c ( (~ .. \ 
. / 

The 'Squelch Trk (x)' signal initiates a new ramp signal from which the 
'Data Transition Gate Trk (xl' and 'Phase Error Trk (xl' signals are generated. 

Squelch Trk (x) 

-;;:-!! 
-

c 

A 'Ones Data Trk (xl' signal is generated for each one bit r 
Ones Data Track (x) 

• ... ~. ~- SKB 
1 

... A RIC A I-- I---
1 .. ... ----
~- SKB - 2 

RIC A I-- I 2 ..... .... --- I-X 
~ X -• A Step RIC Trk (x) 

- .... - SKB -.J 
X 

I 
_. 

RIC A I--
3 X 

3 .. ---- SKB 
A STEP RIC TRK (X) signal is - 4 
generated for each bit read RIC A -
(after the 1st Ones latch is 

4 .. 
set). -

['T2T3T41 

( 

ead. 

OR 

ROC 

The 'Force' lignal resets all RiCo to OFF and ROC to 4. 

U 
LJ 

U 

U 
U 

Tape Control 11 
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To the 0 Register 

NOTE: See "Skew" 

-=Le:::a:;::d::;in:li!g...:T..:.:ra~c:::.k_ ...... [] 

\ Tape Motion 
Beginning Zeros 

Leading SKB ' ______ ~~~~~~--~------L-~~--L---------------
2--------~--~~~---r----------------~---
3 __ ,-~--~-----J~~?-~--~----------------­

The first byte causing 'Data Ready' --~4~_.L...,;';"_-If---.---r-.J..-r--+----.--------­
(beginning ones marker) is loaded into SKB4, 

OFF 4 

A BOC on 'Data Ready' 
causes a XFR SKB. 

1 

Step ROC (25-75 nsec of second 
instruction following the XFR SKB) 

2 

• 
~I 
I 
I 
I 

;1 

I 

3 i + , 
I , 
I 

;1 1 I 2 
t 
I I 
I I 
I I 
I 

I ;2 I ~3 
I I 

rn I 

lID 

I I 

1 t ; t 
I 
I 
I 

3 ~ 4 ~ 1 ;1 2 

I I I 
I , I , I I 

Ii I ~ I ~ 
I I I , I cd 

lID 

Reset SKB 
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PE Read Data Flow and Error Correction 

This figure assumes a read operation ayvay from load point. 

II 
B 
II 

II 

The tape control receives data from the tape unit on TAPE UNIT BUS IN 
(TUBI). 

The microprogram tests parity of each byte and corrects those with phase 
errors. 

The microprogram buffers three data bytes in LSR to provide effective 
in-flight error correction, and a means by which to detect End of Data. 

The microprogram activates SERVICE IN to indicate a byte is on ATTACHMENT 
BUS IN (ABI). 

To prevent transferring the preamble,·SERVICE IN is not activated until the 
first three data bytes are stored in the LSR. 

The attachment responds with SERVICE OUT to indicate it has received the 
byte. 

Test for data ready (data in SKB). 

Transfer Rb to Rc, Ra to Rb, and SKB to Ra. 

Test parity of the byte transferred to Ra (on the 0 BUS). Good parity (odd) -
set P-bit stat to a 1. P-bit stats are LSR bits used for storing the parity 
status (odd or even) of each data byte until the byte is shifted into Rc, where 
correction is possible. P-bit stats are set to one to indicate odd parity and to 
zero to indicate even parity. 

Bad parity (even) - see In-Flight Error Correction II 
Test P-bit stat to see if the byte in Rc needs correction iii 

P-bit stat for Rc 0: see In-Flight Error Correction III 
P-bit stat for Rc 1 (byte in Rc is correct): continue to" 

Test bytes in Ra and Rb for all zeros. 
Ra and Rb all zeros: see End of Data. 
Ra and Rb not all zeros: continue to iii 

iii Transfer Rc to ABI. 

II Subtract one from byte count. Continue to .. 

f"'-~ .~. ~~" .. ~. ~ f'\ J r) 0 0 1,--; V \,--~ ., y \.,j ~- 0 

A phase error sets bits corresponding 
to the track in error. 

II 

Phase Error 

o 

Phase 
Error 
Track 
Reg. 

Ra Rb Rc PE 
Read 
Detect 

SKB 
0-3 Register o Bus 

..... I11III 

LSR 

0 0 0 0 0 r"" C) 0 0 ""/ 

In-Flight Error Correction 

II Parity is bad on the 0 Bus. 

1. 
2. 

Set clipping levels to mid-range. .• 
Leave P-bit stat for the bad byte (Ra) zero. Continue to 

II P-bit stat for the byte in Rc is zero. 

1. Test for bits in Phase Error Track (PET) Register. 

a. Any bit on: XO PET and Rc to correct the byte. Continue to II 
b. No bits on: The byte cannot be corrected. Set VRC error in Sense 

Byte O. Continue toll 

B Bus 

0 

ABI 

End of Data (a byte of ones followed by two bytes of zeros) 

Ra and Rb are all zeros. 

Test Rc for all ones. 

A. Rc is all ones (end-of-data sensed). 

1. Test for wrong length record. 
2. Test PET for: 

a. No phase error or in only one track. This is a .normal end. A phase 
error in only one track indicates in-flight error correction was 
successful. 

b. Phase error in not all but more than one track. Byte is uncorrectable; 
set Envelope Check and Multi-Track Error in Sense Byte 5. 

c. Phase error in all tracks. Byte is uncorrectable; set Envelope Check 
and Multi-Track Error in Sense Byte 5. 

B. Rc is not all ones. Continue to iii 

0 0 0 0 () 0 0 0 0 '~y 
., 

. '. I ~'- > " . t 0 
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Write Date Flow and Read-Back Check 

This figure assumes a write operation already in progress. 

The tape control requests write data by activating SERVICE IN to the 
attachment. 

The attachment activates SERVICE OUT to indicate a byte is on ABO. 

The microprogram sends the data byte to the tape unit to be written. 

The tape unit reads back the written data and the microprogram checks for 
parity errors. 

The microprogram tests for SERVICE OUT, gets the data byte from ABO, stores it 
in LSR and resets SERVICE IN. If SERVICE OUT is not active when tested, the 
microprogram sets an overrun error. 

ABO 

The Microprogram 

1. Tests parity of the data byte. 

2. Subtracts one from the byte count in LSR. 

3. Activates SERVICE IN if the byte count is not zero. 

4. Loads the write data into the TUBO register 

Gate Write Data 

(XFR 41 or 42) 

(sets up for flux reversal at Bit Cell Boundary). ---. H rd a ware 

® Generates GATE BUS ·OUT from GATE WRITE DATA 
and write oscillator. Flux reversals are written on 
tape at Bit Cell Boundary time when data is 

6. Waits for XFR WRITE DATA clock. 

7. Loads inverted write data into the TUBO register. 
(Sets up to write the data byte.) 

transferred to the write triggers. (These flux reversals 
are not data.) 

Generates GATE BUS OUT which writes the data byte 
on tape (FIl\X reversals at Bit Shift time-- See Phase 
Encoded We-ite). 

Tape Control 13 

( 

Bytes transferred to 
write triggers. 

( ( (- C~: C: 
-- - ------- ------

C (~ (~ (~ C 

::;,::,:ri~ f: 1 f I liE I 1 I I 1 I( t 
I I I I I I I I I I I I i I I I I I I 

Key: -B- actual byte 

.inverted byte 

TU Wrt 
Circuit 

®®®®®®®®®®®0®®0®0®® 

READ BACK 

Read 
Pre-Amps 

The Microprogram 

................ PE 

® Tests for data ready (data in SKB). 

10. Transfers data (when ready) to LSR. 

11. Tests data parity. (If parity is bad, set VRC.) 

SKB x D 
Reg. 

LSR 

(- ( 
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Sense Data Flow 

System/3 

For each sense command the Tape Control sends two ,of the eight available 
sense bytes to Attachment Bus Out (ABO). The odd-numbered byte is sent 
first, then the even byte. 

Each sense command is accompanied by a Q byte from the attachment. 

Tape Unit sense bytes 0, 1, and 2, stored in the tape unit, are used as 
subsystem sense bytes 2, 4, and 6. 

If sense bytes 6 and 7 are sent to ABI, the Tape Control updates the tape 
unit status. 

The sense bytes are not parity checked, but proper parity is assigned before 
the bytes are sent to the attachment. 

(The tape unit does not have to be ready.) 

System/3 

.. The Tape Control selects the tape unit, using the address bits in the Q byte. 

• The Tape Control decodes the N field of the Q byte to determine which two 
sense bytes are requested. 

II The odd-numbered sense byte is sent to ABI first (from LSR). .. If the requested pair of bytes includes 2, 4, or 6, the Tape Control requests it 
from the tape unit (Subsystem sense bytes 2, 4, and 6 are kept in the tape 
unit). 

II The Tape Control sends the even-numbered sense byte to ABI when the 
Attachment accepts the odd-numbered byte (indicated by Attachment 
activating SERVICE OUT). 

() () 0 000 000 

XFR SKB to LSR 

III 
TUBI SKB 

-<<< TUBa ~ 

System/360/370 

For each sense command the Tape Control sends nine sense bytes to the 
System. 

• Tape Unit sense bytes 0, 1, and 2 are used to assemble the subsystem sense 
bytes sent to the System. 

• The sense bytes are not parity checked, but proper parity is assigned before 
the bytes are sent to the System. 

XFR LSR to ABI 

II 
LSR X-i ABI 

t-( ABO r<~ 
Qbyte 

xxx !II !!!!!! 

( 

System/360/370 

The Tape Control selects the tape unit. 

II The Tape Control sends status to the System . 

.. The Tape Control gets tape unit sense bytes 0, 1, and 2 from the tape unit. 

The Tape Control assembles nine sense bytes, using tape unit sense bytes 0, 
1, and 2, and information stored in the LSRs. 

II The Tape Control sends sense bytes 0 through 8, one at a time; to the 
System. 

00 0000000 o 0, ", O~ 0,", 
.' ".,' " o o c 
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Power Control and Distribution 

All power supplies are located in the 3411. 

Filtering for the 15 volt supplies is located in each 3410. 

No power sequencing is provided. 

The power system generates the power-on reset for the tape control and all 

I 
tape units . 

I ·4VDC 

• 
_p_o_w_e_r_O_f_f .... I---------------+-~S To Control 

• FlIOlS'!!t Unit Gate 

Power-on Pushbutton ---- --- -.., 
.... --,~ I AC Connectors 

(- (-

File Protect 
Switch Common 

[!] 

C 41VAC 
to Meter 
(3410) -L 

:.EP:..;O:...;:Co:;::.:nt.::,r.::ol:..-_O 
(local) ~ I cr-_~---~------------------_4~J-1~throU9Lh-J-6--------__ _.--------~ r To: 

Read/Write 
Power Pick 
(remote) 

When connected to a System/3. 
the subsystem has no local power 
control. Power is turned on and 
off from the system. 

The Power Off Reset is generated 
by the power system and occurs 
during a normal power off or 
emergency power off. 

Single-phase Fan and 

~ a ~~ 

41VAC 
to Meter .... 1-----' 
(3411) 

To Control. 
Unit Gate 

·15 VDC 
+15 VDC 

YG110 

+5 VDC 
(adjustable) 

YG110 

·4VDC 
(adjustable) 

YG120 

+6VDC 
(adjustable) 

YG110 

DC Connectors 
J21 through J26 

Power Supplies 

(Pin 11) ---_.--1 

(Pin 3) 5V. 6V 
(Pin 4) Common 

(Pin 1) __ ~~ .......... 
(Pin 2) 

(Pin 7) ___ _.--1 
--- (PinS) 

(Pin 5) -.,;.15;;,.V:..-._.-... 
(Pin 6) Common 

(Pin 9) 
(Pin 10) 

-15VDC 

15V 
(Pin 12)--'Co~m-mo-n---I 

YG125 

---- ------------~----------------- -------------------- -----.--------~ 
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Read/Write 
Package 

See 'Read/Write Package' 
in Tape Unit Section. 

EOT/BOT 
Read/Write 
TB4 

~ 

Tach 
Assembly 

TB1 

TB1 locations are connected 
to component locations by 
jumpers. The number keys 
indicate which TB1 locations 
supply voltages to each 
component location. 

15V 
Filter 

15V 
Filter 

VacuumTB5 
(relay coil) 

[jJ 

Operator 
Panel 

Logic 
Board 

II 
III 
II 
Em 

D 
II 
m 
II 
III 
1m 
1m 
1m 
am 

Read/Write 
Deskew Board 

II 
m 

Motion 
Control 
Board 

e 

(' ( 

-~~-=---- ..... ---
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Microinstructions 

Microprogram 

A microprogram controls operation of the tape control. and controls the tape unit 
over the tape unit interface. The microprogram is permanently stored in Read 
Only Storage (ROS). It consists of instructions arranged in groups or routines. 
each routine instructs the tape control to do a specific task. Instructions are 
executed. one at a time. until the task is completed. 

The following instructions are used in the microprogram. 

Basic instruction format is: 

(ROS WORD) 

Op Code I Field 1 I Field 2 

o 3 4 7 8 15 

Op Code: The instruction to be executed. 

Field 1 and Field 2: Contain data necessary for execution of the Op Codes. See 
the specific instruction in the following figures. 

OpCode Field 1 Field 2 
Instruction (hex) Contains Contains 

Branch On Test LSR 
Condition (BOC) 2 Condition** Address 

Branch High ROS Low ROS 
Unconditional (BU) 60r 7* Address Address 

Logical 
ADD. A LSR Address Constant 
ADDM B LSR Address Constant 
AND C LSR Address Constant 
ANDM D LSR Address Constant 
ORI 8 LSR Address Constant 
ORM 9 LSR Address Constant 
XO E LSR Address Constant 
XOM F LSR Address Constant 

Store (STO) 0 LSR Address Constant 

Transfer (XFR) 4 LSR Address Location * * 

* Use Op Code 7 to access the ROS Test Card. 

* * See Appendix B for Test Conditions or Transfer Codes. 

o 000 

Branch On Condition (BOC) 

or latch for A Branch on Condition instruction tests a ·condition (the state of a tag 
example) and if the condition is met, branches the microprogram to an 
within a page. (A page is a block of 256 addresses. See "Read Only S 

. address 
torage" 

and "Instruction Counter.") 

0 I 3 

Op Code 

I 
Instruction . 
Decode 

4 

ROS 

I I 
7 8 • 15 

Test Cond I Branch Address I 
II 

I Bit 3 II 
Branch 
Conditi 

on 
on 

Branch 
Test 

II. ROS bits 3-7 contain the branch condition code to be tested (one of 32 pos sible I 
conditions). 

II If the branch condition is met. the address in ROS bits 8-15 is transferred in to 
the low-order Instruction Counter (lC). 

If the condition is not met. no transfer is made and IC is stepped normally. 
next sequential instruction is executed.) 

(The 

The Page Register (high-order IC) is not altered by a BOC instruction. 

EXAMPLE: 

Op 

I Code 
(BOC) 

o 

I 

I 
AND 

I 

Branch Condition Met 

Field 1 
(Br Cond) 

i 
Low-order 
Instruction 
Counter 

ROS 
Address 
Decode 

Field 2 
(Address) 

10 o 1 (x) 0 0 1 1 0 0 0 0 0 1 1 1 

000 00 

Test condition 03 if 
bit 3 is off: condition 
13 if bit 3 is on. 

Branch to this address 
if the condition is met. 

In a microprogram listing this appears as: 

2307 

3307 

300000 

BOC DBUS.ADDR 
or, if bit 3 is on: 

BOC DREG3,ADDR 

C) 

Branch on D Bus parity 

Branch if D Reg 3 on 

oooooc 
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Branch Unconditional (BU) 

A Branch Unconditional instruction branches the microprogram each time it is 
executed. 

ROS bits 4-7 are transferred into the Page Register (high-order Instruction 
Counter)., and ROS Bits 8-15 are transferred into the low-order Instruction 
Counter (lC). 

ROS 

4 7 

High Adr 

'-------X-------X 

Page Register 
(High-order IC) 

A BU operation is the / 
only way the page register . 
can be altered. (A page 
is a block of 256 addresses. 
See Instruction Counter.) 

EXAMPLE: 

Field 1 
Op 
Code 
(BU) (Page Adr) 

o 3 4 

10 1 1 I 0 0 0 1 

,I. 
1 I 0 0 1 

ROS 
Address 
Decode 

Field 2 
(Low Adr) 

0 0 1 

Branch to this address unconditionally. 

In a microprogram listing this appears as: 

Low-order 
Instruction 
Counter 

15 

0 q 

6325 
7325 

BU ADDRESS 
BU ADDRESS 

Branch to ADDRESS (325) 
(ROS Test Card) 

( ( C-' 
, . ~ 

(. ' '. ( (0 

Logical Instructions (AND. ORt. XO. ADD) 

The ALU uses the A Bus (ROS 8-15 ORed with the A Reg) and the B Bus 
(addressed LSR) as operands to execute a logical ,instruction. The result is placed 
on the 0 Bus. 

• ROS 8-15 is ORed with the A Register to provide the A Bus operand. If ROS 
8-15 is to be modified, the A Register is loaded with a constant by a previous 
instruction. 

II 

The LSR addressed by ROS 4-7 provides the B Bus operand. Selection of high or 
low LSR depends on the last use of Transfer Code 05 (See "Local Storage 
Registers. ") 

ALU executes the logical operation as directed by the instruction decode of ROS 
0-3. The result appears on ALU BITS OUT and is loaded into the 0 Register. 

.. Normal logical operation (ADD, AND, ORI, XO): 
The result is stored in the LSR addressed by ROS 4-7 and remains in the 0 
Register until the next logical instruction or store. 

Modified logical operation (AOOM, AN OM, ORM, XOM): 
The result is not stored in LSR, but is held in the 0 Register until the next 
logical instruction or store. See "Arithmetic Logic Unit (ALU)." 

ROS 

LSR 

A 
Reg 

( 

A Bus 

D Bus 

AND,ORI,XO,ADD 
'II 
/ 

/ • 
ALU Bits Out 

\ 
AND,ANDM,ORI.ORM,XO,XOM,ADD,ADDM 

EXAMPLE: 

10 
Op Code 

314 
(ADD) 

2 

l' 0 1 (x) 0 

Field 1 

,I. Field 2 
(LSR Adr) (Constant) 

0 0 1 I 0 0 0 0 0 0 1 

Add contents Qf LSR addressed by Field 1 to the 
constant in Field 2 and store result in LSR if bit 3 
is off. 

In a microprogram listing this appears as: 

A102 

B102 

ADD R1X02' Add 2 to LSR1 
or, if bit 3 is on: 

ADDM R1,X'02' Add 2 to LSR1 

15\ 

0 

c 
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Store (STO) 

The constant in ROS 8-15 is stored in the LSR selected by ROS 4-7 (modified by 
ROS bit 3). The constsnt also remains in the 0 Register until replaced during a 
subsequent instruction. 

(All Zeros) 

Bit 3 off: 
RDS 8-15 is stored 
in the low LSR 
(0-15) selected by 
RDS4-7. 

Bit 30n: 
RDS 8-15 is stored 
in the high LSR 
(16-311 selected by 
RDS4-7. 

STO 

EXAMPLE: I Op Code Field 1 
(STO) (LSRAdr) 

o 2 3 

I 0 0 0 I (x) 0 1 1 

LSR 

71 
Field 2 
(Constant) 

8 

o I 1 1 1 0 

A 
Reg. 

o 
Reg. 

0 1 

I, Select LSR6 if bit 3 t 
~s off; LSR22 if bit 3 Store this constant into 
IS on. the addressed LSR (6 or 22). 

In a microprogram listing this appears as: 

1 

06E7 

16E7 

STO 

STO 

R6XE7' Store 'E7' in R6 
or, if bit 3 is on: 
R22XE7' Store 'E7' in R22 

t""~ I'~ 
\,3' ~y 

;r'~ , I 

\_f () r'j 0',' v...Y 

DR 

151 

1 

000 

Transfer (XFR) 

• A Transfer instruction causes: 

A. A data transfer from one internal location to another, or: 
B. A pulse to set or reset a specific latch. 

II ROS 8-15, when decoded, selects the specific transfer operation. 

• The example shown (XFR IC) transfers the addressed LSR to the low-order 
Instruction Counter (lC). The Page Register (high-order iC) is not changed by the 
transfer instruction. (A page is a block of 256 addresses.) 

Note: If Bit 8 is on, 
data is transferr,d into 
the LSR; if Bit 8 is 
off, data is transferred 
from the LSR. 

ROS 

4 7 

LSR Adr 

ROS 
Address' 
Decode 

(Transfer) 
~------~-------------X 

Transfer instructions 
addressing LSR use bit 3 
to select low LSRs (off), 
or high LSRs (on). 

XFR 

LSR 

Transfers instructions 
which address LSR 
transfer: 
From a reg or bus 
into selected LSR. 

....... or --.... r---~ From selected LSR 
into a reg or bus. 

B Bus 

XFRIC 

• AND 

D 
1!I======E=~=m==PI=e=:================~ 

Data is transferred from an LSR to IC. 

0', 0' 0' ., ,': ., I" 00 

I Dp Code 
(XFR) 
o 

I Field 1 I Field 2 
(LSR Adr) (XFR Code) 

2 3 4 7 8 

I 0 1 o I (x) 0 0 1 1 I 0 0 0 0 0 o I 

I Transfer LSR3 (or LS~19) to the Instruction Counter. 

In a microprogram listing this appears as:' 

4322 XFR R3,I.C Transfer LSR3 to IC 
or, if bit 3 is on: 

5322 XFR R19,IC Transfp., LSR19 to IC 

O 0 0, 0- 0" O' C'''' ", .; 'i, ,: ":'" .) o 0000 
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Microprocessor 

This section contains the microprocessor 
operational flowcharts. All tape control operations 
are executed by a microprogram stored in ROS. 
The flowcharts illustrate the sequence of routines 
that perform these operations. Program labels are 
on the flowcharts as reference pointers to the 
microprogram listing. For the particular details of a 
routine use the label and the cross-reference list in 
the back of the program listing. 

(~ (-" (-

-r 

--

( ( 

... _--_ .. _---- .-------- ------

c ( (-- (- C C ( 

System/3 Microprogram Overview 

The microprogram always executes certain routines 
in a particular order. The diagram illustrates the 
sequence. 

( 

IDLE 

Subsystem is not busy. 
Program loops here testing 
for Address Out and 
Check Reset. If neither 
is detected go to UPDATE 
every 39 msec. 

" ADROUT 

Decode the Q byte and 
start the operation. 

----l....-/ 
Load I/O 

Sense I/O 

Start I/O 

'--"r----/ 

Load I/O Sense I/O· 

SETUPSNS 
,r 

Store sense data at end 
of tape operation. 

UPDATE 'r 
BCHOK 

,r 
Fetch tape unit status and 
send to attachment. This - Run internal tape 
routine is entered every - control diagnostics. 
39 ms8C. when subsystem is 
IDLE. 

*Go to UPDATE if sense bytes 6 and 7 are sent to 
the system. 

(" 
- -"' 

( (: 
-_./ 

-----------

(- C C C ( (~ 

Sequence Of Operations 

Load I/O (LlO)---Loads the byte count into the 
selected LSRs. 

The microprogram loops in the IDLE routine and 
exits to ADROUT to determine the type of 
operation. From AD ROUT, exit to LOAD to store 
the byte count. If no errors are found, the 
program exits to IDLE at the completion of the 
LOAD routine. 

Start I/O (SIO)---Contains the Read, Write, and 
Control commands. 

(= 

The microprogram loops in IDLE and exits to 
ADROUT to determine the type of operation. From 
ADROUT the program exits to START to execute 
the command. 

At the completion of the operation, exit to 
SETUPSNS to store sense data and then to BCHOK 
to run internal diagnostics. If no errors are found, 
exit to UPDATE to get status of tape units to send 
to the attachment. From UPDATE, go to IDLE to 
await the next command. 

Sense I/O (SNS)--Gathers the subsystem sense 
information. 

The microprogram loops in IDLE and exits to 
AD ROUT to determine the type of operation. From 
ADROUT, the program exits to SENSE to get the 
sense bytes. 

At the completion of the sense operation, exit IDLE 
and await the next command. If the sense 
command was for. bytes 6 and 7, exit to UPDATE 
to get the tape unit status to send to the 
attachment. Exit to IDLE to await the next 
command. 

(~ (- ( 



Idle/ Adrout Routines (System/3) 

Objectives 

Test for Address Out from CPU 

HANG1 

CKRST 

IDLE1 

ADROUT 

ABOPAR 

TAGCHK 

ITAGCHK 

0\ 
~;.' 

A hardware error has 
occurred. All tape operations 
are stopped. The subsystem 
must wait for a Check Reset 
from CPU before restarting. 

Check Reset is active. Reset 
all tape control sense bytes 
and start internal diagnostics. 

Address out is not active. 
Loop until Address Out is 
active or a carry occurs. 

When a carry occurs, 39 ms 
have elapsed. Exit to UPDATE 

to fetch tape unit status. 

Reads in the Q Byte. Checks 
Q byte parity and for the I/O 
instruction tag. 

Q byte parity is bad. The 
ABO Parity Check bit is set in 
the Hardware Error Byte. 

Address Out was not reset. 
The Control Tag Check bit is 
set in the Hardware Error 
Byte. 

No I/O instruction tag was 
active. The Instruction Tag 
Check bit is set in the 
Hardware error byte. 

"..-) I ,.' 

'-. " o 000 000 

MicroProcessor 2 

HANG 1 

CKRST 
82 ..... ---.. 

TURN ON I/O 
WORKING AND 
METER TAGS 

----C2-'-----.1 
RESET CONTROL 

UNIT SENSE 
BYTES 0,1,.3.t,5. 
SET TIE BrTt; TO 
NO TRACK FOUND 

END004 

RESET CHECK 
RESET LATCH 

....--E2 ..... --_ 
START INTERNAL 

DIAGNOSTICS 

o 

05E5 
06D5 
0782 

FROM: 04E5 

C]A3 
ENTER FROM 

UPDATE OR 
{,NDCHK ROUTINE§ 

IDLE 

IDLE1 

ADD 1 TO FIRST 
IDLE COUNT 

REGISTER 

0'·' 0-'· ,:: ' ; o 

05E4 FROM: E3 
06E4 

84,-"---.. 
ADD 1 TO SECOND 

IDLE COUNT 
REGISTER 

E4,....l.--_ 

RAISE 1/0 
WORKING 'rAG 

0000 

E5,-----. 

---"';'''~,' GO TO UPDATE 

o , j 
\. y 

l~ 
L/ 

o o 00 
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Idle/ Adrout Routines (System/3) 

E1---_ 

GO TO SENSE 
(SENSE I/O) 

lror.\. 
L.J 

( ( 

FROM: 
02A4 
02C3 
0204 

AOROUT A2------. 
GET 0 BYTE FROM 

THE ABO 

B2------. 
RAISE ADDRESS 

INJ • I/O WORKING 
AND METER IN 

TAGS 

_-C2....1..--...., 
PREPARE TO 

RESET ADDRESS 
IN AND RAISE 

SERVICE IN 

(- ( 

A4.----.. 

GO TO LOAD 
(LOAD I/O) 

L~ 
L/ 

TAGCHK 
B4.----.. 

SET CONTROL TAG 
CHECK IN 

HARDWARE ERROR 
BYTE 

ABO PAR 
~-C3---...., 

HANG 

SET ABO PARITY 
CHECK IN 

HARDWARE ERROR 
BYTE 

l.-------------I-T-A-G-C-HK----~ 
03 04---...., 

SET CU DISABLED SET INSTRUCTION 
AND TRANSFER TAG CHECK IN 
ERROR BYTE TO • HARDWARE ERROR 

~I Mn 

WAIT FOR CHECK 
RESET FROM 

SYSTEM 

l~ 
L/ 

.--

FROM: 

YES 

YES 

NO 

~-C5""'---" 

RESET ADDRESS 
IN 

ESi....l.--_ 

GO TO START 
(START I/O) 

LroI\. 
L.J 

c ( c 
., 
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Update (System/3) 

Objectives FROM: 02E5 

0 ,y 

To get the status of each tape unit and 
transfer it to the Device Status Register in the 
attachment. 

UPDATE1 

ADDAGN1 

UPDATE2 

Get tape unit sense byte 0 
(initial status) from the first 
tape unit. 

Wait for tape unit response. 
When the sense byte is 
received, save bits 5 and 7. 
Check the Not busy and Start 
bits. 

The tape unit is not busy. 
Store bits 5 and 7 in an LSR 
and select the next tape unit. 

CKMANREW The tape unit is busy and the Start 
bit is on. If the Reset bit of sense 
byte 2 is set. the tape unit is 
manually rewinding, and the Meter 
In tag can be reset. 

ADDAGN2 

NBZY02 

UPDATES 

UPDATE3 

Same as ADDAG N 1. 

Check the tape unit address to 
determine which pair of tape units 
have been updated. 

Tape units 0 and 1 have been 
updated. Bit 0 of the status byte is 
set to indicate the status is from 
tape units 0 and 1. 

The status byte is transferred to the 
attachment. Update the status of 
tape units 2 and 3. 

If the status of all tape units have 
been updated, reset the interface 
tags and return to IDLE. 

A 1""'---_ ENTER FROM 
ENDCHK OR IDLE 

ROUTINES OR 
AFTER INT~RNAL 

DIAGNOSTICS 

UPD~ ... l FROM, C5 

B1"':"----. 

REOUEST TAPE 
UNIT SENSE BYTE o 

UPDATE2 
El...1.----. 

ADD 1 TO TAPE 
UNIT ADDRESS 

{~ r~ 0 r) I 

V '" )! 
,/ ~ L .. .Y ,0 0.' i, O· 0' 0,:· 0;· 0,', O· '. '0, .U ... , l' . ' 

OR 06E5 

CKMANREW 
D2~":'----. 

GET TAPE UNIT 
SENSE BYTE 2 TO 
CHECK THE RESET 

BIT 

'k " 0' 0 
"" "" '. 

REOUEST TAPE 
UNIT SENSE BYTE o 

E3 ...... ----. 
COMBINE STATUS 
OF TAPE UNITS 2 

AND 3 AND 
TRANSFER TO ABI 

FROM: E3 t:::\ 
'V 

UPDATE3 
A5,...I.----. 

RAISE STATUS IN 
AND ADD ONE TO 

--. TAPE UNIT 

B4 ...... ----. 
GET TAPE UNIT 

SENSE BYTE 2 TO 
CHECK THE RESET 

BIT 

UPDATE6 
E4 ...... --..... 

COMBINE STATUS 
OF TAPE UNITS 0 
AND 1. SET BIT o AND TRANSFER 

TO ABI 

,,, 

o 

ADDRESS 

B5, ..... ---... 
RESET STATUS IN 

TAG 

05,...&.--...... 
CLEAR TU BUS 
OUT. TURN OFF 

TAPE UNIT 
ADDRESS SWITCH 

Es-ll..---_ 

RESET ALL TAGS 
ON ATI. GO TO 

IDLE 

L.m:'\ 
L/ 

00000 
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Load I/O (System/3) 

Objectives 

Load a byte count into the designated LSRs. 

WAIT013 

EN 0003 

WAIT014 

ENDCHK 

TAGCHK 

Read in the first byte and 
check parity as it is received. 

Parity is bad. Clear the byte 
count registers and go to 
ENDCHK and then to IDLE to 
await the next command. 

Read in the second byte and 
check parity. If bad, go to 
EN 0003. 

Test for Address Out still 
active. If Address Out is 
inactive, reset I/O Working 
and go to IDLE to await the 
next command. 

Address Out is still active. Set 
the Control Tag Check bit in 
the Hardware Error byte. The 
subsystem then waits for 
Check Reset from CPU. 

(" (' ( (- (:-. (: ( (/ (-~ C C 

FROM: 03A5 

RESET ADDRESS 
IN AND RAISE 

SERVICE IN 

WAIT013 1 ,....-C2----...... 
READ IN 

LOW-ORDER BYTE 
OF BYTE COUNT. 

RESET SERVICE 
IN 

NO 

(- (- (-- C- r--

FROM: E2 

NO 

END003 _-OC3----_ 
CLEAR THE BYTE 
COUNT REGISTERS 

(-

G 
A:l 

(--~ 
.j 

READ IN 
HIGH-ORDER BYTE 
OF BYTE COUNT. 

RESET SERVICE 
IN 

C C (O~ 

,,,"-,\ 

(--
. -' 

't 

TAGCHK ,....-C5---_ 
SET CONTROL TAG 

CHECK IN 
~-':"--_I HARDWARE ERROR 

D4....L.--_ 

RESET I/O 
WORKING 'rAG 

GO TO IDLE 

Lm:\. 
L/ 

HANG 

BYTE 

D5....L.----. 
SET CU 

DISABLED. 
TRANSFER ERROR 

BYTE TO ABI 

E5,------. 

WAIT FOR CHECK 
RESET FROM 

SYSTEM 

Lm:\. 
L/ 

(~ 

Microprocessor 

-_._- .. _. __ . _. __ ._._-_ .. _- ----- -- . _. _._-----_ .. 

(" 
j 

(- ( 

PageS 



Sense I/O (System/3). 

Objectives 

• To fetch the two sense bytes requested by 
CPU. 

SENSE 

REQUEST 

TAGCHK 

ENDCHK 

Sub-Sys 

plo 1 1 

o 2 

The Q Byte is decoded for 
the tape unit address and 
requested sense bytes. 

The tape control responds 
with the odd-:numbered sense 
byte first followed by the 

. even-numbered one. 

Get the tape unit sense byte. 
Tape unit sense bytes 0, 1, 
and 2 become subsystem 
sense bytes 2, 4, and 6 when 
transferred to CPU. 

Address Out or Service Out is 
still active. Set the Control 
Tag Check bit in the 
Hardware Error Byte. The 
subsystem then waits for 
Check Reset from CPU. 

Test for Address Out and 
determine which sense bytes 
were sent. If bytes 6 and 7 
were sent, the tape unit 
status is updated. If bytes 6 
and 7 were not sent, the 
subsystem goes to IDLE to 
await the next command. 

Q BYTE 

TU Adr N-Field 

x x n n n 

3 4 I 5 
......... 

......... 7 
......... I ......... 

..... 

Tape Unit x x Sense Bytes n n n 
0 o 0 0&1 o 0 0 
1 0 1 2 & 3 0 0 1 
2 1 0 4 & 5 0 1 0 
3 1 1 6 & 7 0 1 1 

00 o 

FROM: 03E2 

SENSE 
B1"':"--_ 

GET TAPE UNIT 
ADDRESS AND 
TURN ON TU 

ADDRESS SWITCH 

DECODE N FIELD 
FOR REQUESTED 

SENSE BYTES 

E1 .... --_ 

TRANSFER CU SNS 
BYTE TO ABI 

000 0" 0.'; 0-··: '" ... 

MicroProcessor 6 

CUSNS _-<:2----... 
TRANSFER BYTE 1 

TO ABI. RAISE 
SERVICE IN 

TRANSFER BYTE 0 

FROM: 

TO ABI. RAISE I---~ 
SERVICE IN 

aoe 

El G 
REQUEST ~ 

A 3""--""" 
RAISE SERVICE 
IN. GET TAPE 

UNIT SENSE BYTE 

-c3~1 
RST SERVICE IN. 

TRANSFER TAPE 
UNIT SENSE BYTE 

TO AB!. RAISE 
SERVICE IN 

RESET SERVICE 
IN. CLEAR TAPE 

UNIT BUS 

YES 

TAGCHK 
B5 ..... --...... 

SET CONTROL TAG 
CHECK IN 

~------"IHARDWARE ERROR 
YES 

RESET 1/0 
WORKING 'rAG 

J 
~ TO IDLE I 

Lror:\ 
L5' 

YES 

BYTE 

HANG 1 ,---C5,---...., 
SET CU 

DISABLED. 
TRANSFER ERROR 

BYTE TO ABI 

WAIT FOR CHECK 
RESET FROM 

SYSTEM 

LE92 A2 
'------------. 

GO TO UPDATE 

L~ 
LY 

() OOOOO() 00000 
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Start I/O (System/3) 

Objectives 

To initiate a tape operation 

The command is decoded and the selected 
tape unit reset. 

Q BYTE 

Sub-Sys TU Adr 

pio 1 1 x x 

o 2 3 4 

Tape unit x x 
0 o 0 

N-Field 

n n n 

I 

I 5 
I 

n n 
o 0 

7 I 
/ 

I 

n Command 
0 Control 

----

(-' 

1 o 1 0 0 0 Read Forward 
2 
3 

START 

ABOPAR 

START1 

GOOD 

STSTCHG 

1 0 0 1 0 write 
1 1 0 1 1 Read Backward 

1 0 0 Diagnostic Write 
1 0 1 Diagnostic Read 

Read in the R byte and check 
parity. 

R Byte parity is bad. Set the 
ABO Parity Check bit in the 
Hardware Error byte. 

Reset all sense bits except 
NOP. If NOP is on, the 
operation is terminated. Go 
to STOZERO to do internal 
diagnostics and then to 
UPDATE before returning to 
IDLE. 

If NOP is not set. reset the 
selected tape unit and get the 
status. 

The tape unit status is good. 
Decode the Q Byte N-field 
for the command. 

The tape unit is busy or unit 
check is on. Store the sense 
data, run internal diagnostics, 
update the tape unit status, 
and return to IDLE. 

( (- ( (' (-

FROM: 03E5 

( (' 
./ 

( 

TAGCHK 
A 2---_ 

SET CONTROL TAG 
CHECK IN 

HARDWARE ERROR 
BYTE 

------

C c; ( ( 

FROM: E' t::\ 
\J 

NO' 

FROM: E2 

HANG 
B2------. 

SET CU DISABLED 
TRANSFER ERROR 

BYTE TO ABI & 
WAIT FOR CHECK 

RESET 

L.~ 
L/ 

r---C2----., 

GO TO STOZERO 

START' 

YES 

B3,------, 
RESET COMMAND 

IN TAG AND ALL 
SENSE BITS 
EXC;EPT NOP 

TRANSFER R BYTE 
FROM ABO TO LSR TO RUN INTERNAL .--------C 

J 
TRANSFER 

COMMAND INA I/O 
WORKING ND 
METER IN TAGS 

TO ATI 

DIAGNOSTICS 

ABO PAR 
E2----., 

SET ABO PARITY 
CHECK IN 

~-------. HARDWARE ERROR 
NO 

BYTE 

J 
GET TAPE UNIT 

ADDRESS AND 
TURN ON TU 

ADDRESS SWITCH 

E3,------, 
RESET SELECTED 

TAPE UNIT AND 
REQUEST TU 

SENSE BYTE 0 

--------_._---- ---

(' ( (~' ( 

GOOD 

DECODE N-FIELD 
BITS FOR CMD 

E4.------, 
GO TO DIAG & 

SET UP FOR 
DIAGNOSTICS 

(-:' (~ 
./ 

(\ 
j ( 

STSTCHG 

NO 

YES 

NO 

A 5,---....., 
SET TAPE UNIT 

STATUS CHANGED 
IN CU SENSE 

BYTE , 

B5,----....... 

TO SETUPSNS 

5 

GO TO CONTROL 

LE!) B2 

(-~ (\ (' ( ( 



Control Commands (System/3) 

. Objectives 

• Decode the R Byte for the particular 
control-type command. 

RBYTE 

ATLP 

BALP 

Determine if the command is 
a forward or backward 
motion type command. If 
backward. check for tape at 
BOT. 

Tape is at BOT. Determine 
which backward operation is 
being attemped at BOT. If a 
Rewind Unload command. the 
operation will be completed 
when the tape unit is 
unloaded. 

If a Rewind Command. the 
operation is complete. Store 
the sense data. run internal 
diagnostics. update tape unit 
status. and return to IDLE. 

Tape is at BOT and the 
command is a Backspace. Set 
Backward at Load Point. 
Store the sense data. run 
internal diagnostics. update 
the tape unit status. and 
return to IDLE. 

() 0 o 

---- --- ----

B1----... 

GO TO ERASETI1 

L~ 
L/ 

ILLCOM 

000 

01-----..... 

SET ILLEGAL CMD 
IN CU SENSE 

BYTE 1. 

.,l 
~O SETUPSNS~ 

000 

FROM: 07C4 

E2 1 

GO TO FWDCTRL 

L~ A2 

000 o 

---C:3;-----.....1 
STORE THE 

REWIND COMMAND 
AND EXPECTED 

STATUS 

GO TO REWRUN 

L~ 
L/ 

YES 

BKSP 

o o 000 

B41--_..., 

GO TO REWRUN1 

L~ 
L/ 

L~ 
L/ 

RUN 

BALP,p-_~5~1 ___ ..... 

SET BKWD AT LP 
IN CU SENSE 

BYTE 1. 

O O· '0· 0 0 0,' 0 0 " . ,." :. I\..y ,,',. ".: .' " o ( 



Backspace Block/File (System/3) 

Objectives 

To move tape backward over a block or file of 
data. No data is transferred to CPU. 

The Backspace Block and File commands are 
df;lcoded by the CONTROL routine. 

FDHITCH1 

READ 

TUCOM 

READDAT 

Determine if the tape is in 
read or write status. 

The tape unit is in read 
status. Set up to hitch the 
tape forward for a count of 4 
tach pulses. 

Get the tape unit command 
staus. If the status is not 
good, reject the tape unit and 
terminate the operation. 

Tape has been hitched 
forward. Compare old and 
new tape unit status. Set up 
up tach counts. 

NO 

FROM: 0804 

SET A PROGRAM 
STAT IF SPACE 

BLOCK 

A2 
~EL9~O 

~----------------------, 

E1----....., 
WAIT 35 MSEC 

FOR TURNAROUND 

NO 

READF2 
02----...., 

PREPARE TO 
HITCH TAPE 

FORWARD FOR A 
COUNT OF 4 

TACHS 

TUCOM 
E2:-'---_ 

TRANSFER 
COMMAND TAG TO 

GET TAPE UNIT 
STATUS 

TRANSFER MOVE 
TAG TO TAPE 

UNIT 

PREPARE FOR A 
BACKWARD 
OPERATION 

E31-'---_ 
TRANSFER 

COMMAND TAG & 
COMMAND TO TAPE 

UNIT. GET 
STATUS 

NO 

NO 

~ FROM: L/' .... 10A4 

TUREJ 
B4 .... ---.. 

SET TAPE UNIT 
REJECT IN CU 
SENSE BYTE 3 

Lr\i:\. 
L/ 

ro2:\. FROM: LJ' .... 10C2 

TACFAIL 
04.-'---_ 

SET TACH 
FAILURE IN CU 
SENSE BYTE 3 

L~ 
L/ 

FROM: E 3 f':':\ 
\J 

NO 

L:) 1 FROM: 

READD:: .... l8g~ 
B5·-----.. 

STORE TACH 
COUNTS 

TRANSFER MOVE 
TAG TO TAPE 

UNIT 



Backspace Block/File (System/3) 

SHERG 

DEGAUSS 

The tape unit is in write 
status. Set up to hitch tape 
forward for a count of 226 
tach pulses before changing 
to read status. 

Set up for a backward 
operation. Degauss the write 
head before moving tape 
backward. 

~ 
\,,-~," 

MicroProcessor 10 

SHERG 

~ b~~' 

o i' 
A2:-----~ 

PREPARE TO 
HITCH TAPE 

FORWARD FOR A 
COUNT OF 226 

TACHS 

WRTMOVE4 1 
B2:"':'---... 

TRANSFER MOVE 
TAG TO TAPE 

UNIT 

DEGAUSS i 
D2:-----.... 

PREPARE FOR A 
BACKWARD 
OPERATION 

J 
TRANSFER 

COMMAND TAG & 
COMMAND TO TAPE 

UNIT. GET 
STATUS 

D41----..., 

DELAY 3 MSEC 
FOR DEGAUSSING 

L~ 
L/ 

{~ 
'- j-i 

YES 

DELAY35A 
05,--'---_ 

DELAY 35 MSEC 
FOR DEGAUSSING 
AND TURNAROUND 

Lro2:\. 
L/ 



( 

Backspace Block/File (System/3) 

BOBSCH 

STOPTAP 

Tape cClntrolrsin PE mode. 
Start looking for the 
beginning of data block. 

The I BG or tape mark has 
been found or an error has 
occurred. Stop the tape and 
set up sense data. After 
running internai diagnostics, 
update the tape unit status 
and go to IDLE. 

( 

SET BOB FOUND 
STAT ON 

(:, 

YES 

C: c c 

FROM: 

,.....-<::2---....... 

SET TAPE UNIT 
TO SHORT GAP 

SET UNIT 
EXCEPTION 

RESET BOB FOUND 
~----------------------------- STAT 

FROM: 

YES 

~------------------------------------------------------------------------------------. RESET MOVE TAG 

E5 ..... --....... 

TO SETUPSNS 

MicroProcessor 11 

12E3 
12E5 

( 



Backspace Block/File (System/3) 

NRZREAD 

SPACEOPR 

COUNT16A 

J"""" 
I.~: 

Set up data time counts for a 
NRZI space operation. 

Look for data. If found. check 
it for tape mark configuration. 

The data is not a tape mark. 
The Move Tag is reset for a 
count of 3 to signal the tape 
unit to prepare to stop. The 
Move Tag is then reactivated 
to search for data. If no data 
is found after 16 data 
periods. the tape unit stops. 
If data is found. continue 
looping until no data is found 
for 16 data periods. 

o o o 000 000 

icroProcessor 

RDEND5 
E2~----_ 

SET UNIT 
EXCEPTION 

L~ 
L/ 

00 .< 

, .~, , . ",'. 

.~ b~~~' 

NRZREAD ,i' 

NO 

A3~--...... 

SET UP FOR A 
NRZI SPACE 

OPERATION 

~E.~ 
L/ 

COUNT16A 
B5-----, 

RESET MOVE TAG 
.---. FOR COUNT OF 3 

TACH PULSES 

CREASTP3 
5 .... --_ 

RAISE MOVE TAG 

COUNT16B 
D5~--...... 

WAIT 16 DATA 
PERIODS WITHOUT 

DATA READY 

0000000 o 00000 c 



( ( ( .
...•. 
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Forward Space Block/File (System/3) 

Objectives 

To move tape forward over a block or file of data. 
No data is transferred to CPU. 

The Forward Space Block and File commands are 
decoded by the CONTROL routine. 

READF 

TUCOM 

READF1A 

READDAT 

READ2 

TACCOUNT 

Determine if the tape unit is in 
backward or forward status. If 
backward, initiate turnaround. 

Get tape unit command status. If 
status is not good, reject the tape 
unit and terminate the operation. 

Tape unit status is good. Check for 
tape at BOT. 

Tape is not at BOT. Compare old 
and new tape unit status and set 
tach counts. 

Same as READDAT except tape is 
at BOT. 

Check for tach pulses to verify tape 
unit is running. 

_._._._-_ .. _-----

( .... ( ( " ("~ C ('; (-

FROM: 08E2 

SET PROGRAM 
STAT IF FORWARD 

SPACE BLOCK 

TUCOM J+--------I 
TRANSFER 

COMMAND TAG TO 
TAPE UNIT AND 
GET TAPE UNIT 

STATUS 

.. 

YES 

( (-

DELAY 35 MSEC 
FOR TURNAROUND 

f (-\ ( (~ ('~ 
j 

READDAT 
B4"':'----, 

SET TACH COUNTS 

TUMOVE 1 
.....-0<:4-'---..... 

TRANSFER MOVE 
TAG TO TAPE 

UNIT 

YES 

YES 

-----

C 

READ2 

( .. (e~ 

-' 

(, 

A 5---..., 
SET UP TACH 

COUNTS 

TRANSFER MOVE 
TAG TO TAPE 

UNIT 

TACFAIL 

SET TACH 
FAILURE IN CU 
SENSE BYTE 3 

FEATRDl 

L~ 
L/ 

Y~Chl 
L/ 

(e, 
(. ( 



Forward Space Block/File (System/3) 

BOBSCH 

STOPTAP 

I~" 
~Ji 

Tape control is in PE mode. 
Start looking for beginning of 
data block. 

The IBG or tape mark has 
been occurred. Stop the tape 
and set up sense data. After 
running internal diagnostics, 
update the tape unit status 
and go to IDLE. 

o o o 

BOBSCH 

BOBFND 

FROM: 
13E4 
13E5 
15B1 

SET BOB FOUND 
STAT 

.. 

YES 

000 000 

.. 

_-OC2!---_ 
SET TAPE UNIT 
TO SHORT GAP 

00 

FROM: 

YES 

A 4---__. 

SET UNIT 
EXCEPTION 

RESET BOB FOUND 
~----~---------------------- STAT 

000000 C''\ 
j 

FROM: 

YES 

[Y-. 1503 
15E2 
15E5 

STOPTAP 
05,"'--__' 

RESET MOVE TAG 

. E5-'----.1 

~O SETUPSNS~ 

o· 0"" 0'" 0' 0', I ,: .,:i '". o 0 C 
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Forward Space Block/File (System/3) 

PBURST 

SETTUNR 

NRZREAO 

SPACEOPR 

COUNT16A 

Tape is at BOT. Start looking 
for PE 10 Burst. If none is 
found, the tape is recorded in 
NRZI. Check that the 
subsystem is capable of 
reading NRZI. 

The tape control is capable of 
reading NRZI. Set the tape 
unit to NRZI and get the 
status. 

Set up the data timing counts 
for a NRZI space operation. 

Look for data. If found, check 
for tape mark configuration. 

The data is not a tape mark. 
The Move Tag is reset for a 
count of 3 to signal the tape 
unit to prepare to stop. The 
Move Tag is then reactivated 
to search for data. If no data 
is found after 16 data 
periods, the tape unit stops. 
If data is found, continue 
looping until no data is found 
for 16 data periods. 

("' ( ( (" (' 
.:.......--

A1 

PBURST 

~
5 1~g~: 

LP 

A 1 .... ---.. 
COUNT 376 TACH 

PULSES BEFORE 
CHECKING FOR PE 

10 BURST 

SETTUN. 1· 
E1 .... ---.. 

SET TAPE UNIT 
TO NRZI AND GET 

STATUS 

( (- (- C', 

~ FROM: L/'-+ 13E2 

TUREJ 
B2 .... ---.. 

SET TAPE UNIT 
REJECT IN CU 
SENSE BYTE 3 

L~ 
L/ 

L~ 
L/ 

(:' 

FROM: 

( (- ( 

WAIT 25 MSEC 
FOR LOAD POINT 

DELAY 

~-+11~~~: 
NRZREAD 

.--C3...:..----. 

SET UP FOR A 
NRZI SPACE 

OPERATION 

( (. ( (~ 

RDEND5 
.--C4...:..--..... 

SET UNIT 
EXCEPTION 

L~ 
L/ 

(:' 

-.. ~-~--- --~---- ---------

(' /~ (- (: 

COUNT16A 
B5"':"---., 

RESET MOVE TAG 
FOR COUNT OF 3 

TACH PULSES 

CREASTP' 1 
.--C5...:..--..... 

RAISE MOVE TAG 

COUNT16B 
05 .... --_ 

WAIT 16 DATA 
PERIODS WITHOUT 

DATA READY 

( ( ( C 



Rewind/Rewind Uriload (System/3) 
) 

Objectives 

I""' J 

To move tap~ backwards at high speed to the 
beginning of tape (BOT) and if a Rewind 
Unload command, unload the tape unit. Tape 
is not pulled out of columns during the high 
speed rewind. 

REVVRUN 

TUCOM 

HITCH2 

'TACCOUNT 

SHERG1 

DELAY3 

Determine if the tape unit is 
in read or write status. 

Transfer the command tag to 
get the status byte. If status 
is not good, reject the tape 
~nit and terminate the, 
operation. 

The tape unit is in read 
status. Set up to hitch the 
tape unit forward before 
turnaround. Send the Move 
Tag to the tape unit. 

Check for and time the tach 
to verify tape forward hitch. If 
not correct, terminate the 
operation. 

The tape unit is in write 
status. Move the tape 
forward before changing to 
read status. 

The tape has been moved 
forward. Degauss the write 
head before moving tape 
backward. 

o 000 

TUCOM 
B2-----, 

TRANSFER 
COMMAND TAG TO 

GET STATUS 

HITCH TAPE 
FORWARD FOR A 

COUNT OF 4 

NO 

FROM: 08D3 

SHERG1 
. B4------. 
S~Ip~PF6~w~bCH YES 

>------+1 FOR A COUNT OF 
226 

WRTMOVE4 4_".l ______ ~ 

NO 

TRANSFER MOVE 
TAG TO TAPE 

UNIT 

TACFAIL 

SET TACH 
FAILURE IN CU 
SENSE BYTE 3 

o 

l~ 
L/ 

o 00 

E4 ...... ----. 
TRANSFER 

COMMAND TAG TO 
GET TAPE UNIT 

STATUS 

o 

DELAY FOR 
DEGAUSSING 

o 

l~ , L/ 

00 o () o 



( ( 

Rewind/Rewind Unload (Sy"tem/3) 

REWDLY2 

TUCTRL 

STOPTAP 

Delays 300 msec. to ensure 
that two or more tape units 
are not starting to rewind at 
the same time. 

Transfer the control tag and 
command to the tape unit. 
Get the status byte. If status 
is good, tape control will 
store the sense data, run 
internal diagnostics, update 
tape unit status, and go to 
IDLE while the tape unit 
completes the rewind 
operation. 

The tape unit status is not 
good or the tape unit 
tachometer failed. Reset the 
Move Tag and store the 
sense data. Run internal 
diagnostics, update tape unit 
status, and go to IDLE. 

( ( 

REWDLY2 

FROM: 
16E2 
OSBA 

RESET MOVE TAG 
AND DELAY 300 

MSEC 

TUCTRL 
B3 ..... --...... 

TRANSFER 
CONTROL TAG AND 
COMMAND TO TAPE 

UNIT 

READ IN TAPE 
UNIT CONTROL 

STATUS 

E3 

( .. " 
j 

co ( ( 

FROM: 

~ 
16C2 

04 1605 

TUREJ 

NO SET TAPE UNIT 
REJECT IN CU 
SENSE BYTE 3 

~ 
FROM: 

E4 .... 16E3 

STOPTAP 
E4 

III RESET MOVE TAG 



Read Operation (System/3) 

Objectives 

To read data (PE or NRZI) in either direction. 

DIARETN 

READF 

READBKWD 

STATOK 

READDAT 

READ2 

TACCOUNT 

PBURST 

Determine the type of read 
command. 

The command is a Read 
Forward. Determine if the 
tape unit is in forward or 
backward status. Execute a 
delay for turnaround if 
backward. 

The command is a Read 
Backward. The tape must be 
hitched forward. If in write 
status, hitch forward for a 
count of 226. If in read 
status, hitch forward for a 
count of 4. 

Check the command status 
byte. If not good, reject the 
tape unit and terminate the 
operation. 

The tape is not at BOT. 
Compare old and new tape 
unit status and 'use the 
results to set up tach counts. 

Same as READDAT A except 
the tape is at BOT. 

Verify that tape is moving. If 
not, reset the Move Tag to 
stop tape and terminate the 
operation. 

Tape is at BOT. Start looking 
for PE 10 Burst. If no burst is 
foundj the tape is recorded in 
NRZI. Determine if the tape 
control and tapd unit are 
capable of reading NRZI. 

FROM: 07D5 

TUCOM J 
TRANSFER 

COMMAND TAG TO 
TAPE UNIT AND 
GET TAPE UNIT 

STATUS 

NO 

NO 

.. 

YES 

READBKWD 
B2-----, 

HITCH THE TAPE 
FORWARD 

DELAY35 

DELAY FOR 
TURNAROUND 

r')-

~) ()OOOOO 000 00 

READDAT 

SET TACH COUNTS 

TUMOVE 1 
r----L'3 

TRANSFER MOVE 
TAG TO TAPE 

UNIT 

L.~ 
L/ 

YES 

NO 

YES 

READ2 A4-----. 
SET UP TACH 

COUNTS 

TRANSFER MOVE 
TAG TO TAPE 

UNIT 

TACFAIL 
D4"":'---., 

SET TACH 
FAILURE IN CU 
SENSE BYTE 3 

FEATRDl 

L~ 
L/ 

t., - \' 00 ,'" -, ;.: o C) 0 

PBURST 
B5-----.. 

COUNT 376 TACH 
PULSES BEFORE 

CHECKING FOR PE 
ID BURST 

SETNCAPA 
E5------. 

o 

SET NOT CAPABLE 
IN CU SENSE 

BYTE 1 

L~ 
L/ 

()OOOOO ( 

\ 
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Read Operation (System/3) 

BOBSCH 

STRD 

ENDDTA 

WAITEND 

The tape is recorded in PE. Start 
searching for the beginning of the 
data block. 

Three data bytes are buffered in 
the LSR. If an error is detected as 
a phase error, the byte is corrected 
just before it is sent to ABI. Only 
single-track errors are corrected. 

The all-ones marker has been 
detected. Check that the byte 
count is zero and for any 
accumulated phase errors. 

The postamble is being read. 
When the IBG is detected, reset 
Service In and stop tape. 

{: (- ( (' ( (~ 
J 

( 

-_ .. _-- .... _-_._-----------------

:(, (-, 
.':' 

C 

FROM: 
18C5 
18E3 
18E4 

BOBSCH 

CKCNT 

SETSTOP 

SET STOP STAT. 
LOOK FOR ALL 

ONES MARKER 

E2!":"----. 

TRANSFER DATA 
INTO LSR 

C f ( 

FROM: E2 

( f 

YES 

YES 

YES 

(-

WRONG 

( C~ 

A4.-----. 
CORRECT BYTE 

WITH PHASE 
ERROR INFO 

SET WRONG 
LENGTH RECORD 

IN SENSE BYTE a 

TSTPHER _'~1 ___ _ 
D4 

CHECK FOR PHASE 
ERRORS THAT 

OCCURRED DURING 
READ OP 

-----

(: (~ (C_ (0, ( (~ (~ C 
-, 

./ . --



Read Operation (System/3) 

SEnUNR 

NRZREAD 

NRZBKR 

CRCFRD 

,TWOUSLOP 

The tape is at BOT and is a 
NRZI tape. Start looking for 
the first data byte. 

The tape is not at BOT and is 
a NRZI tape. Start looking for 
the first data byte. 

This is a Read Backward 
operation. The first bytes 
read are the LRC and CRC 
characters. Then start looking 
for the data bytes. 

A data byte has been read 
and parity checked. The LRC 
and CRC characters are 
calculated each time data is 
read. 

Loop for 1 1 /2 byte periods 
searching for data. If none is 
found, a byte may have been 
lost. Loop again for 1 more 
byte period. If still no data, 
search for the CRC and LRC 
characters. If reading 
backward, send the last byte 
read to CPU. 

SETTUNR 

FROM: 
18DS 

SET TAPE UNIT 
TO NRZI AND GET 

STATUS 

LPDEL 
ro-'"-oC 

WAIT 2S MSEC 
FOR LOAD POI NT 

DELAY 

~ FROM: L/'-+ 18E4 

NRZREAD 
01 ...... ----, 

SET UP FOR NRZI 
READ OPERATION 

AND CHECK FOR 
SHORT GAP MODE 

YES 

o JO C)OOOOO 0, 0':" 0·" : "'. ' 

~-----"--"--'----- ' 

READ IN LRC AND YES 
CRC CHARACTERS .... ---C 

FIRST 

NO 

CORRECT CRCFRD 2------. _-C3------. 
SET VRC ERROR 

CALCULATE CRC 
I-------.~ AND LRC 

CHARACTERS 

FROM: A2 

ADDR4FF 

SUBTRACT ONE 
FROM BYTE COUNT 

FROM: E3 f::\ 
\J 

SVOISOK 

ONRD 

TRANSFER DATA 
BYTE TO CPU 

B4, ...... ----, 

READ IN NEXT 
DATA BYTE 

SET CRC ERROR 
IN CU SENSE 

BYTE S 

l~ 
L/ 

FROM: 

CRCSRCH 
BS ...... ----, 

LOOK FOR CRC 
CHARACTER 

CRCRDl 
_-CS ...... _---, 

NO 

READ IN THE CRC 
CHARACTER 

COMPARE CRC 
READ WITH 

EXPECTED CRC 

:; . \" 0·, 0 
.,,:', ",., 0·:· 0 0" 0" 0" 0.' C), 0', Oi, 0'" 0' 0, O· '. 0,' ',\ i ""', ",' .,. .; ,. ,',.L ",.1 ~ . , ". 
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Read Operation (System/3) 

COUNT16A 

STOPTAP 

The data is not a tape mark. 
The Move Tag is reset for a 
count of 3 to signal the tape 
unit to prepare to stop. The 
Move Tag is then reactivated 
to search for data. If no data 
is found after 16 data 
periods. the tape unit stops. 
If data is found. continue 
looping until no data is found 
for 16 data periods. 

The operation is completed or 
an error has occurred. Reset 
Service In and the Move tag. 
Store the sense data. run the 
internal diagnostics. and 
update tape unit status before 
returning to IDLE. 

( ( ( f ( 

~~~' o!' 20E5 

A 2------. 
LOOK FOR LRC 

CHARACTER FOR 5 
BYTE PERIODS 

CKTHELRC 
2....r..--_ 

COMPARE LRC 
READ WITH 

EXPECTED LRC 

SETLRCER 
E2:------. 

SET LRC ERROR 
CU SENSE BYTE 5 

MicroProcessor 21 

( ( 

NO 

COUNT1.A 1 WLRERROR 
B3"'----, B4"'----, 

RESET MOVE TAG SET WRONG 
FOR A COUNT OF ..... ~---I LENGTH RECORD 

3 TACH PULSES CU SENSE BYTE 0 

CREASTP' 1 _--C3....r..--_ 

RAISE MOVE TAG 

COUNT1.. 1 D3------. 

NO 

( --'.\ 

/ 
( 

LV 
TUREJ _-oC 

(~-

FROM: 
18El 
20Bl 

SET TAPE UNIT 
REJECT IN CU 
SENSE BYTE 3 

~-+l ~i~r L..:I' 19E4 

STOPTAP 
05-----... 

E5,----_ 

( ( 
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Write Operation (System/3) 

Objectives 

• To write data (PE or NRZI) on tape. 

WRITE 

WRITE08 

I 
TUCOM 

WRITE40 

WRTMOVE 

,.,:"~ r \ ,r--'" 

"'- ~ 
, 
\: ...... __ )iI 

Determine if tape unit is file 
protected. If ,t is, set Command 
Reject and terminate the operation. 

Check the status of the tape unit. 
If in write status, store the write 
command. 

If in backward status, wait for 
turnaround sequence before storing 
write command. 

If in read forward status and not at 
BOT, hitch tape backward before 
storing write command. 

The tape unit is not file protected. 
Get the command status and set 
the tape unit to write status. If 
command status is not good, reject 
the tape unit and terminate the 
operation. 

Check that tape is at BOT. If it is, 
set up to write the PE 10 Burst. 

Determine if NRZI is installed in 
tape control . If not, go to 
TUMOVE. 

o o 

FROM: 07D5 

A 2-"'---­
ENTER FROM 
DIARETN OF 

START I/O 

WRITE02 , 1 
RAISE SERVICE 
IN TAG TO GET 

DATA BYTE 

.. 
WRITE10 

E2:-"'---.. 

STORE THE WRITE 

YES 

NO 

CMNDREJ 
B3:----... 

SET COMMAND 
REJECT 

DELAY35 
D3,---...... 

WAIT FOR 
TURNAROUND TO 

FINISH 

GET THE COMMAND 
~------------------------_. STATUS FROM THE 

TAPE UNIT 

TUREJ 
B4----... 

SET TAPE UNIT 
REJECT 

L~ 
L/ 

WRITE05 
4·---...... 

SET UP TO WRITE 
PE ID BURST •• -------< 

COMMAND .---------------------------~ 

o (). 
~( C) () o o 

• 

o o 
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Write Operation (System/3) 

FEATWRT1 

DUALDEN 

Tape control has NRZI 
installed. Determine if tape is 
at BOT. If not at BOT, check 
that the tape unit unit is 
already set to NRZI mode. If 
at BOT, check that tape unit 
has Dual Density feature. 

Tape unit has dual density 
installed and is at BOT. 
Check Mode Set of the Tape 
control. 

( 

SETUPNR A Mode Set command was 
executed. Set the tape unit to 
NRZI and check the status. 

TUMOVE The tape unit status is good 
and ready to write (PE or 
NRZI). Transfer Move Tag to 

. get tape moving. 

WRTMOVEO The tape unit is in write 
status and Move Tag 
transferred. When Gap 
Control is detected the the 
tape unit is up to speed. 

WRTMOVE1 Set up to count and time tach 
pulses to verify tape speed. 
If tach count is bad, set 
tachometer failure; if tach 
timing is bad, set Start 
Velocity Check. Terminate the 
operation if either condition 
occurs. 

(' ( 

SETR21 
";';--C 

SET UP FOR A 
NRZI WRITE 

OPERATION 

( 

YES 

FROM: 
22E5 

E2---_ 
SET START 

VELOCITY CHECK 
IN CU SENSE 

BYTE 1 

L~ 
L.J 

YES 

NO 

(- (-

BOT 

0 

~ 1 FROM, B3 ... 22E5 

TUMOVE 
B3 

TRANSFER MOVE 
AND COMMAND 

TAGS TO TAPE 
UNIT 

WRTMOVE' 1 
03"':"--_ 

NO 

COUNT AND TIME 
THE TACH PULSES 

YES 

NO 

YES 

( c 

SETUPNR 

YES SET ALTERNATE 
~------. DENSITY IN TAPE 

TACFAIL 

SET TACH 
FAILURE IN C3U 
SENSE BYTE 

L~ 
L.J 

~~t9 
L/ 

YES 

UNIT 

_-c5·...:..--_ 
SET TAPE UNIT 

REJECT 

Lm:\. 
L.J 

( ( ( 



Write Operation (System/3) 

PBWPGM 

WRDAPGM 

WRTDATA 

DREBC2 

BYCNTZER 

JRK024 

WRTONES 

t;:NDEND 

/~~\ 

',,-.JY 

The tape unit is at BOT and 
in PE Mode. Write the PE 10 
Burst before writing data on 
tape. 

The PE 10 burst has been 
written or the tape is not at 
BOT. Write a preamble of 40 
zeros and all ones marker. 

The preamble is written. Get 
the data byte from CPU and 
check it for parity. If parity is 
bad, set bus out check. 

Decrement the byte count by 
one. 

Check the byte count. If the 
count is zero, reset the Begin 
Write stat to indicate the last 
byte has been received. If 
byte count is not zero, raise 
Service In to get next byte. 

Transfer byte to the tape unit 
and wait for read back. If a 
parity error is detected, set 
VRC Error. 

The byte count is zero and 
the last byte written. Write 
the postamble. Continue read 
back until the end of block is 
sensed. 

The operation is completed or 
an error detected. Reset the 
Service In and Move Tags. 
Store the sense data, update 
the tape unit status and 
return to IDLE. 

r' 
~j o 

WRDAPGM 

FROM: 
23E4 

B1~---., 

YES 

PBWPGM 
A 2'----_ 

WRITE PE ID 
BURST 

SET UP TO WRITE ERASE A 3 INCH 
PREAMBLE ~---- GAP AFTER THE 

ZER040 1 
_-C1~---., 

WRITE 40 ZEROS 
AND ALL ONES 

MARKER 

FROM:e C5 
01 

WRTDATA 
-+ 

., 1 
GET THE DATA 

BYTE FROM CPU. 
RESET SERVICE 

IN 

NO 

000 000 

ORUN 

BURST 

D2~---__. 
SET OVERRUN BIT 

IN SENSE BYTE 
3. RESET BEGIN 

WRITE STAT 

o o 

SET BUS OUT 
CHECK 

p.;.;.-c 3 ..... --...... 

SUBTRACT ONE 
FROM THE BYTE 

COUNT 

E3~--__. 
RAISE SERVICE 

IN TO GET NEXT 
DATA BYTE FROM 

CPU 

o o o 

YES 

RDBK015 
41---__. 

SET VRC ERROR. 
CONTINUE 

WRITING 

BYCNTZER 
041---__. 

RESET BEGIN 
WRITE STAT 

00 o 

FROM: 

FROM: 

E38 

JRK024 ~ 
A 5""'--""" 

WRITE DATA BYTE 
ON TAPE 

:T~-.l 
05, ...... --...... 

WRITE THE ALL 
ONES MARKER AND 

40 ZEROS 

~4 12~~~: E5 -+ 23C5 26D3 
2304 27E4 
23E2 27E5 END END _~ __ __ 

E5 
RESET SERVICE 
IN TAG. STOP 
TAPE & GO TO 

SETUPSNS 

0,· O;~ 0.:: 0"· O··:J . -
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Write Operation (System/3) 

lPDlY 

NEXTBYT 

ClSERIN 

This is a NRZI write operation 
and tape is at BOT. Set up 
for a load point delay. 

Get the data byte from CPU. 
Check for correct parity. If 
bad, set Bus Out Check. 

Reset Service In and 
decrement byte count. Check 
if byte count equals zero. 

{ , 

. .' 
( ( ( (- ( 

LPDLY 
A 1---...., 

SET UP TACH 
COUNT FOR LOAD 

POINT DELAY 

WAIT FOR DELAY 
TO TIMEOUT 

( 

----------- ----

YES 

NRZIWRT2 
2:"':"--_ 

SET UP FOR NRZI 
WRITE OPERATION 

NRZWRT 
D2------. 

SYNCHRONIZE 
WITH WRITE 

CLOCK 

MicroProcessor 25 

( ( (~' 

OVRUN A4-----. 
NO SET OVERRUN IN 

~-------. CU SENSE BYTE 3 

B3"':"---.. 

TRANSFER DATA 
BYTE FROM CPU 

CLSERIN 
D3,"':"--_ 

RESET SERVICE 
IN AND STEP THE 

BYTE COUNT 

l~ 
L/ 

NO 

PERC 

l~ 
L/ 

.... -<:4----.. 
SET BUS OUT 

CHECK 

(~ (' (- ( 
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Write Operation (System/3) 

HANGUP3 

TAGCHK 

SETSERI 

LOP 

END1 

DLY 

/"'-'''' ,r-»-
''''-f J 

Determine if Service Out was 
reset after resetting Service 
In Tag. 

Service Out is still active. Set 
Control Tag Check in 
Hardware Error byte. 

Service Out is inactive. Raise 
Service In to get next byte 
from CPU. 

Check if Ending Stat bit is on. 
Ending Stat is set when the 
byte ~ount equals zero and 
the last CRC calculation has 
been made. 

The Ending Stat is on. Set up 
a counter to ensure correct 
spacing between check 
characters. 

The LRC and CRC characters 
have been calculated. Wait 
until either a byte is read 
back or another byte is 
written. 

Each time a byte is written 
and until it is read back a 
data counter is stepped. The 
count is maintained to ensure 
that tape is moving at the 
correct speed at the 
beginning of the operation. 
The first byte should be read 
back, after writing 112 to 128 
bytes. If no data is read back 
before writing 128 bytes, 
Tape Velocity Check is set. If 
data is read back before 
writing 112 bytes the No 
Noise stat is set which will 
set a VRC Error during read 
back. 

When a byte is read back, 
parity is checked. If bad 
parity is detected, set VRC 
Error. 

,?~ 1""\ (0"" 
,) \_j ~.j} 0 0 0 ~ 

CKBCHI 

YES 

FROM: 
2SD3 

TAGCHK 
B31---_ 

SET CONTROL TAG 
SET EXTRA SHIFT 

STAT FOR CRC 
CHARACTER 

YES CHECK. WAIT FOR 

0 C) 

SETSERI 2:----_ 
RAISE SERVICE 

IN TO GET NEXT 
BYTE 

DATOLRC 
D2:----_ 

GENERATE LRC 
CHARACTER AND 

WRITE THE BYTE 
ON TAPE 

F~OM: BS f"::'\ 
~~ 

0 

CRCFRD 
E2: ...... ----. 

0 

GENERATE CRC 
CHARACTER 

0 ': .~ 0 ~ IJ 

CHECK RESET 
FROM CPU (GO TO 

02A2) 

SET VELOCITY 
ERROR 

ENDD 

C ~ () ~~ 0 
----~-------

LOP 

0 () 0 

END 1 

LBYTE 

SET UP CHECK 
CHARACTER 

COUNTER 

85----... 
RESET EXTRA 

SHIFT AND SET 
~.::..:..--. ENDING STAT. GO 

t e 

SHIFT CRC 
CHARACTER AGAIN 

FROM: AS, D4, 
E3, OR YES 
ES 

PER 
E:5-'----.. 

SET VRC ERROR 

IJ C) ('\ 0 ~.",' \",j 0 
.-"-_.,- -- .... - -------" 

0 0 0 " 0 
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Write Operation (System/3) 

ENCHAR 

END5 

WRLRC 

CKCRCW 

TWOUSLOP 

CRCRD1 

COUNT16A 

The Ending Stat is set. step 
the Check Character Counter. 
The counter is stepped three 
times before writing each 
check character. (See END1.) 

Write the CRC character and 
set up to write the LRC 
character. 

Write the LRC character and 
set up to end the write 
operation. 

The byte read back is the 
CRe character. Compare 
the CRC written with the CRC 
calculated. 

Wait for the LRC character. 

The byte read back is the 
LRC character. Compare the 
calculated LRC with the LRC 
read back. 

The data is not a tape mark. 
The Move Tag is reset for a 
count of 3 to signal the tape 
unit to prepare to stop. The 
Move Tag is then reactivated 
to search for data. If no data 
is found after 16 data 
periods. the tape unit stops. 
If data is found. continue 
looping until no data is found 
for 16 data periods. 

( ( ( 

ENDS 

STEP CHECK 
CHARACTER 

COUNTER 

( 

E1...:..----. 
WRITE CRC 

CHARACTER AND 
SET LRC STAT 

AND CHECK CHAR. 
COUNTER 

L~ 
L..J 

( 

SETCRCE 

WRLRC 

SET CRC ERROR 
IN CU SENSE 

BYTE 5 

E2:"':"--...., 
WRITE LRC 

CHARACTER AND 
SET END DATA 

STAT 

L~ 
L..J 

NO 

RDDON .:1 

FROM: 
26E4 

RESET WRITE 
CLOCK AND SET 

LRC STAT 

DATASRCH 1 
---C3"':"----' 

START LOOKING 
FOR LRC 

CHARACTER 

CRCRD1 1 
E3"'----, 

READ BACK LRC 
CHARACTER TO 
COMPARE WITH 

CALCULATED LRC 

( ( ( ( 

SETLRCER A4----.., 
SET LRC ERROR 

IN CU SENSE 
BYTE 5 

WLRERROR B4----.., 
SET WRONG 

LENGTH RECORD 
IN CU SENSE 

BYTE 0 

~ 
L/~ 

COUNT16A 

FROM: 
25M 

5...:..----. 

RESET MOVE TAG 
L---------------~.FOR A COUNT OF 

3 TACH PULSES 

SET DATA TIMING 

COUNT16B 
D5,-'---...., 

RAISE MOVE TAG 
WAIT 16 DATA 

PERIODS WITHOUT 
DATA READY 

YES 
ERROR IN CU .+-------C 

SENSE BYTE 5 

L~ 
L/ 

( ( ( 
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Data Secutity Erase (DSE) (System/3) 

Objectives 

• To erase tape from its present position to the 
end of tape (EOT) marker. When the EOT 
marker is detected, the Tape Indicate lamp is 
turned on. 

ERASETI1 

ERASETI3 

TUCTRL 

TUREJ 

f'~\ ,r~. 

'<..e' ~y 

The Data Security Erase 
command was decoded 
during the CONTROL routine. 

Get tape unit status. Tape 
unit must be in write status, 
not busy, and not file 
protected. If status is not 
correct, set Command Reject 
and terminate the operation. 
If already at EOT, go to 
SETUPSNS to finish the 
operation. 

Tape unit status is good. 
Transfer the Control Tag 
and command to the tape 
unit. Read in the status byte 
from the tape unit. 

If tape unit status is good, 
store the sense data, run 
internal diagnostics and return 
to IDLE. 

Tape unit status is bad, set tape 
unit reje~ and terminate the 
operation. 

,E" "" 0, ("\ , 
"y \,.y \t..j 8000000() 

SET TAPE UNIT 
REJECT IN CU 
SENSE BYTE 3 

o 0 C~: 

FROM: 08B1 

FROM 
COMMAND 

TUCTRL 1 .._-<:3------. 

NO 

TRANSFER 
CONTROL TAG AND 
DSE CMD TO TAPE 

UNIT. GET 
CONTROL STATUS 

E3,----_. 

TO SETUPSNS 

NO 

o o 

CMNDREJ B4---....., 
SET COMMAND 

REJECT IN CU 
SENSE BYTE 1 

00 o 
.. ., 

0 .0 C) '~ y ~' () o o o 
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Erase Gap Command (System/3) 

Objectives 

To erase a 3 inch gap on tape. 

WRITE~O 

FEATWRT1 

SETUPNR 

Check that tape is at BOT. If 
it is, set up to write PE 10 
Burst. 

Tape control has NRZI 
installed. Determine if tape is 
at BOT. If not at BOT, check 
that the tape unit is already 
set to NRZI mode. 

A Mode Set command was 
issued Set the tape unit to 
NRZI and check the status. 

TUMOVE The tape unit status is good 
and ready to erase tape. 
Transfer Move Tag to the 
tape unit. 

WRTMOVEO The tape unit is in write 
status and Move Tag 
transferred. When Gap 
Control is detected the the 
tape unit is up to speed. 

WRTMOVE1 Set up to count and time tach 
pulses to verify tape speed. 
If tach count is not good, set 
tachometer failure; if tach 
timing is bad, set Start 
Velocity Check. Terminate the 
operation if either error 
occurs. 

( ( ( (-

WRITE05 

SET UP TO WRITE 
PE ID BURST 

SETUPNR 
E2 .... ----, 

NO 

( ( 

FROM: 2205 

Q A3 
ENTER AT 

WRITE40 OF 
WRITE OPERATION 
..... t" 

TUMOVE 
E3 .... ----, 

TRANSFER MOVE 
SET ALTERNATE AND COMMAND 

DENSITY IN TAPE ------~~~ TAGS TO TAPE 
UNIT UNIT 

(- ( .". 
.j c ( 

NO 

WRTMOVE1 TACFAIL 
B4...1.---.., B5 .... ----. 

COUNT AND TIME 
TACH PULSES 

SET TACH 
FAILURE IN CU 
SENSE BYTE 3 

L~ 
L.J 

_-<:::5-----. 
SET START 

VELOCITY CHECK 
~------~ IN CU SENSE 

BYTE 1 

L~ 
L.J 

------------------------------ "--- . -"-------- ---- -"- --------~-----

(- ( c 
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Erase Gap Command (System/3) 

PBWPGM 

LPOLY 

ENOENO 

('-~\ r~', 

~_Jl \~~j/ 

The tape unit is at BOT and in PE 
Mode. Write the PE 10 Burst 
before erasing tape. 

This is a NRZI operation and tape 
is at BOT. Set up for a load point 
delay. 

The operation is completed or an 
error detected. Reset the Service In 
and Move tags. Store the sense 
data. update the tape unit status 
and return to IDLE. 

.r~ 1:-') () ',,-y ,,~)- 0 0 0 0 
~y 0 0 

PBWPGM 

0 

B1------. 
WRITE PE ID 

BURST 

() (' 
~_/ 

YES 

FROM: 
29D4 

ERGPGM1 
2! .... ----. 

ERASE A THREE 
INCH GAP OF 

TAPE 

NO 

FROM: 
29D4 

LPDLY J 
SET UP AND 

EXECUTE LOAD 
POINT DELAY OF 

6 INCHES 

13g1-'1 ~i~r 
END END _--<:41----......, 

RESET MOVE TAG 
--------------------------------.~I AND STOP TAPE 

.. ' 
r~. C) () () 0 0 C) (-'\ 0 C) 0 \ 

" /' 
.j ~ / 

~ 
'~y 0 () 0 
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Write Tape Mark (WTMt (System/3t 

Objectives 

To write a PE or NRZI tape mark. 

The subsystem generates the tape mark; no data is 
transferred between CPU and the subsystem. 

WRITE40 

FEATWRT1 

SETUPNR 

TUMOVE 

WRTMOVEO 

WRTMOVE1 

Check that tape is at BOT. If it is 
set up to write PE 10 Burst. 

Tape control has NRZI installed. 
Determine if tape is at BOT. If not 
at BOT, check that the tape unit is 
already set to NRZI mode. 

A Mode Set command was issued. 
Set the tape unit to NRZI and 
check the status. 

The tape unit status is good and 
ready to write the tape mark. 
Transfer the Move tag to the tape 
unit. 

The tape unit is in write status and 
Move tag transferred. When Gap 
Control is detected the tape 
unit is up to speed. 

Set up to count and time tach 
pulses to verify tape speed. If tach 
count is bad, set tachometer 
failure; if tach timing is bad, set 
Start Velocity Check. Terminate the 
operation if either error occurs. 

( ( ( ( ( ( c 

WRITE05 
B2---_ 

SET UP TO WRITE YES 

FROM: 2205 

Q A3 
ENTER AT 

WRITE40 OF 
WRITE OPERATION 
" r' 

PE 10 BURST .-------~ 

SETUPNR 
E2 ..... --_ 

SET TAPE UNIT 
TO NRZI MODE 

r--~3------. 
SET UP TO ERASE 

3 INCH GAP 
BEFORE WRITING 

TAPE MARK 

TUMOVE 
E3-'-----__. 

TRANSFER MOVE 
AND COMMAND 

------~. TAGS TO TAPE 
UNIT 

(~ { 

NO 

WRTMOVEl 
B4.-I.--_ 

TACFAIL 
B5,-'---_ 

SET TACH 
FAILURE IN CU 
SENSE BYTE 3 

COUNT AND TIME 
TACH PULSES 

lm:\. 
L/ 

r--~5-----. 
SET START 

VELOCITY CHECK 
~------~ IN CU SENSE 

BYTE 1 

lm:\. 
L/ 

( ( 
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Write Tape Mark (WTM) (System/3) 

PBWPGM 

LPOLY 

TMCHK3 

STOPTAP 

r~ r~\ 
",y ,--y' 

The tape unit is. at BOT and in PE 
Mode. Write the PE 10 Burst 
before writing the tape mark. 

This is a NRZI operation and tape 
is at BOT. Set up for a load point 
delay. 

Tape control could not write a tape 
mark after 15 tries. Set Tape Mark 
Check and terminate the operation. 

The operation is completed or error 
detected. Reset the Move tag to 
stop tape. Store the sense data, 
update the tape unit status, and 
return to IDLE. 

(r""l 
\",y 00000 

PBWPGM 

YES 

FROM: 
31D4 

~G~M 1 
B2-'---_ 

ERASE A 3 INCH 
GAP BEFORE 

FROM: 
02 OR 
D4 

A4.----., 

NO REPOSITION TAPE 
~------. AND RETRY TAPE 

MARK 

PE 

B1"":"--_ 

WRITE PE 10 
BURST I-------.~ WRITING TAPE 44-------------­

MARK 

WTMPGM 1 
,.....-<::2-'---..... 

WRITE PE TAPE 
MARK 

TMCHK3 
,.....-<::3-'---..... 

SET TM CHECK IN 
CU SENSE BYTE 3 

~ )~g~' 

ct A 5....1.---.., 
LPDLY 

EXECUTE LOAD 
POINT DELAY OF 

6 INCHES 

NRZI SET UP FOR A 

NRZWTM3 

NRZI WTM 
OPERATION 

WRITE NRZI TAPE 
MARK 

WRITE TAPE MARK 
~~----- LRC 

000 o (j 

~ FROM: L/' ..... 31C5 

STOPTAP 

RESET MOVE TAG 
TO STOP TAPE. 

GO TO SETUPSNS 

c OOC)OOO o Q. 0 ~ :. '". o 00 
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Microprogram Overview (System/360/370) 

This section contains the tape control operational 
flowcharts used when the tape control is attached to a 
System/360 or System/370. All tape control operations 
are executed by a microprogram stored in ROS. The 
flowcharts illustrate the sequence of routines that 
perform the operations. 

Program labels are included on the flowcharts as 
reference pointers to the microprogram listing. For the 
particular details of a routine, use the label and the 
cross-reference list in the back of the program listing. 

Note: If the 3410/3411 is attached to System/370 
Model 125, see flowcharts starting at MicroProcessor 
67. 

( ( ( ( (- ( (~ c ( c (~ () (: (/ 

IDLESCAN 

The Subsystem is not busy. The 
microprogram loops here, checking 
TU status and DE Primes, and 
checking for interrupts or initial 
selection. The Meter In line is 
maintained according to the DE 
Prime situation. 

----
Initial Selection or Polling 

Polling finished - Status sent to the system and accepted. 

Status Pending (terminate operation) 

No Service Out, or Command Out is active - Stack 

-

r--------------------Chaining --------------I-~ -
,-------------------Status Pending------------~ 

.----------------------------------TU Busy-------------------------~ 

r------------------Command Reject-----------~ 

RESTORE 

Initial Selection, caused by: 

1. SIO or TID-Do a SID. 
2. A Polling operation-Send 

status to ASI. 
3. HID (command out)-Do 

a HIO. 
4. Selective Reset-Do a Reset. 

SIORTN " 
Send Initial Status to the system 
and decode the command .• 

" - --

STOPTAP " """"" 
See that the operation was 
completed properly. Store 
sense data, assemble status, 
check for chaining, stack 
status if necessary. Send 
status to the system. 

MicroProcessor 33 

Tach Fail 

Unit Check 

TU Interrupt 

TU Reject 

Tape Mark Error 

Execute the Operation 

Read, Sense, TIO, Write, 
WTM, FSP, SSP, Mode Set, 
DSE, Control 

- --

STOZERO " 

Run Internal Diagnostics 

-'" 

{ c 



IDLESCAN Overview (System/360/370) 

• 
",,-,., f~ /'''''' ~ r~ ,~ () "--J; "'--i/ \ " ,) !J I", ;) "_ . .1" () 0 0 " ' 0 0 

G 
A~ 

ADD ONE TO TAPE 
UNIT ADDRESS 

SAVE STATUS -
PUT IT IN A 

SAVE REG 

SET REQUEST IN 

0 0 " 0 C) r""'\ 0 0 
~I ~y 

RESET METER IN 

~ 
~-j 

~~ 
L/ 

0 0 
~y 

I) (-'\ C 0 0 0 0 0 0 (-

~ ~, ~j \ 
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IDLESCAN (System/360/370) 

Objectives 

Monitor Device End Primes for all tape 
units and keep the Meter In line in the 
proper state. 

Detect an Initial Selection or Polling 
sequence and branch to the proper 
microprogram location. 

Detect interrupts from tape units and set 
Device End and Unit Check in status 
when appropriate. 

IDLED 

SETDEUC 

GIVEDE 

There is no status pending 
(no bits on in the pending 
status register). This is the 
return point (from 36C3 or 
3603) of the scanning loop. 

A DSE operation failed. 

A DSE or Rewind is properly 
completed. 

( ( ( 

~~ FROM, 64C2 

GRg~ ENDING 
SEOUENCE 

HAINED REW/DS ...... , 

BEGIN lDLESCAN 
(FOLLOWING 

POWER-ON RESET) 

~ L/-+ 
IDLESCAN 

B 

SELDEV 

FROM: 
37E4 65El 
38E2 65E5 
64C5 

SELECT TU & GET 
SENSE BYTES 

YES J 48 

c ( 

NO 

CHKBSY 

~Y_E_S-----.~r--: ___ S_:_: __ B_U_S_Y ____ ~I 

J 
["""SET BUSY I 

L8 

L~ 
LI 

SET DEVICE END 
IN STATUS 

L~ 
LI 

( 

NO 

SETDEUC 

SET DEVICE END 
AND UNIT CHECK 

IN STATUS 

L~ 
LI 

(- ( 
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IDLESCAN (System/360/370) 

NOST ATUS There is no status pending, 
Device-End interrupts, or Initial 
Selection. If this is not the last 
TU, step the address. Continue 
the scanning loop. 

RESTORE Either Initial Selection or Polling 
has been detected, or status is 
pending. 

SETSAV 

r~ F-" 
" ~' \ ... Y 

Status is pending. Send it to ASI 
if Request In is active. 

i""-""\ r-~ 0 ) "",-Y , - \"--,,j/ 
~) ',,--, () 

~-

)~g~:~ 41::\ 
Dl\J 

D1....:..--....... 
FROM: MOVE ADDRESS & 

B1 STATUS TO r PENDING STATUS 
REGS 

L~ 
L/ 

0 0 0 " 0 

SET METER IN 

IDLE2 

YES 

FROM: 
35A5 
35B4 
35C3 
35C5 
35D3 
35D4 

ANYSTS 

YES 

SET METER IN 
(ALLOW OFF LINE 
IF NOT BUSY) 

FRO~e l13E2) 
FROM: D~"":'---" 

E3 
E5 

BUMP TU ADDRESS 

SETSAV 
E2---...... 

PUT TU ADR & 
STATUS IN YES 

POLL-SAVING 
REGS SET 

REQUEST IN ~ le 

0 0 0 ,0 r" C) 0 ~. )i ~/ () 

FROM: 
35B2 
65A3 
64D5 

RESET METER IN 

SETREQ E4....:.1 ___ -, 
METER ON - SET 

UP RETURN TO r NOSTATUS. METER 
OFF - SET UP 

RETURN TO IDLE2 

8FROM: A5 

() () "'--. " 0 

YES 

0 

A 5,---....... 

SET METER IN 

SETSAV 

( 
\--. 

D5----., 
PUT TU ADR & 

STATUS IN 
POLL-SAVING 

REGS 

PUT TU ADR ON 
ABI AND REOUEST 

IN ON AT! 

0 0 0 0 () 0 Q 0 : . . 
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Initial Selection (System/360/370) 

Objectives 

Save any stacked or pending status. 

Send status to ASI during a polling 
sequence. 

Branch to 510, TIO, HIO, or Reset. 

CKMTRIN Meter In is kept on as long as 
any DE Primes are outstanding. 

(-- ( 

SIORTN 
E1-----. 

GO DO SIO - SEE 
SIO FLOWCHART 

( ( ( ( 

~ FROM, 3601r-_______ ~ FROM, 44C3 

POLLED 
A2 A 3"":'----, 
INITIAL 

SELECTION IS SET OP IN AND 
DETECTED AT ADDRESS IN 

IDLEO IN 
IDLESCAN 

~2 . ....:.---..,1 

SAVE ADDRESS 
AND STATUS OF 

TU OWING DE 
PRIME 

SELECT TU AND 
GET SENSE BYTES 

CHECK DE PRIMES 
& SET METER IN ___ ...J 

ACCORDINGL,Y 

_-OC4----.... 
YES GO DO HALT I/O 

~-------. FROM POLLING 
OPERATION 

L~ 
L/ 

YES GO DO A 
~------+ISELECTIVE RESET 

(SELRESET) 

(
~ 

',/ 

STATUS TO 
ASI 

~5....:.---.,1 
GO SEE IF 

STATUS MUST BE 
STACKED (ENDING 

SEQUENCE) 

L~ 
L/ 

TERMACC 

NO RESET ADDRESS 

IN J 
Le 

MicroProcessor 37 

E4-----, 
POLLED ROUTINE 

FINISHED -
RETURN TO IDLE ~~~-----­

(IDLESCAN) 

L~ 
L.J' 

RESET OP INJ.. TU 
TAGSt TU BU~, & 

U ADR 

( (' 



START 1/0 and TEST I/O (System/360/370) 

Objectives 

Prevent the loss of pending status 
(SHORTBUSY). . 

Get the command from ABO and check 
its parity. 

Decode the command and branch to the 
proper microprogram location. 

• Reject any invalid commands. 

SHORTBUSY Status is stacked or pending 
for a tape unit other than the 
selected one. This status 
must be sent to ABI first. 

SELDEV Test the tape unit status and 
set Unit Check if required. 

COMDECOD Tape unit status is good. 
Decode the command and set 
up links to exit the status 
handling routine. 

o (). 
~. o 00 o C) 

MicroProcessor 38 

SHORTBSY 
D2'---_ 

SET CUE AND 
STATUS IN 

STATUS IS 
PENDING - GO TO 

IDLESCAN 

o 

l~ 
LY 

NO YES 

o o 

FROM: 37E1 

A4,------. 
SYSTEM/360 

EXECUTES A SIO 
INSTRUCTION 

SIORTN 1 
GET 

YES 

B 

TU ADR FROM 
ABO 

SET OP IN 

~~ 
L..J 

C) C) 

m:\. 
L/ FROM: 65E2 

CHAINSIO 

ENTER FROM 
ENDING SEQUENCE 

o o 
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Start I/O and Test I/O System/360/370) 

( ( 

CMDPARER 
E2!---_... 

BUS OUT CHECK 
-SET UNIT CHECK 

{ 

A3 

SETADRIN 

~
9 )~~~: 

A 3-'"---... 

SET ADDRESS ON 
BUS IN & SET 

ADDRESS IN 

CMDWAIT 

NO 

GET COMMAND 
FROM ABO 

D3-----... 
RESET ADDRESS 

IN 

& STATUS 4----C 
PENDING 

YES 

(~ ( 

ADRDEC 
84 1 

DECODE TU 
ADDRESS 

'-

SELDEV 1 __ --C4----_... 

SELECT TU AND 
GET SENSE BYTES 

E4,-'"--_ 

NON-EXISTENT 
TAPE UNIT SET 

UNIT CHECK 

L~ 
L/ 

---

YES 

( 

__ --C5...:..--_... 

SET BUSY IN 
PENDING STATUS 

D5"':"--_... 

GO TO r TERMSTAT-SEND 
STATUS TO ABI 

'---------I 

E2 

L~ 
L/ 

c (' (- ( 



';';H;::;l, .J "" ",lid Test I/O (System/360/370) 

f~ 

0' o 000 

FROM: 
39D4 
39E4 

GO TO TERMSTAT 
SEND STATUS TO 

ABI 

COMREJCT 

L~ 
L/ 

E2---....., 
SET COMMAND 

REJECT & UNIT 
CHECK GO TO 

TERMSTAT 

L~ 
L/ 

NO 

NO 

00 

READTYPE 
A41---....., 

">-N_O __ --t •• RE~~N~E tE§i.o tu 
STATUS 

WRTCHECK 
B4.---...... 

NO WRITE-TEST TU 
~---"'ISTATUS TEST FOR -------...... ~ 

FILE PROTECT 

MODETYPE _-<::4-----. 
NO TI~~-~Et ~~~G6 

">----+ MODr.; SET (PE RI-------...... ~ 

.YES 

NRZI) TEST TU 
STATUS 

CONTCMD 
D4·---_ 

FSP, FSF, FSB, 
ERG, BSPl. REWJ. 
WTM - TE:::>T FOI( 

DODSE 

FILE PROTECT 
AND TU STATUS 

E4----.., 
YES . DSE-TEST TU 

"">----. STATUS FOR FILE --.... 
INITIAL STATUS 

TO ABI-GO DO 
COMMAND PROTECT 

00 o 

TO: SENSE-41A2 DSE-57A3 
SPACE-42A- ERG-58A3 
WTM-60A2 REW/RUN-44A3 
READ-46Al WRITE-50Al 

00 o c () 00000 ( 
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Sense Operation (System/360/370) 

Objectives 

• Send Status and eight Sense Bytes to the 
System. 

RAZSTS 

INTFERR 

Initial Selection is completed, and 
Command Out and Service In are 
both inactive. 

If Service Out is active the 
system accepted the status. If 
not, the status may have to be 
stacked and the Sense operation 
terminated. 

SENSEND The system accepted the status 
and the control unit assembled 
the sense bytes. The control unit 
puts the first Sense Byte on the 
ABI. 

SNSRETRN The system accepted the previous 
sense byte. The control unit puts 
the next one on the AB I. 

(- ( ( (- (, 

B1 

GO DO A HALT 
I/O 

LEV A6 

El----... 
GO SEE IF 

STATUS MUST BE 
STACKED 

(ANYCMO) 

L~ 
L.J 

( 

YES 

RAZSTS 

FROM: 40E5 

A 2:"":'----........ 
ENTER FROM 

START I/O 

J 
SEND STATUS TO 

ABI 

NO YES 

MicroProcessor 41 

(-

SENSEO 
A 3,----__. 

STATUS IN 

SELDEV 

GET SENSE DATA 
FROM TAPE UNIT 

SENSEB ! 
_-<::3....:.---.. 

ASSEMBLE SENSE 
BYTES 

SENSEND 

PUT FIRST SENSE 
BYTE ON ABI 

~~FROM: B4 

~ 
E3~"":'---... 

DO A HALT I/O 
(HIOLINK) 

L~ 
L/ 

(- c c 

~----------~~--------~I SNS~~ 
A 5"':"--....... 

88 
RAZSVC ~~ ______ .. 

SET SERVICE IN 

YES 

ES J 
G 

RESET SERVICE 
IN PUT NEXT 

SENSE BYTE ON 
ABI 

SNSEXIT 5 1 
CLEAR PENDING 

STATUS 

COMDRTN 

GO TO ENDING 
SEOUENCE 

(COMDRTNl ) 

L~ 
L/ 

( ( 
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Space Operation (System/a60/370) 

Objectives 

FWDSPBL The microprogram decoded a 
Forward-Space-Block command. 
Enter fram CONTCMD (40E5)'. 

FWDSPFL The microprogram decoded a 
Forward-Space-File command. 
Enter from CONTCMD (40E5). 

BKSPBL 

BKSPFL 

The microprogram decoded a 
Backward-Space-Block command. 
Enter from CONTCMD (40E5). 

The microprogram decoded a 
Backward-Space-File command. 
Enter from CONTCMD (40E51. 

CKMOVIN The command is a Backward 
Space. A forward read command 
is sent to the tape unit to cause a 
forward hitch. If the tape unit is 
in backward status the 
microprogram delays while the 
tape unit changes to forward 
status. 

TUCOM 

TUMOVE 

TACFAIL 

PBURST 

Forward Space: The Forward 
Space command is sent to the 
tape unit. No forward hitch was 
executed. If the tape unit is in 
backward status, the 
microprogram delays while the 
tape unit changes to forward 
status. 

Backward Splice: The backward 
space command is sent to the 
tape unit following a forward 
hitch. A deiay is needed while 
the tape unit changes to 
backward status. 

The tape unit is in the proper 
directional status. Send 'Move' to 
the tape unit to start tape motion. 

The tach pulses indicate the 
capstan is not moving at the 
correct speed. 

The capstan is moving forward at 
the correct speed. If the tape 
started at load point, test for a 
PE identification burst. 

c 

(j ,r~ C) "---; 
r-) 
'",- . 0 .. 0 C) 

~
2 ~~~~: 
A2 

FWDSPBL 
A2~~--..... 

SET FORWARD 
SPACE BLOCK 

STATS 

DELAY FOR 
TURNAROUND 

SEND MOVE TO 
THE TAPE UNIT 

NO 

YES J 48 

A3 

FWDSPFL 

~
2 ~~~~: 

A3i~--..... 

SET FORWARD 
SPACE FILE 

STATS 

B3----.. tREADF
' DO A FORWARD 
HITCH (TUCOM 
WITH RDF CMD) 

TACFAIL E3,-----, 
SET TACH FAIL 

AND GO TO 
STOPTAP 

L~ 
L/ 

0 0 0 0 ('\ (...." .r'\ 
"'-~ ~, "'--~ 

A4 

BKSPBL 

~
2 ~~~~: 

NO 

J 

A41....z.---'""I 

SET BACKSPACE 
BLOCK STATS 

DELAY FOR 
TURNAROUND 

('\ 

"'-~ () 0 

~ ~§~' 

BKSPFL ct A 5""--_ 

0 

SET BACKSPACE 
FILE STATS 

-c5~1 
SET UNIT CHECK 
& GO TO ENDING 

SEQUENCE 
(BCHOK) 

E5,---_ 

GO DO NRZI 
SPACE 

(NRZFEAT2) 

() (-" 
<~ 

(1 
0 

• 

,0 0 0 0 0 r~ (' 

"-.j '0 '\ 
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Spaca Operation (System/360/370) 

BOBSCH Entry from 4205: A PE 
Identification Burst is present (the 
tape unit is spacing a PE tape 
forward, starting at load point). 

(TSTIBG) 

(lBGX) 

Entry from 42E4,: The tape unit 
is spacing a tape forward which 
was not positioned at load point, 
or was not in NAZI mode. 

Entry from TSTIBG: An 
inter-block gap, tape unit 
interrupt, or tape mark has not 
been found. Continue to loop. 

Entry from IBGX: An inter-block 
gap has been detected but 
Beginning-of-Block has not. 
Continue looping until a block 
has been spaced over. 

Entry from 43A4: An inter-block 
gap and a Beginning-of-Block 
have been detected, but this is a 
space file operation. Continue 
looping until a tape mark is 
detected. 

SPACEOP If a Tape Unit Interrupt is 
detected, the tape unit has 
become 'not ready.' 

TSTTM 

CASTST 

A tape mark has been detected. 

An inter-block gap has been 
detected during a space block 
operation. The delay allows the 
IBG indication time to become 
inactive if the indication was 
caused by a crease. 

WAITENO Space File: A tape mark has 
been detected. Wait for IBG 
before stopping tape. 

Space Block: Wait until the IBG 
indication is valid (part of crease 
check) and stop the tape. 

(- ( ( ( ( 

_-<::1-----, 
SET UNIT CHECK 
& GO TO ENDING 

SEOUENCE 
(STOPTAP) 

lm:\. 
L/ 

( 

.. 

SEND SHORT GAP 
TO TU 

TSTIBG 

IBGX 

oj 
G 

f (- ( ( (/ 

CRSTST _-<::4---....., 
DELAY TO SEE IF 

THIS IS A 
CREASE 

(-

SET UNIT 
EXCEPTION 

E5 ...... ---.. 
SPACE OP 

FINISHED. GO TO 
ENDING SEOUENCE 

(STOPTJtP) 

lm:\. 
L/ 

( ( 
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Rewind/Rewind Unload (System/360/370) 

Objectives 

("-'" 
'",-yl 

To move tape forward a short distance 
(forward hitch) and then backward at 
high speed to the beginning of tape 
(BOT). 

If in a Rewind Unload command, unload 
the tape unit when BOT is reached. 

Tape is not pulled out of the columns 
during the high speed rewind. 

REWUNL 

SHERG 

The command is a Rewind 
Unload. If tape is at BOT, no 
forward hitch is needed; go to 
RUN4 to unload. 

The tape unit is in write status. 
Prepare for degauss before 
rewinding. 

WRTMOVE4 Move tape 1.5 inches beyond the 
last block written before 
degaussing. 

READB1 

REWHIT 

TUCOM 

DELAY3 

HITCH2 

"c--."., 

\...J) 

Tape has been positioned beyond 
the last block written. Set up to 
move tape backward. Degauss 
will occur when tape unit status 
is switched from write to read 
status (TUCOM). 

Tape unit is in read status. Set 
up for a forward hitch before 
rewinding. 

Turn on Command Tag and get 
the command status. If status is 
bad, set Tape Unit Reject and 
terminate the operation. 

Wait 3 milliseconds for degauss 
to finish. 

Hitch tape forward. 

r''In, ('~ ~10 () ... J \J \,,-y. (j 0 () 0 0 , ,;" 0 ., . 0 

SHERG ,....-C2---....., 
SET UP TO MOVE 

TAPE FORWARD 
FOR DEGAUSS 

WRTMOVE4 1 
D2:"':"--_ 

MOVE TAPE 
FORWARD TO 

PLACE DEGAUSS 
BURST AWAY FROM 

LAST BLOCK 

READB1 
E2: ...... --....., 

SET UP FOR A 
READ BACKWARD. 
STORE EXPECTED 
COMMAND STATUS 

0 (\ 0 ",-) 

FROM: 40E5 

REWHIT 1 
D3·...:..--_ 

SET UP TO HITCH 
TAPE FORWARD 

(STORE READ 
COMMAND) 

TURN ON COMMAND 
----+~ TAG AND GET --.... 

COMMAND STATUS 

~ 0 IJ 0 0 ,,) \", .. 0 0 0 ,-

YES STORE EXPECTED 

',. " 

0 0 

STATUS 

L~ 
L/ 

0 0 0 0 0 
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Rewind/Rewind Unload 

REWDL Y Wait 300 milliseconds to ensure 
. that multiple tape units do not 

start to rewind simultaneously. 

TUCTRL Transfer Command and Control 
Tags to start tape rewinding. Get 
the tape unit control status. If 
status is bad, set Tape Unit 
Reject and terminate the 
operation. 

If status is good, run internal 
diagnostics and return to 
IDLESCAN. The tape control 
releases the tape unit. 
Independent circuits in the tape 
unit cause tape movement to 
continue until the operation is 
completed. 

( ( (- ( ( 

FROM: 
44E4 

DELAY3 1 
r---C2~----. 

WAIT 3 
MILLISECONDS 

FOR DEGAUSS TO 
FINISH 

NO 

RUN4 

~ ~~~' 

j' 
A3,~----. 

STORE RUN 
COMMAND 

HITCHl 
r---C3~----. 
SET UP TO MOVE 

TAPE FOR A 
COUNT OF FOUR 

TACH PULSES 

HITCH2 1 
D3; ..... ---""'I 

TRANSFER MOVE 
AND COMMAND 

TAGS TO MOVE 
TAPE 

STORE EXPECTED 
CONTROL STATUS 

AND COMMAND 
(REW OR RUN) 

MicroProcessor 45 

REWDLY 
A4,----"'" 

WAIT 300 
MILLISECONDS 

----~~.~ BEFORE STARTING 
REWIND 

1'UCTRL 1 
64 ..... ---"'" 

TRANSFER 
CONTROL TAG TO 
SET COMMAND IN 

TAPE UNIT 

r--C4~----. 

GET TAPE UNIT 
CONTROL STATUS 

NO 

(: (-

~ 
FROM: 

05 44E4 

TUREJ 

SET TAPE UNIT 
REJECT IN SENSE 

DATA 

E5~----. 

GO TO ENDING 
SE~UENCE 
(STOPTAP) 

Lm:'\ 
L/ 

(/ ( c 
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Read Operation (System/360/370) 

Objectives 

r,"" 
",-,) 

To read data (PE or NRZI) in either 
direction. 

CHKDIAG Determine the type of read 
command. 

READF2 

TUCOM 

CKMOVIN 

The command is a Read 
backward. The tape must be 
hitched forward. Send the Move 
tag to the tape unit with a 
Read-forward command. 

If the command is 
Read-backward, the forward hitch 
is completed. Send the 
Read-backward command to the 
tape unit. If the command is 
Read-forward send it to the tape 
unit. 

Check the command status byte. 
If it is not good reject the tape 
unit and terminate the operation. 

READDATA The tape is not at BOT. Compare 
old and new tape unit status and 
use the results to set up tach 
counts according to tape model. 

READ2 Same as READDATA except the 
tape is at BOT. 

TACCOUNT Verify that tape, is moving and at 
correct speed. If not, reset the 
Move tag to stop tape and 
terminate the operation. 

PBURST 

/(,,--"".' 

Tape is at BOT. Start looking for 
PE 10 Burst. If no burst is found, 
the tape is recorded in NRZI. 
Determine if the tape control and 
tape unit are capable of reading 
NRZI. 

I~-" (~ r~ C) i 
'"j " j! \, jI 0 0 

\J 

FROM: 40E5 

COUNT 1 
.---<::2"':"----. 

READF2 

HITCH THE TAPE 
FORWARD 

STORE THE 
COMMAND (READ 

OR READ 
BACKWARD) 

0 0 0 () 

DELAY FOR 
TURNAROUND 

0 0 (r-'" 

f", ) 

READDATA 1 
B3-----... 

SET TACH COUNTS 
ACCORDING TO 

TAPE MODEL 

TUMOVE 1 
.---<::3"':"----. 

TRANSFER MOVE 
TAG TO TAPE 

UNIT 

YES 

NO 

YES 

~ 11 0 ,r'\ 
~-.) ",y '0 

READ2 A4----., 
SET UP TACH 

COUNTS 
ACCORDING TO 

TAPE MODEL 

84 1 
TRANSFER MOVE 

TAG TO TAPE 
UNIT 

TACFAIL 1 
D4"':'---., 

0 

SET TACH 
FAILURE IN CU 
SENSE BYTE 3 

l~ 
L/ 

(} ~. 
() ", ' 

0 

PBURST 

C) 

B5-----. 
COUNT 312 TACH 

PULSES BEFORE 
CHECKING FOR PE 

BURST 

SET NOT CAPABLE 
IN CU SENSE 

BYTE 1 

" 

0 

l~ 
L/ 

• 

0 0 0 () () () 
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Read Operation (System/360/370) 

BOBSCH 

STRD 

The tape is recorded in PE. Start 
searching for the beginning of the 
data block. 

Three data bytes are buffered in 
the LSR. If an error is detected 
as a phase error, the byte is 
corrected just before it is sent to 
ABI. Only single-track errors are 
corrected. 

TSTPHER The all-ones marker has been 
detected. Check for any 
accumulated phase errors. 

I WAITEND The postamble is being read. 
When the IBG is detected, reset 
Service In and stop tape. 

( ( ( ( 

01'-'----, 

SET UNIT CHECK 
& GO TO ENDING 

(STOPTAP) 

L~ 
L/ 

(, -" 

/ 

NO 

~ 

( "': (-: 
,/ " 

( (-

FROM: 
46E3 
46E4 
46C5 

~GI 
A 3,'-' '---... 

TRANSFER DATA 
INTO LSR 

~ 

fIRSTRD 1 
031"":'---.., 

TRANSFER DATA 
-- s~.fT~E~SI~~I IN 

YES 

YES 

( 

WRONG B4,----.., 
CORRECT BYTE 

WITH PHASE 
ERROR INFO 

TSTPHER 
041"":'---.., 

TEST FOR 
INVALID 

CORRECTION OF 
PHASE ERRORS. 

SET SENSE. 

--- --- --------------------------------

(' ( c 



Read Operation (System/360/370) 

SETTUNR 

NRZREAD 

NRZBKR 

The tape is at BOT and is a NRZI 
tape. Start looking for the first 
data byte. 

The tape is not at BOT and is a 
NRZI tape. Start looking for the 
first data byte. 

This is a NRZI Read-backward 
operation. The first bytes read 
are the LRC and CRC characters. 
Store the check characters, for 
use at the end of the read 
operation. Then start looking for 
the data bytes. 

I CRCFRD A data byte has been read and 
parity checked. The LRC and 
CRC characters are calculated 
each time data is read. 

Ir~ 
',,-)/ 

TWOUSLOP Loop for two microseconds 
searching for data. If none is 
found. a byte may have been lost. 
Loop again for two microseconds. 
If still no data. search for the 
CRC and LRC characters. If 
reading backward. send the last 
byte read to AB I. 

C) ~) () 

?8 ~~g~: 
A1 

SETTUNR 
A1----..... 

SET TAPE UNIT 
TO NRZI AND GET 

STATUS 

LPDEL 

WAIT 25 MSEC 
FOR LOAD POINT 

DELAY 

14g1)-'1 ~~~~: 
NRZREAD 

D1----..... 

SET UP FOR NRZI 
READ OPERATION 

YES 

000 0 0 

FRj' D~8-, 
SVOISOK A4--+ ______ ~ 

FRO~8 
NRZBKR 

READ IN LRC & YES 
CRC CHARACTERS 

FIRST 

CORRECT 

SET VRC ERROR 

NO 

CRCFRD 1 _--<::3,--------... 
CALCULATE CRC & 

---.-.~ LRC CHARACTERS 

a 0 0 0 0 () 0 .;' Q I /' 

CRCER 

0 

TRANSFER DATA 
BYTE TO THE 

SYSTEM 

E4---..... 

SET CRC ERROR 
IN CU SENSE 

BYTE 5 

L~ 
L/ 

t) 0 ('1 
"'-' "'--3 

TWOUSLOP 

YES 

CRCSRCH 

1 
NO 

,. 

0 

LOOK FOR CRC 
CHARACTER 

COMPARE CRC 
READ WITH 

EXPECTED CRC 

.' 
0 ,. 0 0 0 0 0 (-

\. 
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Read Operation (System/360/370) 

STOPTAP The operation is completed or an 
error has occurred. Reset Service 
rn and the Move tag. Store the 
sense data, run the internal 
diagnostics, and update tape unit 
status before returning to Idle. 

( ( ( ( ( ( ( 

~ [~~~ _ i' 4BE5 

A 2-----.... 

LOOK FOR LRC 
CHARACTER 

CKTHELRC _2-----... 
COMPARE LRC 

READ WITH 
EXPECTED LRC 

SETLRCER 
E2...:.---... 

SET LRC ERROR 
CU SENSE BYTE 5 

YES 

MicroProcessor 49 

( 

B3-----, 

R":\. L/-+ 
FROM: 
4604 
46E5 
47E4 

( ( ( 

49 4602 [Y FROM: 

TUREJ 

04 148B1 

D4-:"----. 

RESET MOVE TAG ~.~------

GO TO ENDING 
SEQUENCE 
(STOPTAP) 

L~ 
L/ 

SET.TAPE UNIT 
REJECT 

( ( ( ( ( ( ( 
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Write Operation (System/360/370) 

Objectives 

To write data (PE or NRZI) on tape. 

WRITE 

TUCOM 

Check the status of the tape unit. 
If in forward status, store the 
write command. 

If in backward status, wait for 
turnaround sequence before 
storing write command. 

Get the command status and set 
the tape unit to write status. If 
command status is not good, 
reject the tape unit and terminate 
the operation. 

STATOI("- Check if tape is at BOT. If it is, 
set up to write PE 10 Burst. 

WRTMOVE Determine if NRZI is installed in 
tape control. If not, go to 
TUMOVE. 

C) 

FROM: .40E5 

WRITEOl 

STORE WRITE 
COMMAND 

STORE EXPECTED 
STATUS 

NO 

MicroProcessor 50 

DELAY35 
B2'---_ 

WAIT FOR 
TURNAROUND TO 

FINISH' 

00 

TUCOM 
A 3,---_ 

TURN ON COMMAND 
TAG TO TAPE 

UNIT 

.,l 
GET COMMAND 

STATUS FROM THE 
TAPE UNIT AND 

CLEAR THE TAPE 
UNIT BUS 

COMPARE ACTUAL 
AND EXPECTED 

STATUS 

J:~3>-1 
..---E3 

FROM: 
51C5 

SET TAPE UNIT 
REJECT 

o o o 

.. 
..---E4 

GO TO ENDING 

o 

SE~UENCE 
(S OPTAP) 

l~ 
L/ 

o 

WRITE07 
A 5,---....., 

SET UP TO WRITE 
PE 

IDENTIFICATION 
BURST 

0000000 ( 



{ ( ( ( 

Write Operation (System/360/370) 

FEATWRT Tape control has NRZI installed. 
Determine if tape is at BOT. If 
not at BOT, check if this is a 
NRZI operation. If it is, set up 
controls for a NRZI write. If not, 
go to TUMOVE. 

DUALDEN Tape unit has dual density feature 
and is at BOT. Check that a 
Mode Set command has been 
issued. 

SETUPNR 

SETLPDl 

TUMOVE 

A Mode Set command was 
issued. Set the tape unit to NRZI 
and check the status. 

Set controls to cause a load point 
delay before the first data block 
is written (NRZI only). 

The tape unit status is good and 
ready to write (PE or NRZI). 
Transfer Move Tag to get tape 
moving. 

WRTMOVEO The tape unit is in write status 
and Move Tag transferred. When 
gap control is detected, the tape 
unit is up to speed. The tach 
pulses from the capstan motor 
are measured to determine when 
the capstan is up to speed. If the 
capstan does not reach full speed 
within a predetermined time, go 
to TACFAIL. 

WRTMOVEl Set up to count and time tach 
pulses to verify tape speed. If 
tape speed is not good, set 
tachometer check and terminate 
the operation, or set Start 
Velocity Check and continue the 
operation. 

( ( 

FROM: 
50B4 

SETR21 1 ...--c:1----.... 
SET UP FOR A 

NRZI WRITE 
OPERATION 

YES 

NO 

TACFAIL 
D2------. 

SET TACHOMETER 
CHECK IN TAPE 
CONTROL SENSE 

BYTE 5 

GO TO ENDING 
SEOUENCE 
(STOPTAP) 

l~ 
L./' 

( ( ( 

BOTA 

YES 

SETUPNR 

CLEAR TAPE UNIT 
TAGS 

~-+1 ~~~~: L.::I' ~4~--------------------~ 
SETUPNRZ 1 

85----.... 
TUMOVE 

NO 

B3"';'---.., 
TRANSFER MOVE 

AND COMMAND 
TAGS TO THE 

TAPE UNIT 

WRTMOVE1 1 D3------. 
COUNT AND TIME 

TACH PULSES 

SETLPD1 
4~--..... 

SET UP TO WRITE YES 

SET ALTERNATE 
DENSITY IN TAPE 

UNIT AND READ 
TAPE UNIT 

STATUS 

A LOAD POINT .--------C 
DELAY 

8 D:l 
SET START 

VELOCITY CHECK 

( ( 



Write Operation (System/360/370) 

;<'-~ 

<;; 

PBWPGM The tape unit is at BOT and in PE 
Mode. Write the PE I D Burst 
before writing data on tape. 

WRDAPGM The PE ID Burst has been written 
or the tape is not at BOT. Write 
a preamble of 40 zeros and an all 
ones marker. 

WRTDAT A The preamble is written. Service 
Out up indicates a data byte is 
ready to be written. Get the data 
byte from the channel and check 
it for parity. If parity is bad, set 
Bus Out·Check. 

WRDA5 

JRK024 

REQU 

WRTONES 

r~, 

\ ... J) 

Make sure Service Out is down 
before requesting another data 
byte. If Service Out is up, go to 
ORUN. 

Write the' byte on tape and 
perform a parity check on any 
byte which has been read back. 
If parity is bad, set VRC error. 

Raise Service In to get another 
byte from the channel. 

The last data byte has been 
written. Write the postamble and 
continue read back check until the 
end of the block is sensed. 

r~ 
._j 

WRDAPGM 
r---B1 

SET UP TO WRITE 
PREAMBLE 

ZER038 1 __ -c 1"':"---.., 

WRITE 40 ZEROS 
AND AN ALL ONES 

MARKER 

.. 

YES 

.. 

YES 

PBWPGM 

WRITE A PE 
IDENTIFICATION 

BURST 

ERGPGM 
~B2 

1 
ERASE A 3-INCH 

GAP AFTER THE 
BURST 

D2~---__ 
GET DATA 

BYTE.l.RESET 
SEKVICE 

IN,CHECK BYTE 
PARITY 

0000 000 0; ,. 

FROM: D2 G 

.. 
JRK024 

B3;..:..----. 

WRITE THE BYTE 
ON TAPE 

D3 . ...:..--..... 

o o 

NO 

SETBCHK 

ORUN5 

A4----... 

SET BUS OUT 
CHECK 

FROM: 

B4----... 

SET OVERRUN 
ERROR 

WRTONES ORUN6 
...---<::5 . ..:..--..... 41---..., 

WRITE 
POSTAMBL~i~N 

ALL ONES JVlJ\KKER ..... 1-----1 
FOLLOWED BY 40 

RESET SERVICE 
IN 

ZEROS 

STRD 1 ...--D4 

CONTINUE 
READ BACK CHECK 
TO END OF BLOCK 

TES TPHER 
-E4 

INDICATE ANY 
PHASE ERRORS 

00 0', C''\ ~ ~i j 

• 
r---E5 

GO TO ENDING 

o 

SE~UENCE 
(S OPTAP) 

L~ 
L/ 

o o o o 00 
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Write Operation (System/360/370) 

LPDLY2 Tbis is a NRZI write operation 
and tape is at BOT. Set up for a 
load point delay. 

NEXTBYT Check the condition of Service 
Out. If down, and Command Out 
is also down, go to LBYTE to 
finish up. If Command Out is up, 
set Overrun Error and go to 
LBYTE. 

CLSERIN 

If Service Out is up, get the next 
data byte from the channel. 

Check for correct parity. If bad, 
set Bus Out Check. 

Reset Service In. 

DATOLRC Update the LRC and CRC 
characters. Write the data byte 
on tape. 

( ( ( 

LPDLY2 
B1""""'----, 

SET UP TACH 
COUNT FOR LOAD 

POINT DELAY 

TACCOUNT 
1 1 

WAIT FOR DELAY 
TO TIME OUT 

YES 

(: 

FROM: 
51E4 

NRZIWRT2 
D2' .... --..... 

SET UP FOR NRZI 
WRITE OPERATION 

SYNCHRONIZE 
WITH THE WRITE 

CLOCK 

( 

FROM: 
54D5 

GET DATA BYTE 
FROM CHANNEL 

RESET SERVICE 
IN 

DATOLRC 

UPDATE THE LRC 
CHARACTER 

-

NO 

PERC 

( 

RESET SERVICE 
IN 

,..--C4----.. 

SET BUS OUT 
CHECK 

E4,-----, 

WRITE THE DATA 
----t~.1 BYTE ON TAPE 

NO 

(~" 

OVRUN1 A 5---....., 
SET OVERRUN 

ERROR IN TAPE 
CONTROL SENSE 

BYTE 0 

m:\. FROM: 
~ .... 54B2 

LBYTE 
_-<::5 .... --_ 

SET ENDING 
STATUS, GO 

SHIFT CRC 
CHARACTER AGAIN 

CRCFRD 
E5, .... --..... 

UPDATE THE CRC 
------~~~ CHARACTER 

L~ 
L/ 

c 
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Write Operation (System/360/370) 

LOP 

END1 

DLY 

r.''''' 
"'J 

Check if Ending Status bit is on. 
Ending Status is set when the 
last data byte has been written 
(LBYTE). 

Ending Status is on. Set up a 
counter to ensure correct spacing 
between check characters. 

Wait until either a byte is read 
back or another byte is to be 
written. 

Each time a byte is written until 
the first' byte is read back, a 
counter is stepped. The counter 
is maintained to ensure that tape 
is moving at the proper speed in 
the early stages of the write 
operation. The first byte should 
be read back after writing 
112-128 byte. If no data has 
been read back (tape velocity OK 
bit not on) before 128. bytes have 
been written, Tape Velocity Check 
is set. If a byte arrives before 
112 bytes have been written, the 
No Noise Bit is not turned on, 
causing VRC error to be set 
during read back check of the 
byte. 

When a byte is read back, parity 
is checked. If parity is bad, or if 
the No Noise bit is not set, VRC 
error is set. 

;"" r--""'" () i ) , ' 
~ \ .. ./ 

r) \..; 0 0 

LOP 

SETSERI 

FROM: 
53E5 

SET SERVICE IN 

rsr.\. FROM: L,/'-+ 55E2 

DLY 

DLY1 

0 0 0 

YES 

YES 

~ J 

SET UP CHECK 
CHARACTER 

COUNTER 

LrsI:\. 
L/ 

B2'-----, 
SET OVERRUN 

ERROR IN TAPE 
CONTROL SENSE 

BYTE 0 

0 

L~ 
L/ 

~ ('\ 
~,) 0 0 \..y 

,rll 
0 0 0 

A4-----. 
ADD 1 TO TAPE 

VELOCITY CHECK 
COUNTER 

SETNOI 

0 

E4,------. 

SET NO NOISE 
BIT 

() 0, r'", 
,,--) ",--y 

NO 

YES 

NO 

0 

SET VELOCITY 
CHECK 

~ 

C) 

Lm:\. 
L/ 

FROM: 
55C4 
55C5 

0 0 0 0 0 ,/ 

I 
'-
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Write Operation (System/360/370) 

ENCHAR 

END4 

Ending Status is set; step the 
check character counter. The 
counter is stepped three times 
before writing each check 
character. (See END1.) 

If LRC Status is off, write the 
CRC character and turn on LRC 
status. 

If LRC Status is on, write the 
LRC character and set End Data 
Status. Return to DLY. 

( ( ( ( ( 

~ ~~~~' 

. i' 
A 1-----"'"1 

SET TAPE 
VELOCITY OK BIT 

ON 

1 0 ~ 
...--<::1 ..... --......, 

GET BYTE READ 
FROM TAPE UNIT 

YES 

r---E1 

SET VRC ERROR 

( 

~ ~~~~' 

ENCHAR 

. r 54D5 

~ 

A 2:"":"--__ 

STEP CHECK 
CHARACTER 

COUNTER 

J 
WRITE THE LRC 
CHARACTER AND 
SET END DATA 

STATUS 

r---E2 

GO TO 

1· 
DELAY 

L~ 
L/ 

NO 

( 

FROM: 
54B5 
56D4 

RESTO 

J 
SET DATA TIMING 

ERROR 

GO TO ENDING 
SEOUENCE 
(STOPTAP) 

L~3 A2 1..-____ -. 

END5 

WRITE THE CRC 
CHARACTER AND 

SET LRC STATUS 

-

( ( 

~ ~~~~' 

DATCTR 
. i4 

A4, ..... ---"'"I 
STEP READ DATA 

CHECK COUNTER 

( 

NODATA 
B5,---......, 

SET CRC 
CHARACTER ON 

D5, ..... --......, 

SET VRC ERROR 

( ( 



Write Operation (System/360/370) 

CKCRCW The byte read back is the CRC 
character. Compare the CRC 
written with the CRC calculated. 

TWOUSLOP Wait for the LRC character. 

CRCR01 The byte read back is the LRC 
character. Cdrnpare the 
calculated LAC with the LRC read 
back. 

COUNT16A Loop for is data periods before 
stopping t~pe. If no more data is 
read back check for any skew 
errors and go to STOPT AP to 
terminate the operation. 

() 

SETCRCE 
81-----.., 

SET CRC ERROR 
IN SENSE DATA 

0000 o 00 o o 

FROM: 
55C4 

YES 

RDDON ...-......c;3,----....., 
TURN OFF WRITE 

CLOCK AND SET 
LRC COMING 

STATUS 

DATASOCH 1 03,----....., 
START LOOKING 

FOR LRC 
CHARACTER 

YES 

o o o 

CRCRD1 A4,---....., 
READ 8ACK THE 
LRC CHARACTER 

TO COMPARE WITH 
CALCULATED LRC 

COUNT16A 4,----....., 
DROP MOVE TAG 

FOR 3 TACH 
CYCLES 

COUNT". 1 
04,...:.--...... 

RAISE MOVE TAG 
FOR 16 MORE 

DATA PERIODS 

L~ 
L/ 

NO 

o o 00 

SETLRCE 

o I,,) 
~ 

85,---_ 

SET LRC ERROR 
IN SENSE DATA 

0000 o o 
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Data Security Erase (OSE) 

Objectives 

To erase tape from its present position to 
the end of tape (EDT) marker. 

ERASETI 

TUCTRL 

TUREJ 

The Data Security Erase 
command was decoded during 
the CONTROL routine. To enter 
the DSE routine. tape unit status 
must indicate write status. not at 
EOT. and not file protected. 

Tape unit status is good. Transfer 
the Control tag and Command to 
the tape unit. Read in the status 
byte from the tape unit. 

If tape unit status is good. store 
the sense data. run internal 
diagnostics. and return to IDLE. 

The tape control releases the tape 
unit. Independent circuits in the 
tape unit cause tape movement 
to continue until EDT is sensed. 

Tape unit status is bad. Set tape 
unit reject and terminate the 
operation. 

( ( ( ( (-

GO TO ENDING 
SEQUENCE 

(BCHOK) 

L~ 
L/ 

MicroProcessor 57 

( ( ( 

FROM: 40E5 

ERASETI 1 
B3,....:.--....... 

SET ERASE 
COMMAND BIT 

TUCTRL 1 
.---C3,"'---" 

YES 

TRANSFER 
CONTROL TAG AND 
DSE COMMAND TO 
TAPE UNIT. GET 
CONTROL STATUS 

NO 

TUREJ 

( (' 

D41------. 

SET TAPE UNIT 
REJECT 

GO TO ENDING 
SEQUENCE 
(STQPTAP) 

L~ 
L/ 

(-' c ( 



Erase Gap Command (System/360/370) 

Objectives 

To erase a 3 inch gap on tape. 

STATOK 

FEATWRT 

SETUPNR 

Check that tape is at BOT. If 
it is set up to write PE I D 
Burst. 

Tape control has NRZI 
installed. Determine if tape is 
at B~)T, if the tape unit has 
NRZI feature, and if this is a 
NRZI operation. If so, go to 
SETUPNR to prepare for a 
load point delay. 

Set the tape unit to NRZI 
mode, and check status. If 
status is bad, set Tape Unit 
Reject and terminate the 
operation. 

TUMOVE The tape unit status is good 
and ready to erase tape. 
Transfer Move Tag to get 
tape moving. 

WRTMOVEO The tape unit is in write 
status and Move Tag 
transferred. When gap control 
is detected t!1e the tape unit 
is up to speed. 

WRTMOVE1 

PBWPGM 

ERGPGM 

LPDLl2 

I"'~''''. 

'0: 

Set up to count and time tach 
pulses to verify tape speed. If 
tape speed is not good, set 
Tachometer Check and 
terminate the operation, or set 
Start Velocity Check and 
continue the operation. 

The tape unit is at BOT and 
in PE Mode. Write the PE ID 
Burst before erasing tape. 

Erase 3 inches of tape and go 
to ending sequence. 

This is a N RZI operation' and 
tape is at BOT. Perform a 
load point delay and go to 
ending sequence. 

o 000 00 

WRITE07 
B2~---...., 

SET UP TO WRITE 
PE 

IDENTIFICAT.ION 
BURST 

o o o o 

FROM: 40E5 

Q A3 
ENTER AT 

WRITE04 OF 
WRITE OPERATIO ..... ' 

WRITE04 

SETUPNR 4---_ 
CLEAR TAPE UNIT 

TAGS, SET ALT. 
DENS. IN TAPE 

UNITt GET TAPE 
UN T STATUS 

NO SET TAPE UNIT 
~------~IREJECT IN SENSE 

TUMOVE 
E3:....I.---.. 

TRANSFER MOVE 
AND COMMAND 

SETLP01 1 
E4I....1.----. 

TAGS TO THE .,.,.f----­
TAPE UNIT 

SET UP TO WRITE 
A LOAD POINT 

DELAY 

o C) o o o o 

DATA 

ESi....l.----, 

GO TO'ENDING 
SE~UENCE 
(STOPTAP) 

l~ 
L/ 

00 o o o o 



( ( ('~ 

' .... -
c- ( ( ( 

Erase Gap Command (System/360/370) 

( 

TACFAIL 

(- ( ( ( (-

WRTMOVEl 
A 2-----. 

YES COUNT AND TIME 
~-------. TACH PULSES 

r---C2"":"--_ 

SET START 
VELOCITY CHECK 

El-----~ 
SET TACHOMETER 

CHECK IN TAPE 
CONTROL SENSE 

BYTE 5 

(-

PBWPGM 
r---C 

WRITE A PE 
IDENTIFICATION 

BURST 

ERASE A 3-INCH 
GAP ON TAPE 

( ( ( 

PE NRZI 

( 

NO 

LPDLY2 
r---C5------. 

SET UP AND 
EXECUTE A LOAD 

POINT DELAY 
(ERASE SIX 

INCHES OF TAPE) 

GO TO ENDING 
SE~UENCE 
(STOPTAP) 

Lm:'\ 
L/ 

(~' 

. / 

( ( 



Write Tape Mark (System/360/370) 

dbleatlves 

• To write a PE or NRZI tape mark. 

• The subsystem generates the tape mark; 
no data is transferred between CPU and 
the subsystem. 

STATOI< 

FEATWRT 

SETUPNR 

TUMOVE 

Check that tape is at BOT. If 
it is set up to write PE 10 
Burst. 

Tape control has NRZI 
installed. Determine if tape is 
at BOT, if tape unit has NRZI 
feature, and if this is a NRZI 
operation. If so, go to 
SETUPNRto prepare for a 
NRZI operation beginning with 
a load point delay. 

Set the tape unit to NRZI 
mode, and cbeck status. If 
status is bad, set tape unit 
reject and terminate the 
operation. 

The tape unit status is good 
and ready to write the tape 
mark. Transfer the Move Tag 
to get tape moving. 

(".) \.... .. o 000 000 00 

FROM: 40E5 

(]A2 
ENTER AT 

WRITE04 OF 
WRITE OPERATION ..... "", 

WRITE07 
B3;---_ 

SET UP TO WRITE 
YES PE 

IDENTIFICATION 
BURST 

62D2~1.---------------------~ 
TUMOVE 

E2"':'---.. 
TRANSFER MOVE 

AND COMMAND 

SETUPNR 4.----... 
CLEAR TAPE UNIT 

TAGS,SET ALT. 
DENS. IN TAPE 

UNITt GET TAPE 
UN T STATUS 

SETLPD1 
E~L..---... 

TAGS TO THE ~.-------------------------------­TAPE UNIT 

SET UP FOR A 
LOAD POINT 

DELAY 

Lm:\. 
L/ 

TUREJ 
D5---__. 

NO SET TAPE UNIT 
REJECT IN SENSE 

DATA 

GO TO ENDING 
SEOUENCE 
(STOPTAP) 

L~ 
L/ 

C)() 00000 o o c 
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Write Tape Mark (System/360/370) 

WRTMOVEO 

WRTMOVEl 

PBWPGM 

LPDLY2 

The tape unit isin write status 
and Move tag transferred. When 
gap control is detected the tape 
unit is up to speed. Go to 
TACFAIL if full speed is not 
reached in a predetermined time. 

Set up to count and time tach 
pulses to verify tape speed. If 
tape speed is not good, set 
Tachometer Check and terminate 
the operation, or set Start 
Velocity Check and continue 
the operation. 

The tape unit is at BOT and 
in PE Mode. Write the PE ID 

. Burst before writing the tape 
mark. 

This is a NRZI operation and 
tape is at BOT. Perform a 
load point delay. 

( ( ( 

TACFAIL 

FROM: 
60E2 

Dl~---, 
SET TACHOMETER 

CHECK IN TAPE 
CONTROL SENSE 

BYTE 5 

GO TO ENDING 
SEOUENCE 
(STOPTAP) 

YES 

(~ (- ( 

WRTMOVEl A 2-----. 
COUNT AND TIME 

TACH PULSES 

SET START 
VELOCITY CHECK 

MicroProcessor 61 

FROM: 

WRITE A PE 
IDENTIFICATION 

BURST 

EROroM 1 
r---c3~----, 

ERASE A 3-INCH 
GAP BEFORE 
WRITING THE 

TAPE MARK 

WRITE THE PE 
TAPE MARK 

NO 

( 

NRZI EXECUTE A LUAD 
>----...... POINT DELAY OF 

E4-----. 
GO TO ENDING 

SE~UENCE 
(STOPTAP) 

L~ 
L/ 

SIX INCHES 

NRZI2 

SET UP FOR AN 
NRZI WRITE 

OPERATION 

NRZWTM3 
5 1 

NO 

WRITE THE NRZI 
TAPE MARK 

WRITE THE TAPE 
MARK LRC 

f- ( 



Write Tape Mark (System/360/370) 

TMCHK3 Tape Control could not write 
a tape mark after 15 tries. Set 
Tape Mark Check and terminate 
the operation. 

o o o o o o 

B2~----.., 

ADD 1 TO THE 
TAPE MARK RETRY 

COUNTER 

READBI 1 _--<:: 2....:..----, 
BACKSPACE OVER 
TAPE MARK JUST 

WRITTEN IN 
ERROR 

RETRY WTM 
OPERATION 

L~ 
LY 

o o o 

NO 

C) r)' ~. 

FROM: 
61E3 
61E5 

YES 

o C) 

TMCHK3 
_--C4~"":"--....., 
SET WRITE TAPE 

MARK CHECK IN 
TAPE CONTROL 
SENSE BYTE 5 

GO TO ENDING 
SEOUENCE 
(STOPTAP) 

L~ 
L/ 

o o o 00 
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. Ending Sequence (System/360/370) 

Objectives 

Stop tape when the next IBG is found. 

Generate ending status and send it to 
AB!. 

Reset all busses and tags. 

Return to the· proper location in the 
microprogram. (lDLESCAN, IDLEPEND, 
INTSCAN, CHAINSIO) 

STOPTAP The operation is completed or an 
error has occurred. Reset Service 
In and the Move tag. Store the 
sense data, run internal 
diagnostics, and update the tape 
unit status before returning to 
IDLESCAN. 

SETREJ The tape unit went not ready or 
the start bit is not on. 

ENVEL 

BKLP 

TIMETAC 

STOZERO 

SETUC 

ALUFRU 

No tach pulse was detected in 5 
msec. Tach is not running. 

A backward command issued at 
Load Point. 

Set End Velocity Check if tach 
pulses are too close together or 
too far apart. 

Tape unit sense byte 0 has been 
checked and errors set. The tach 
has been checked and errors set. 
Now check out the ALU. 

The subsystem has a Unit Check 
in its sense bytes. 

An ALU operation failed during 
internal diagnostics. 

(- ( ( ( 

--------------

f ( ( ( 

42E3 51 E2 ~ 59E5 43E5 52E5 63 60E5 
49E5 55C3 A2 61E1 
50E4 57E4 62D4 
45E5 58E5 61E4 

STOPTAP 
A 2""----, 

RESET TAGS & 
BUS. CHECK TU 
SENSE BYTE 0 

SETREJ 

SET TAPE UNIT 
REJECT IN SENSE 

2 

43C1 
4701 
49E3 

(' 

BCHOK 

ENVEL 

(~ (-
~ 

SET UNIT 
EXCEPTION 

( 

FROM: 

I 

FROM: 42C5 
49E3 
57E2 

SET TACH FAIL 
IN SENSE 

( ( { ( 

FROM: E4 

SET END 
VELOCITY CHECK 

STOZERO 1 
04 ..... --..., 

THE 

-------------

SETUC 

SET UNIT CHECK 
IN STATUS 

ALUFRU 

L~ 
L/ 

E5---_ 
ERROR CONDITION 

TO ABI & HANG 
----. HERE. (RESET TO 

GET OUT) 

( ( ( 
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Ending Sequence (System/360/370) 

~ 
; 

~. 

ISITCHAN Don't send ending status; wait 
for the chained operation to 
continue. 

SETDVND Set DE unless command is a 
Rewind or DSE. DE is not set on 
a Rewind or DSE until the tape 
unit is finished. 

TERMSTAT Adapter Select active indicates 
the system is attempting an 
Initial Selection. 

.~ 

,""''''', .,.c~).\ 

\~-j;' /' \~".}, 
() 0 0 0 0 0 0 0 .' 0 " ';", 

FROM: 
63A5 
63B5 

4105 

ISITCHAN 1 
_-C2 ..... ---.., 

0 

GET TU SENSE & 
GO TO IDLE 

( INTSCAN) 

SET STATUS 
PENDING & CUE & 

DE 

..f' 

0 0 0 

A3 

SET STATUS 
PENDING & CUE & -+ 

DE 

,1 
SET DE IN 

STATUS 

SET CHANNEL END 
IN STATUS 

(~\ 
"'-..J! 0 0 ? 

FROM: 
39D5 
40E2 
44D4 

..l [ET OP IN 

0 

4 1 
RESET CONTROL 

UNIT BUSY 

SET CUE IN 
STATUS IF CUE 

FLAG IS ON 

Q ~_ i 0 0 

GO TO IDLE 
(IDLESCAN) 

L~ 
L/ 

CUEPNDG 
D5----., 

SET CUE IN 
---. STATUS- GO TO 

IDLE (IDLEPEND) 

0 

L~ 
L.J 

0 0 " 0 0 ", 0 
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Ending Sequence (System/360/370) 

ST ATRTN There are bits on in pending 
status, or this is a TID. The 
subsystem presents status to the 
system during the Ending 
Sequence. 

CLEANUP 1. (64B5) There are no bits on in 
pending status, and this is not a 
TID. Reset tags and bus at end 
of an operation or a Halt I/O. 

2. (65B1) There are bits on in 
pending status, and a HID has 
been issued. 

CHKCHAIN There are status bits on in 
pending status, or this is a TID. 
The system is not attempting an 
Initial Selection. 

CKMTRIN The meter must run as long as a 
Rewind or DSE is in progress. 

INTFERR Status is sent to AB!. Check 
whether it is accepted or must be 
stacked. 

RSTDSE A DSE is not legal unless it is 
chained to an ERG Command. 

( ( ( 

f6I:\. FROM: U'" 64B5 

CLEANUP , ...... _-..... 
RESET CU BUSY 

AND OP IN. r RESET TAGS & 
BUSES 

GO TO IDLE 
(IDLESCAN) 

L~ B2 

NO 

YES 

( 

CKMTRIN 

CHECK DE PRIMES 
& SET METER IN 

ACCORDINGLY 

RAZSTS 
02----...... 

SEND STATUS TO 
ABI 

GO TO SIO 
(CHAINSIO) 

L~ C5 

( 

CHKCHAIN 
A 3---...... 

GO TO IDLE 
(IDLEPEND) 

L~ 
L/ 

MicroProcessor 65 

( ( (' (-- ( ( 

DISABLE DSE 

E4 E5 

GO TO IDLE 
ENABLE OSE ~ (IDLESCAN) 

L~ B2 



Halt I/O Operation (System/360/370) 

The tape control tests for a command out signal at 
selected times during the execution of an 
operation. If command out is active at any of 
these times, the tape control interrogates it for a 
Halt I/O. 

A Halt I/O is issued in order to terminate an 
operation before all data is transferred, or before 
the operation at the tape unit has reached a 
normal ending point. Data transfers are 
immediately terminated, the tape unit is positioned 
normally (in an IBG), and status is sent to ABI. 

A1 

READ 
OPERATION 

HIO detected during 
read data routine 
(No SERVICE OUT 
and COMMAND OUT.) 

Loop until I BG is 
detected. 

ABEND 
I 

Set MTE, Envelope 
Loss. and ENDDATA 

Branch to Ending 
Sequence (STOPT AP-
(63A2) 

A2 

WRITE 
OPERATION 

HIO (COMMAND OUT) 
detected during the 
CLEANGO routine. 

Set CE, DE. and UC 
Set Status Pending. 

.. > 

I"""~ r,\ 
\, 

'I 10 y 

A3 

This chart shows the results of detecting a Halt 
I/O in the different operations and routines. The 
routines shown here can be entered from, and 
executed as a part of, any of the operations 
shown. 

MicroProcessor 66 

The Tape <:;ontrol tests 
for Halt I/O in these 
routines and operations. 

START I/O 
OPERATION 

TERMINAL STATUS 
A4 ROUTINE A5 

POLLING 
OPERATION A6 

SERVICE 
ROUTINE 

HIO (COMMAND OUT) HIO (COMMAND OUT) HIO (COMMAND OUT 
Enter from any 
operation requiring 

detected during a detected during a detected during a 
Start I/O. Terminal Status Polling operation. 

SERVICE. HIO 
detected during the 

routine. Service routine. 

I 

HIONOP 
if 

Sense Op Endin~ Status 

Reset ATTACHMENT Write Operation-
TAGS IN except Set CEo DE. and UC 
Meter. Set Status Pending. 

~' 

Branch to IDLESCAN 
(3582) 

0 0 0 () () 0 ;""~ 

<J 0 C) 

Sense operation- Ending 0 
Clear the Pending Clear the 
Status register. 

peration­
Pending 

gister. Status re 

+ 
Branch to the 
Ending Sequence. 
(COMDRTN1 (64A2) 

~ 

;-\ 
~~ o o o 

A7 

r 
CKSTACK 

STATUS 
ROUTINE 

I 

Enter from any 
operation. HIO 
detected during the 
Status routine. 

RSTDSE 

COMMAND. OUT on COMMAND OUT and 
and Status must be Status accepted. 
stacked. Set STACK Reset ALLOW DSE. 
STATUS. 

+ 
Return to the 
routine from which -the status routine --
was entered. 

o o o (J 

NODE 

COMMAND OUT and 
no response to 
STATUS IN, 

Set Status bits or 
clear Pending Status 
(depending on the 
operation). 

000 o ( 
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Microprogram Flowcharts 
(System/370 Model 125) 

(- (- (.-

This section contains the tape control operational 
flowcharts used when the tape control is attached to a 
System/370 Model 125. All tape control operations are 
executed by a microprogram stored in ROS. The 
flowcharts illustrate the sequence of routines that 
perform the operations. 

Program labels are included on the flowcharts as 
reference pointers to the microprogram listing. For the 
particular details of a routine, use the label and the 
cross-reference list in the back of the program listing. 

IDLESCAN (System/370 Model 125) 

Objectives 

• Monitor Device End Primes for all tape units 
and set the METER IN line accordingly. 

• Detect an Initial Selection or Polling sequence 
and branch to the proper microprogram 
location. 

• Detect interrupts from tape units and set Device 
End and Unit Check in unit status byte when 
appropriate. 

IDLEO There is no stacked or pending status 
(no bits on in the Pending Status. 
register). This is the return point for the 
scanning loop. 

SETDEUC 

GIVEDE 

A DSE operation failed. 

A DSE or Rewind is properly 
completed. 

(" (- (., ('" (' 

A STEP-BY-STEP 
FLOWCHART OF 
POWER-ON RESET 
STARTS ON PAGE 
MICROPROCESSOR 901 

(-' f' (' (" 

A2------------~ 
. BEGIN IDLESCAN 

(FOLLOWING 
POWER-ON RESET) 

IDLESCAN. 

SELDEV 

SELECT TU & GET 
SENSE BYTES 

INTSCAN 

NO 

(-

FROM: 
68D3 

MicroProcessor 67 

NO 

( 

GIVDE 

SET DEVICE END IN 
STATUS 

68 
A3 

.. ( •... _- (. c' 
Page of SY32-502a-1 • 
Revised 10/27/75 by TN L 26-0323 . 

NO 

SeTDEUC 

SET DEVICE END 
AND UNIT CHECK 
IN STATUS 

68 
3 

( 
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IDLESCAN (System/370 Model 125) 

NOSTATUS Initial Selection is not active; and there 
are no status pending or device-end 
interrupt indicators active. If this is not 
the last TU, step the address. Continue 
the scanning loop. 

o o o 

MicroProcessor 68 

KEEP THE METER 
BIT 

SET STATUS 
PENDING 

YES 

YES 

03 ...... ---... 
RESET BUSY & 

METER IN 
ENABLE ON/6FF 

LINE LATCH 

~. L~ 
\J LY 

BUMP TU ADDRESS 

~
8 E~~~: 
A4 

IDLEPEN1 
A4·...:.---.. 

SET INTERRUPT 
REQUEST & METER 

IN 

_-<:5"';"---... 

YES TURN OFF METER 
~------+ IN 

IDLE 2 

INCREMENT FOR 
NEXT TU 

05---....., 

GET TU SENSE 
,..---+IBYTE 0 FROM TU 

L~ G 

() Q.··.t 0'; 0'-'· o\-· 
." .. I ,. 

fr.) .. \." 00 o 0'·' "" 000 ~ i . 
'",--) 
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Initial Selection (System/370 Model 125) 

Objectives 

Control the Meter In line. 

Save any stacked or pending status. 

Send status to ABI during a polling sequence. 

Pravent the loss of pending status. 

Get the command from ABI and check its 
parity. 

Decode the command and branch to the proper 
microprogram location. 

Reject any invalid commands. 

GETCRO IPUSH has been detected indicating an 
Initial Selection sequence is being 
prepared. 

FETCAW This is not an Interrupt, HIO, or TIO. 

SELDEV 

Get the CAW and CCW for this 
operation. 

Selection is successful so far, so select 
the tape unit and get sense information. 

( ( (~ (~ (~ ( 

FROM: 
67C2 
68E4 

GETCpiRO A1 
SET INITIAL 
SELECTION & 

INITIAL STATUS 
BITS 

CAL~SC 1 
B1....:..----. 

SET ABI & ATI, 
CALL MSC 

RETURN01 
01"":"--......, 

GET OP CODE & 
CHANNEL ADDR 

FROM ABO 

NOTCHNIS 2-----.. 
TURN ON 

RESPONSE TO IPU 

( 

CHECK CU AND TU 
ADDRESSES I---~ 

1 FETCAW 
3 

GET CAW FROM C 
REG. LOAD CCW 

ADDR IN MSC LS 

r--D3 

FETCH COMMAND 
AND FIRST BYTE 

OF ADDR 

RET URN07 1 
r--E3 

CHECK COMMAND 
PARITY 

TIORTN1 
B4-----. 

SET COMMAND FOR 

(' ( 

FETCH BYTE 
COUNT (LAST OF 

CCW) 

TIO I---------------.~ 

RETURN08 
4 

FETCH LOW ORDER 
r--+ 2 BYTES OF ADDR 

.SETADTAG 
-04 

FETCH FLAGS & 
CHECK DATA 

ADDRESS 

~E41 
TEST FLAGS & 

SET UP 
ACCORDINGLY 

SELDEV 

SELECT TAPE 
UNIT GET 2 
SENSE BYTES 

INTSCAN 

GET THIRD SENSE 
BYTE/. SET UP 

::;ENSE 

L~ 
L/ 

( c 



Initial Selection (System/370 Model 125) 

COMDECOD Selection is successful and tape unit 
status is clean. so decode the 
command. 

CMDWAIT3 Send Pending Status to ASI. 

r-~, 

\, )) GO o o o o o () 

YES SNS, TIO~ RDB, >-------. RDr' 

YES 

YES 

B3---...., 

DO A WRITE OP 

_-<:3---_ 
ERP LWR TIE 
DIAG, M6DESET 

D2---...., 

GO DO A DSE 
COMMAND 

CHECK FOR UNIT >------+. CHEC & GO TO 
TERMSTAT 

o 

COMREJ 

o 

E3,;"· "----.. 
SET ILLEGAL CMD 

& CMD REJECT 

o 

l~, 
L.J 

FROM: 
69C5 

CMDWAIT3 A4"'--_ 
CLEAR STATUS 
PENDING STAT 

RESET BUSY 

8S8, 8SF, FSF, 
FS8, WTM.I. REW, 

RUl'I 

YES 

o 

D5---...., 
CLEAR ALLOW DSE 

STAT 

COMDRTN 

o 

E5"'--_ 
MAKE CURRENT 
CMD NONZERO. 

PUT TU ADDR 
STATUS PND REG 

lfir.\. 
L/ 

o 0;; 0',,0,',0"'1' , , 
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Initial Selection (System/370 Model 125) 

ADRDEC Prepare to send status to ABI. 

INTRTN1 This is an interrupt routine. Store the 
CAW. 

TEROUT The CSW has been stored, so return to 
the IDLESCAN loop. 

( ( ( 

ADRDEC 

FROM: 
70E5 

A 1""'--"" 
DECODE TU 

ADDRESS 

COMDRTNA 
B1 ..... --......, 

SET STATUS 
PENDING 

SET CHANNEL END 
STATUS BIT 

L~ 
L/ 

INTRTN1 

FROM: 
69E1 

A2:-'---..., 
SET CHAN & CU 

ADDR IN 
ATTACHMENT. SET 

TU ADDR IN 
CREGO 

B2:-'---_ 

CALL MSC TO 
STORE ADDRESSES 

RETINTR 
2":"--..., 

TURN RESPONSE 
ON 

PI:\. L/-+ 
TESTI02 

70C1 

E2:-'---_ 
TURN INTRRUPT 

OFF & METER IN 
ON 

( 

--

( ( 

STOCSWA 
A3i---_ 

CLEAR STATUS 
PENDING 

PI:\. L/'-+ 
69A3 
70A5 
70B5 
70C5 

STOCSW1 
B3-'---_ 

PUT KEY & HIGH 
ORDER ADDR 

LOCAL RO. CALL 
MSC 

CSW02 
..... -C3-'---......, 

PUT LOW ORDER 
ADDR IN LOCAL 
RO. CALLMSC 

E31...T.--_ 

CLEAR THE KEY 
TO 0 

NO 

( (-

NOCLRKEY 
A.4----... 

STORE KEY & 
HIGH ORDER ADDR 

CSW05 
B4.-'---_ 

STORE REMAINDER 
OF CCW ADDR IN 

MS 

CSW06 
_--4:::4-""---... 

PREPARE STATUS 
& STORE IT IN 

MS 

CSW07 
D4-IL...---. 

STORE THE 
RESIDUAL BYTE 

COUNT IN MS 

( ( ( 

LCL06 
A5---......, 

SET CONDITION 
CODE TO 1 & 
SEND TO IPU 

OFFRESP 

TURN OFF 
RESPONSE. CLEAR 

STATUS REG 

TEROUT 
D5-'---_ 

CLEAR CMDCHN 
CCWADR POINTER~ 
& RESIDUAL BYTl!; 

COUNT 

Lm:\. 
L/ 

( ( 



Sense Operation (System/370 Model 125) 

Objectives 

("'~ 

\..j 

• Send Unit Status Byte and the number of Sense 
Bytes indicated in the CCW to the System. 

DOSENSE Initial Selection is completed. so send 
status to ABI. 

SENSEOP The system accepted the previous 
sense byte. The tape control prepares 
the next one. 

CLEANSNS All the requested sense bytes have 
been sent to ABI. so terminate the 
operation. 

00 0 () 

DOSENSE 
~1---_ 

SEND INITI~L 
ST~TUS TO 
CH~NNEL 

~SSEMBLE SENSE 
FROM TU 

D1-'---_ 

NO 

FIRSTODD 
p.;;.;..;..;;.c;2:---_ 

D~T~ TO ~BI 
TURN OFF 
REOUEST & 

REQLOOP 

CNTEM1 
D2:-'---_ 

G 
SENSEOP ~ 

~3i"':'--_ 

PREPARE ~ BYTE 
OF SENSE D~T~ 

D31 .... --..... 

DATA TO ABI UPDATE THE BYTE 
TURN ON REOUESTI-------.~ COUNT 4.~-----

SEND DATA TO 
ABI TURN OFF 

REOUEST AND 
REQLOOP SET REQLOOP 

000 00 C) () o o C~ jJ 

_--C4,"':'--_ 

SET OVERRUN 

BYTE COUNT = 0 
STOP DATA XFR & 

LOOK FOR EOB 

CHECK SILl & 
RESIDUAL BYTE 

COUNT 

L~ 
L/ 

RECVED 
~5---_ 

YES SET HALFWORD 
MODE 

5 1 
SEND HALFWORD 

TO ABI 
(INDIRECT 

ADDRESSDJG) 

...-D5 

SET REQLOOP 

o 000000 
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Space Operation (System/370 Model 125) 

Objectives 

FWDSPBL The microprogram decoded a Forward 
Space Block command. 

CLNBGN 

BKSPBL 

BKSPFL 

The microprogram decoded a Forward 
Space File command. 

The microprogram decoded a 
Backspace Block command. 

The microprogram decoded a 
Backspace File command. 

CKMOVIN The command is a Backspace. A 

TUCOM 

TUMOVE 

forward read command is sent to the 
tape unit to cause a forward hitch. If 
the tape unit is in backward status, the 
microprogram delays while the tape unit 
changes to forward status. 

Forward Space: The Forward space 
command is sent to the tape unit. No 
forward hitch was executed. If the tape 
unit is in backward status, the 
microprogram delays while the tape unit 
changes to forward status. 

Backspace: The backspace command is 
sent to the tape unit following a 
forward hitch. A delay is needed while 
the tape unit changes to backward 
status. 

The tape unit is in the proper directional 
status. Send the Move tag to the tape 
unit to start tape motion. 

TACFAIL The tach pulses indicate the capstan is 
not moving at the correct speed. 

PBURST The capstan is moving forward at the 
correct speed. If the tape started at 
load point, test for a PE Identification 
Burst. 

( ( ( (--

FROM: 
70E4 

A2 

FWDSPBL ~ A2 

FORWARD SPACE 
BLOCK 

DELAY FOR 
TURNAROUND 

( ( ( 

FROM: 
70E4 

CLNBGN 

FORWARD SPACE 
FILE 

DO A FORWARD 
HITCH (TUCOM 
WITH RDF CMD) 

TUMOVE 

FROM'r8 
:-----.. 

SEND MOVE TO 
THE TAPE UNIT 

NO 

ES J 
8 

MicroProcessor 73 

TACFAIL 
E3:--............ 

SET TACH FAIL 
AND GO TO 

STOPTAP 

L~ 
L/ 

( 

FROM: 
70E4 73. 70E4 

AS 

BKSPBL BKSPFL 

~ FROM, 

NO 

AS 

BACKSPACE BLOCK BACKSPACE FILE 

DELAY FOR 
TURNAROUND 

r--Cs~l 
SET UNIT CHECK 
& GO TO ENDING 

SEOUENCE 
(BCHOK) 

GO DO NRZI 
>-~---I~I SPACE (NRZREAD) 

( ( ( 



Space Operation (System/370 Model 125) 

BOBSCH Entry from 7305: A PE Identification 
Burst is present (the tape unit is 
spacing a PE tape forward, starting at 
load point). 

Entry from 73E4: The tape unit is 
spacing a tape forward which was not 
positioned at load point, or was not in 
NRZI mode. 

Entry from TSTIBG: An interblock gap, 
tape unit interrupt, or tape mark nas not 
been found, so continue to loop. 

Entry from IBGX: An interblock gap has 
been detected, but beginning of block 
has not. Continue looping until a block 
has been spaced over. 

SPACEOP If a Tape Unit Interrupt is detected, the 
tape unit has become Not Ready. 

TSTIM A tape mark has been detected. 

WAITENO Space File: A tape mark has been 
detected. Wait for IBG before stopping 
tape. 

Space Block: Wait until the IBG 
indication is valid (pa.rt of crease check) 
and stop the tape. 

o 

MicroProcessor 74 

_-C1---...., 
SET UNIT CHECK 
& GO TO ENDING 

SEQUENCE 
(STOPTAP) 

l~ 
L/ 

o o 

B2:...r.--..... 

SEND SHORT GAP 
TO TU 

IBGX 

oj 
G 

o o 

FROM: 
73D5 
73E4 

YES 

oj 
G 

0). 
"'--

_-oC4,---..... 
SPACE OVER ANY 

CREASES 

o 

r---<::5 ...... --..... 
SET UNIT 
EXCEPTION 

E5i...r.--_ 
SPACE OP 

FINISHED. GO TO 
ENDING SEQUENCE 

(STOPTAP) 

o o 

l~ 
L/ 

() o o 
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Rewind/Rewind Unload 
(System/370 Model 125) 

Objectives 

To move tape forward a short distance (forward 
hitch) and then backward at high speed to the 
beginning of tape (BOT). 

If a Rewind Unload command, unload the tape 
unit when BOT is reached. 

Tape is not pulled out of the columns during the 
high speed rewind. 

REWUNl 

SHERG 

The command is a Rewind Unload. If 
tape is at BOT, no forward hitch is 
needed. Store the expected status and 
unload the tape. 

The tape unit is in write status. Prepare 
to degauss before rewinding. 

WRTMOVE4 Move tape 1.5 inches beyond the last 

READB1 

REWHIT 

TUCOM 

block written before degaussing. 

Tape has been positioned beyond the 
last block written. Set up to move tape 
backward. Degauss occurs when tape 
unit status is switched from write to 
read status (TUCOM). 

Tape unit is in read status. Set up for a 
forward hitch before rewinding. 

Turn on Command Tag and get the 
command status. If status is bad, set 
Tape Unit Reject and terminate the 
operation. 

( ( ( ( ( 

SHERG _--C2---_. 
SET UP TO MOVE 

TAPE FORWARD 
FOR DEGAUSS 

~~mffi4 1 
D2 ..... --....., 

MOVE TAPE 
FORWARD TO 

PLACE DEGAUSS 
BURST AWAY FROM 

LAST BLOCK 

READB1 
E2....1..--_ 

SET UP FOR A 
READ BACKWARD. 
STORE EXPECTED 
COMMAND STATUS 

(. ( ( ( 

REWHIT 
D3, ..... --....., 

SET UP TO HITCH 
TAPE FORWARD 

(STORE READ 
COMMAND) 

TUCOM 
E3---....., 

TURN ON COMMAND 
------~ •• I TAG AND GET I---~ 

COMMAND STATUS 

RUN3 

YES STORE EXPECTED 
STATUS 

(-

L~ 
L/ 

( 
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Rewind/Rewind Unload 
(System/370 Model 125) 

",--", 
I .' ,y 

DELAY3 Wait 3 milliseconds for degauss to 
finish. 

HITCH2 Hitch tape forward. 

REWDL Y Wait 300 milliseconds to ensure that 
multiple tape units do not start to 
rewind simultaneously. 

TUCTRL 

c~, 

\.Jj 

Transfer Command and Control Tags to 
start tape rewinding.. Get the tape unit 
control status. If status is bad, set Tape 
Unit Reject and terminate the operation. 

. If status is good, tape control releases 
the tape unit and runs internal 
diagnostics before returning to 
IDLESCAN. The tape unit continues to 
move tape until the rewind is 
completed. 

\" 

("""'. 
l~-. .. ;J C) o 0', 0.···· 0.;: 1 . '- ., 0.', 0';·-, 'I o 0 0 

DELAY 3 
.... -<::2----.... 

WAIT 3 
MILLISECONDS 

FOR DEGAUSS TO 
FINISH 

.. 
(": () 0 ' .' 

~ ~ .. 

NO 

75B5 

STORE RUN 
COMMAND 

HITCH1 ,...-C3----..... 
SET UP TO MOVE 

TAPE FOR A 
COUNT OF FOUR 

TACH PULSES 

HITCH2 
D3--...... - ..... 

TRANSFER MOVE 
AND COMMAND 

TAGS TO MOVE 
TAPE 

E3-''----.. 
STORE EXPECTED 
CONTROL STATUS 

AND COMMAND 
(REW OR RUN) 

REWDLY 
W~·40IT-3"'O"'O-"" 

MILLISECONDS 
-----r~~.IBEFORE STARTING 

REWIND 

TUCTRL 
B4-''----.. 

TRANSFER 
CONTROL TAG TO 
SET COMMAND IN 

TAPE UNIT 

GET TAPE UNIT 
CONTROL STATUS 

Pi:\. 
L/ 

TUREJ 

75E4 

NO SET TAPE UNIT 
>----+ REJECT IN SENSE 

DATA 

E5,...I.--.... 

GO TO ENDING 
SE~UENCE 
(STOPTAP) 

00 o 0,0 r) .... 
~-' 0000000 c 
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Read Operation (System/370 Model 125) 

Objectives 

To read data (PE or NRZI) in either direction. 

77Cl 

7701 

TUCOM 

Determine the type of read command 
(forward /backward). 

The command is a Read Backward, so 
the tape must be hitched forward. 
Send the Move tag to the tape unit with 
a Read Forward command. 

If the command is Read Backward, the 
forward hitch is completed. Send the 
Read Backward command to the tape 
unit. If the command is Read Forward 
send it to the tape unit. 

7702 Check the Command Status Byte, and if 
it is not good reject the tape unit and 
terminate the operation. 

READDATA The tape is not at BOT. Compare old 
and new tape unit status and use the 
results to set up tach counts according 
to tape model. 

READ2 Same as READDATA except the tape is 
at BOT. 

TACCOUNT Verify that tape is moving and at 
correct speed. If not, reset the Move 
tag to stop tape and terminate the 
operation. 

PBURST Tape is at BOT, causing the 
microprogram to look for PE 10 Burst. 
If no burst is found, the tape is 
recorded in NRZI. Determine if the tape 
control and tape unit are capable of 
reading N RZI. 

( ( ( (- ( 

FROM: 
70A3 

HITCH THE TAPE 
FORWARD 

SET CONDITION 
CODE 

~-C2---..., 

SET COMMAND IN 
TAPE UNIT 

DELAY FOR 
TURNAROUND 

MicroProcessor 77 

( (, ( 

READDATA 
B3-'---..... 

SET TACH COUNTS 
ACCORDING TO 

TAPE MODEL 

TUMOVE 
~-C3---..... 

TRANSFER MOVE 
TAG TO TAPE 

UNIT 

( ( 

READ2 

YES 

NO 

YES 

~,4----.. 
SET UP TACH 

COUNTS 
ACCORDING TO 

TAPE MODEL 

TRANSFER MOVE 
TAG TO TAPE 

UNIT 

SET TACH 
FAILURE IN CU 
SENSE BYTE 3 

lfSR:\. 
L/ 

(" ( { 

PBURST 
B5,---_ 

COUNT 312 TACH 
PULSES BEFORE 

CHECKING FOR PE 
BURST 

SETNCAPA 
E5---..... 

SET NOT CAPABLE 
IN CU SENSE 

BYTE 1 

lfSR:\. 
L/ 

( 



Read Operation (System/370 Model 125) 

BOBSCH 

STRD 

The tape is recorded in PE, causing the 
microprogram to search for the 
beginning of the data block. 

Three data bytes are buffered in the 
LSR. If a phase error is detected, the 
byte is corrected just before it is sent to 
ABI. Only single-track errors are 
corrected. 

TSTPHER The all-ones marker has been detected, 
causing the microprogram to check for 
any accumulated phase errors. 

WAITEND The postamble is being read. When the 
IBG is detected, stop tape. 

- --

MicroProcessor 78 

D1----....., 
SET UNIT CHECK 
& GO TO ENDING 

(STOPTAP) 

l~ 
L/ 

NO 

FROM: 
77E3 
77E4 
77CS 

BOBFND 2----_ 
WAIT 16 BYTES 

THEN SYNC 
DETECTION 

TRANSFER DATA 
INTO LSR 

D3,----...., 
TRANSFER DATA 
BYTE TO ABI 

SET SERVICE iN 

YES 

YES 

WRONG 
84,-----, 

CORRECT BYTE 
WITH PHASE 
ERROR INFO 

TSTPHER 
D4~""---", 

TEST FOR 
INVALID 

CORRECTION OF 
PHASE ERRORS. 

SET SENSE. 
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Read Operation (System/370 Model 125) 

SETTUNR 

NRZREAD 

The tape is at BOT and is a NRZI tape. 
Start looking for the first data byte. 

The tape is not at BOT and is a NRZI 
tape. Start looking for the first data 
byte. 

( 

NRZBKR This is a NRZI Read Backward 
operation, so the first bytes read are 
the LRC and CRC characters. Store the 
check characters for use at the end of 
the read operation, then start looking 
for the data bytes. 

CRCFRD A data byte has been read and parity 
checked. The LRC and CRC characters 
are calculated each time data is read. 

TWOUSLOP Loop for two microseconds searching 
for data. If none is found, a byte may 
have been lost. Loop again for two 
microseconds, and if data is still not 
found, search for the CRC and LRC 
'characters. If reading backward, sene' 
the last byte read to ABI. 

( ( ( ( 

SETTUNR 

( 

FROM: 
7705 

SET TAPE UNIT 
TO NRZI AND GET 

STATUS 

LPDEL 
...--c 

WAIT 25 MSEC 
FOR LOAD POINT 

DELAY 

I"7'2:\. FROM: L/' .... 77E4 

NRZREAD 

SET UP FOR NRZI 
READ OPERATION 

YES 

( ( ( 

NRZBKR 

READ IN LRC & 
CRC CHARACTERS 

FIRST 

CORRECT 
2---~ 

CRCFRD 
r---C3---~ 

SET VRC ERROR 
CALCULATE CRC & 1-------.. LRC CHARACTERS 

-

( 

FRo~8 
TALKCPU 

CRCER 

TRANSFER DATA 
BYTE TO THE 

SYSTEM 

B4-...... --'!!'I 

READ IN NEXT 
DATA BYTE 

E4----.. 

SET CRC ERROR 
IN CU SENSE 

BYTE 5 

l~ 
L/ 

FR'"'~G 
TWOUSLOP 

YES 

CRCSRCH 

1 
NO 

LOOK FOR CRe 
CHARACTER 

COMPARE CRC 
READ WITH 

EXPECTED CRC 

( ( 



Read Operation (System/370 Model 125) 

/"'"~ 
,,-j 

8003 The operation is completed or an error 
has occurred. Reset the Move tag. 

.~. (~ 
'0 o 000 0000 o o 

~~~~: 
_ 12 79.S 

A2~"":"---., 

LOOK FOR LRC 
CHARACTER 

CKTHELRC 2~~---., 

COMPARE LRC 
READ WITH 

EXPECTED LRC 

SETLRCERE2~ ________ ~ 

YES 

SET LRC ERROR 
CU SENSE BYTE 5 ----~ 

83-----. 

~ L./'-' 
FROM: 
7704 
77E5 
78E4 

m:\. 
L./ 

TUREJ 

FROM: 
7702 
79B1 

RESET MOVE TAG 1-4.------- SET TAPE UNIT 
REJECT 

E3------. 
GO TO ENDING 

SE~UENCE 
(STOPTAP) 

l~ 
L.J 

o 00 o () o 00 0' ~. 000 c 
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Write Operation (System/370 Model 125) 

Objectives 

To write data (PE or NRZI) on tape. 

WRT1 

TUCOM 

Check the status of the tape unit. If in 
forward status. store the write 
command. 

If in backward status. wait for 
turnaround sequence before storing 
write command. 

Get the command status and set the 
tape unit to write status. If command 
status is not good. reject the tape unit 
and terminate the operation. 

If status is good. check that tape is at 
BOT. If it is. set up to write PE ID 
Burst. 

WRTMOVE Determine if NRZI is installed in tape 
control. If not. go to TUMOVE. 

FEATWRT1 Tape control has NRZI installed. Check 
if the tape unit is set to NRZI. If it is. 
set up controls for a NRZI write. If not. 
check if tape unit has dual density 
feature and is at BOT. If not at BOT. go 
to TUMOVE. 

DUALDEN Tape unit has dual density feature and 
is at BOT. Check that a Mode Set 
command has been issued. 

( ( ( f ( f (~~ 

A 1---_ 
ENTER FROM 

START I/O 

WRITE01 

STORE WRITE 
COMMAND 

STORE EXPECTED 
STATUS 

TUCOM 
E1":'--....., 

TURN ON COMMAND 

NO 

( 

WASBKWD 
2....1.0--_ 

WAIT FOR 
TURNAROUND TO 

FINISH 

( « 

GET COMMAND 
...... --... STATUS FROM THE 

TAPE UNIT 

WRITE07 

TAG TO TAPE --------------------------~ UNIT 

E3'....1.0--_ 
SET UP TO WRITE 

PE 
IDENTIFICATION 

BURST 

MicroProcessor 81 

( { ( ( 

SET UP FOR A 
NRZI WRITE 

OPERATION 

L~ 
L/ 

( ( ( 
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Write Operation (System/370 Model 125) 

SETUNRZ 

SETLP01 

TUMOVE 

A Mode Set command was issued. Set 
the tape unit to NRZI and check the 
status. 

Set controls to cause a load point delay 
before the first data block is written 
(NRZI only). 

The tape unit status is good and tape 
unit is ready to write (PE or NRZI). 
Transfer Move tag to get tape moving. 

WRTMOVEO The tape unit is in write status and 
Move tag transferred. When Gap 
Control is detected, the tape unit is up 
to speed. The tach pulses from the 
capstan motor are measured to 
determine when the capstan is up to 
speed. If the capstan does not reach 
full speed within a predetermined time, 
go to TACFAll. 

WRTMOVE1 Set up to count and time tach pulses to 
verify tape speed. If no tach pulses are 
counted, set tachometer check and 
terminate the operation. If tach timing 
is bad, set Start Velocity Check and 
continue the operation. 

PBWPGM The tape unit is at BOT and in PE 
Mode. Write the PE 10 Burst before 
writing data on tape. 

WROAPGM The PE 10 Burst has been written or the 
tape is not at BOT. Write a preamble of 
40 zeros and an all-ones marker. 

000 

MicroProcessor 82 

TUMOVE 

81A4 
81B5 
81D4 
81D5 

A 1------. 
TRANSFER MOVE 

AND COMMAND 
TAGS TO THE 

TAPE UNIT 

WRTMOVEl 

COUNT AND TIME 
TACH PULSES 

START WRITE 
CLOCK 

SETLPDl 

NO SET UP TO WRITE 
A LOAD POINT 

DELAY 

TACFAIL 
2 

SET TACHOMETER 
CHECK AND GO TO 
ENDING SEQUENCE 

NO SET START 
~------. VELOCITY CHECK. 

PE 

A3 

SETUNRZ 

~
2 81D5 

YES 

A 3------. 
SET. ALTERNATE 

DENSITY IN TAPE 
UNIT AND GET 

TAPE UNIT 
STATUS 

C3 .... ~ 81B3 

TUREJ 
3 

SET TAPE UNIT 
REJECT. GO TO 

STOPTAP 

GO () 000 (.). 
",-' o 0 C) 0 o 

YES WRITE A PE 
IDENTIFICATION 
. BURST 

SET UP TO WRITE ERASE A 3-INCH 
PREAMBLE .. 4,...------1 GAP AFTER THE 

WAIT015 

ZER040 

GET IN SYNC 
WITH WRITE 

CLOCK 

WRITE 40 ZEROS 
AND AN ALL ONES 

MARKER 

WRTDATA 

SET UP TO GET 
DATA FROM MSC 

() 0 

L.~ 
L/ 

00 

BURST 

00 o 
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Write Operation (System/370 Model 125) 

DECCNT Check for the Stop flag. If on, go finish 
up. If off, decrement the byte count 
and get the data from the tape adapter. 

GETDATA The tape adapter gets the data from 
MSC one halfword at a time and sends 
it to the tape control a byte at a time. 
Get the byte from the ABO and check 
for parity. If parity is bad, set Channel 
Data Check. 

WRTDA4 Write the byte on tape and perform a 
parity check on any byte which has 
been read back. If parity is bad, set 
VRC error. 

CHKSTOP Check again for any stop conditions. If 
any stop conditioAS are on, go finish up 
the operation. If no stop conditions are 
on, request more data from MSC. 

WRTONE The last data byte has been written. 
Write the postamble and continue 
read back check until the end of the 
block is sensed. 

( ( ( ( 

REOUEST MORE 
DATA FROM MSC 

E1---....., 
WRITE THE DATA 

ON TAPE 

( ( ( 

CHDACHK3 
A2:-----. 

SET CHANNEL 
DATA CHECK 

CONTUOl 

NO 

B2----., 
GET BYTE FROM 

ABO 

CHDACHKl 
D2:-:..----. 

SET CHANNEL 
DATA CHECK 

( ( ( f 

B3.-:..----. 

DECREMENT BYTE 
COUNT 

PREFET 
E3i....r.---... 

GET THE BYTE 
FROM ABO 

( 

SETSTOP 4·-----. 
SET STOP FLAG 

( ( 

STOPSTOP 
5-:..--..... 

CLEAR STOP AND 
BEGIN STATS 

WRTONE D5·-----. 
WRITE THE ONES 

MARKER AND 40 
ZEROS OF 
POSTAMBLE 

STOPTAP 

FINISH READBACK 
AND STOP TAPE 

MOTION 

( 



Write Operation (System/370 Model 125) 

LPDLY2 This is a NRZI write operation and tape 
is at BOT. Set up for a load point 
delay. 

DATOLRC Update the LRC and CRC characters. 

I""-'l>, 
'01 

Write the data byte on tape. 

o 0')' 0/0'-,," .,}), '.;" o 

LPDLY2 

YES SET UP TACH 
~------~ICOUNT FOR LOAD 

POINT DELAY 

NRZIWRT2 _"-___ TACCOUNT .-----' ___ ... 
B1 B2-

SET UP FOR NRZI WAIT FOR DELAY 
WRITE OPERATION ... 41------- TO TIME OUT 

SETUPWTP 

SET UP ADAPTER 
REGISTERS FOR 

WRITE OP 

NRZWRTRN 
D1 ...... --__ 

SYNCHRONIZE 
WITH THE WRITE 

CLOCK, 

~ LJ-+ 
DECCNT 

8SE2 

LBYTE1 

~Y~E~S ____ .ISET ENDING STAT 
~ AND GO UPDATE 

CRC AGAIN 

L.~ 
LY 

o () () 0 0' 
~, 

DECREMENT BYTE 
COUNT 

PREFET 

o 

D31 ... -----... 

GET BYTE FROM 
ABO 

0- i 
"-- o 

SETSTOP 

YES SET STOP FLAG 

NO 

ON 

CONTU01 

GET DATA FROM 
ABO 

CHDACHK3E4-___ ~ 

SET CHANNEL 
DATA CHECK 

L.~ 
L/ 

YES 

CHDACHK 1 _"-__ _ 
ES 

SET CHANNEL 
DATA CHECK 

L.~ 
L/ 

ooooooc 
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Write Operation (System/370 Model 125) 

LOP Check if Ending Status bit is on. Ending 
Status is set when the last data byte 
has been written (LBYTE1). 

DL Y Wait until either a byte is read back or 
another byte is to be written. 

A r.nuntp.r i!': used to ensure that tape is 
moving at the correct speed in the 
early stages of the write operation. The 
counter is stepped each time a byte is 
written. 

If no data has been read back (Tape 
Velocity OK bit not on) before 128 
bytes have been written, Tape Velocity 
Check is set. 

When a byte is read back, parity is 
checked. If parity is bad, VRC Error is 
set. 

( 

84E3 
84E4 

B1----...., 
GET MORE DATA 

FROM MSC 

rsr.'\. 84D4 L/'-+ 84ES 

DATOLRC 
1 ..... ---... 

UPDATE THE LRC 
CHARACTER AND 
WRITE BYTE ON 

TAPE 

rsr.\. LJ-+ 
CRCFRD 

84E2 

D1----....., 
UPDATE THE CRC 

CHARACTER 

( .. \ 

DLY 

86C2 
86CS 
86E2 
86E3 

_-C2----...., 
ADD 1 TO TAPE 

VELOCITY CHECK 
COUNTER 

( ( 

TUVEL 

( 

SET VELOCITY 
CHECK 

L~ 
L.J 

( 

B4-""----

SET TAPE 
VELOCITY OK BIT 

ON 

D4 ..... ---... 

GET BYTE READ 
FROM TAPE UNIT 

( 

NO 

( 

PER 
ES,---__. 

SET VRC ERROR 
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Write Operation (System/370 Model 125) 

END1 

ENCHAR 

END4 

f.r......, i"---": 
~_Ji) " .\.. .. j/ 

Ending Status is on. Set up a counter 
to ensure correct spacing between 
check characters. 

Ending Status is set; step the check 
character counter. The counter is 
stepped three times before writing each 
check character. 

If LRC Status is off, write the CRC 
character and turn on LRC status. 

If LRC Status is on, write the LRC 
character and set En...1 Data Status. 
Return to DLY. 

',-- / o r~.· 
'\....J o o o o o o 

ENDl 

~ 85E1 

" 12 
A2 ....... ---... 

SET UP CHECK 
CHARACTER 

COUNTER 

IS~2>-.1 'S5E2 
ENCHAR 

B2~--_ 

STEP CHECK 
CHARACTER 

COUNTER 

WRITE THE CRC 
CHARACTER AND 

SET LRC STATUS 

L~ 
L/ 

C) o 

WRLRC 

o 

E3---..... 
WRITE THE LRC 
CHARACTER AND 
SET END DATA 

STATUS 

L~ 
L/ 

o () 

~
6 S5B2 
A4 

DATCTR 
A4·~--_ 

STEP READ DATA 
CHECK COUNTER 

o o 

NODATA 

00 

B5,---_ 
SET CRC 

CHARACTER ON 

SET VRC ERROR 

() 

L~ 
LY 

oaoe 
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Write Operation (System/370 Model 125) 

CKCRCW The byte read back is the CRC 
character. Compare the CRC written 
with the CRC calculated. 

TWOUSLOP Wait for the LRC character. 

CRCRDl The byte read back is the LRC 
character. Compare the calculated LRC 
with the LRC read back. 

RESTO Check for any skew errors and go to 
STOPTAP of ending sequence to finish 
the operation. 

( ( f ( 

SETCRCE 
B1"":'--_ 

SET CRC ERROR 
IN SENSE DATA 

(- ( ( 

YES 

( ( ( 

RDDON 
.----<::3, ...... --....., 

TURN OFF WRITE 
CLOCK AND SET 

LRC COMING 
STATUS 

SETLRCLK 
D3-1..----. 

START LOOKING 
FOR LRC 

CHARACTER 

( (- (-

CRCRD1 
A.4----.. 

READ BACK THE 
LRC CHARACTER r---. TO COMPARE WITH 

CALCULATED LRC 

D,4-oir....--.. 

SET DATA TIMING 
ERROR 

GO TO ENDING 
SE~UENCE 
(STOPTAP) 

NO 

(-

SETLRCER .~ ___ .. Bs-
SET LRC ERROR 
IN SENSE DATA 

( 



Data Security Erase lOSE) 
(System/370 Model 125) 

Objectives 

To erase tape from its present position to the 
end of tape (EOT) marker. 

ERASETI The Data Security Erase command was 
decoded by the COMDECOD routine. 
To enter the DSE routine, tape unit 
status must indicate Write Status, Not 
at EOT, and Not File Protected. 

TUCTRL 

TUREJ 

Tape unit status is good. Transfer the 
Control tag and Command to the tape 
unit. Read in the status byte from the 
tape unit. 

If tape unit status is good, store the 
sense data, run internal diagnostics, and 
return to IDLESCAN. 

The tape control releases the tape unit. 
Tape motion continues until EOT is 
sensed. 

Tape unit status is bad. Set Tape Unit 
Reject and terminate the operation. 

o o 000 o 00 o o o 

GO TO ENDING 
S!OUENCE 

(BeHOK) 

(). 
~. o 

ERASETI 

SET ERASE 
COMMAND BIT 

TUCTRL 

YES 

..... --c3---..... 
TRANSFER 

CONTROL TAG AND 
DSE COMMAND TO 
TAPE UNIT. GET 
CONTROL STATUS 

NO SET TAPE UNIT 
REJECT 

GO TO ENDING 
SEOUENCE 
(STOPTAP) 

0000000 o 0000 
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Erase Gap Command (System/370 Model 125) 

Objectives 

To erase a 3-inch section of tape. 

WRITE04 Check that tape is at BOT. If it is, set 
up to write PE 10 Burst before erasing 
tape. 

FEATWRT1 Tape control has NRZI installed. 
Determine if tape is at BOT, if the tape 
unit has NRZI feature, and if this is a 
NRZI operation. If all conditions are 
met, go to SETUNRZ to prepare for a 
load point delay. 

SETUNRZ Set the tape unit to NRZI mode, and 
check status. If status is bad, set Tape 
Unit Reject and terminate the operation. 

TUMOVE The tape unit status is good and tape 
unit is ready to erase tape. Transfer the 
Move tag to get tape moving. 

( ( ( ( ' 
/ 

WRITE07 
B2~---_ 

SET UP TO WRITE 
PE 

IDENTIFICATION 
BURST 

MicroProcessor 89 

( ( (- ( 

a A3 ENTER AT 
WRITE04 OF 

WRITE OPERATIO ....., , 

TUMOVE 
E3 ..... --_ 

TRANSFER MOVE 

SETUNRZ 

CLEAR TAPE UNIT 
TAGS,SET ALT. 
DEN. IN TAPE 

UNITt GET TAPE 
UN T STATUS 

SETLPDl 

AND COMMAND SET UP TO WRITE 
TAGS TO THE 1 ........ ---1 A LOAD POINT 

TAPE UNIT DELAY 

L~ 
L/ 

NO 

-, ( -----

TUREJ 
D5i---_ 

SET TAPE UNIT 
REJECT 

GO TO ENDING 
. SEOUENCE 

(STOPTAP) 

(0 ( 
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Erase Gap Command (System/370 Model 125) 

r- cc
,"", 

~j 

WRTMOVEO The tape unit is in write status and 
Move tag transfEmed. When Gap 
Control is detected, the tape unit is up 
to speed. 

WRTMOVE1 Set up to count and time tach pulses to 
verify tape speed. If no tach pulses are 
counted, set Tachometer Check and 
terminate the operation. If tach timing 
is not good, set Start Velocity Check 
and continue the operation. 

PBWPGM The tape unit is at BOT and in PE 
Mode. Write the PE I D Burst before 
erasing tape. 

ERGPGM Erase 3 inches of tape and go to ending 
sequence. 

LPDLY2 

~~, ( 
i I'.J' 

"'-.~ \" 

This is a NRZI operation and tape is at 
BOT. Perform a load point delay to 
erase tape, then go to ending sequence. 

~ 

r~ 0 r C

"" 

0 
./ ~y ~y 0 0 0 0 

MicroProcessor 90 

TACFAIL 

0 

SET TACHOMETER 
CHECK 

0 

WRTMOVE1 
A2:---_ 

YES COUNT AND TIME 
TACH PULSES 

r---C2---...... 

() 

SET START 
VELOCITY CHECK 

C) o o 

PBWPGM 
r---C3.---...... 

WRITE A PE 
IDENTIFICATION 

BURST 

ERGPGM 
D3,---_ 

ERASE A 3-INCH 
GAP ON TAPE 

PE 

o o () () 0 
.. 
o o 

NRZI 

NO 

LPDLY2 
r---C5-----, 

SET UP AND 
EXECUTE A LOAD 

POINT DELAY 
(ERASE SIX 

INCHES OF TAPE) 

GO TO ENDING 
SEOUENCE 
(STOPTAP) 

00000 
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Write Tape Mark (System/370 Model 125) 

Objectives 

To write a PE or NRZI tape mark. 

The subsystem generates the tape mark; no 
data is transferred between the system and the 
subsystem. 

WRITE07 Check that tape is at BOT. If it is, set 
up to write PE 10 Burst. 

FEATWRT1 Tape control has NRZI installed. 
Determine if tape is at BOT, if tape 
unit has NRZI feature, and if this is a 
NRZI operation. If so, go to SETUNRZ 
to prepare for a NRZI operation 
beginning with a load point delay. 

SETUNRZ Set the tape unit to NRZI mode, and 
check status. If status is bad, set Tape 
Unit Reject and terminate the operation. 

TUMOVE The tape unit status is good and tape 
unit is ready to write the tape mark. 
Transfer the Move tag to get tape 
moving. 

( ( ( ( (/ (-

Q A2 
ENTER AT 

WRITE04 OF 
WRITE OPERATION ...., ", 

.. 
__ --c2....:..--...... 
SET UP TO ERASE 

A 3 INCH GAP 
BEFORE WRITING 

TAPE MARK 

.. 
TUMOVE 

E2:----....., 
TRANSFER MOVE 

AND COMMAND 

( ( ( 

WRITE07 
B3,---....., 

SET UP TO WRITE 
YES PE 

YES 

IDENTIFICATION 
BURST 

YES 

( 

SETUNRZ 4---...... 
CLEAR TAPE UNIT 

TAGS, SET ALT. 
DEN. IN TAPE 

UNITt GET TAPE 
UN T STATUS 

SETLPD1 

TAGS TO THE ~ .. ~-----------------------------­TAPE UNIT 

E4-----.., 
SET UP FOR A 

LOAD POINT 
DELAY 

L~ 
L/ 

NO SET TAPE UNIT 
REJECT 

GO TO ENDING 
SE~UENCE 
(STOPTAP) 

(- ( ( 
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Write Tape Mark (System/370 Model 125) 

1""" \,-J! 

WRTMOVEO The tape unit is in write status and 
Move tag transferred. When gap 
control is detected the tape unit is up to 
speed. Go to TACFAIL if full speed is 
not reached in a predetermined time. 

WRTMOVE1 Set up to count and time tach pulses to 
verify tape speed. If no tach pulses are 
counted, set Tachometer Check and 
terminate the operation. If tach timing 
is not good, set Start Velocity Check 
and continue the operation. 

PBWPGM 

LPOLY2 

F), 
0 ",-,/ 

The tape unit is at BOT and in PE 
Mode. Write the PE 10 Burst before 
writing the tape mark. 

This is a NRZI operation and tape is at 
BOT. Perform a load point delay. 

r>,\ i~ r~ r) 0 
'",,"-)y' ;j 

/' ~' "'--' "--.y 0 0 0 0 , 

WRTMOVEl 
A2-----. 

YES COUNT AND TIME 
TACH PULSES 

SET START 
VELOCITY CHECK 

PBWPGM 
B3I....1.----. 

WRITE A PE 
IDENTIFICATION 

BURST 

ERGPGM 
31....1.----. 

ERASE A 3-INCH 
GAP BEFORE 
WRITING THE 

TAPE MARK 

LPDLY2 

NRZI EXECUTE A LOAD 
~.:.;;:.~-... lpOINT DELAY OF 

SIX INCHES 

SET UP FOR A 
NRZI WRITE 

OPERATION 

NRZWTM3 
5,....:..--..... 

WRITE THE NRZI 
TAPE MARK 

TACFAIL WTMPGM 
D3I....1.----. 

0 

D1....1.----. 
SET TACHOMETER 

CHECK IN TAPE 
CONTROL SENSE 

BYTE 5 

El..z.--_ 

GO TO ENDING 
SE~UENCE 
(STOPTAP) 

WRITE THE PE 
TAPE MARK 

E4-----. 
GO TO ENDING 

SEOUENCE 
(STOPTAP) 

) 

NO 

D5,--'---... 

WRITE THE TAPE 
MARK LRC 

0 O 0" 0" 0" 0' 0, 0' 0: 0':' 0' ("\ ')~' ',,/ - '. _ l' l ,,, 1: "l ,,~ . '; ,;r \~" .~'- \J oooooooc 
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Write Tape Mark (System/370 Model 125) 

TMCHK3 Tape Control could not write a tape 
mark after 15 tries. Set Tape Mark 
Check and terminate the operation. 

(- ( (- (/ ( ( 

B2!----_ 

ADD 1 TO THE NO 
TAPE MARK RETRY ~---~ 

COUNTER 

READB1 
..--<::2:-:"--_ 

BACKSPACE OVER 
TAPE MARK JUST 

WRITTEN IN 
ERROR 

02:-:"--_ 

RETRY WTM 
OPERATION 

(-

92E3 
92E5 

YES 

( 

TMCHK3 
.... -C4-""----. 
SET WRITE TAPE 

MARK 

041----...... 

GO TO ENDING 
SEOUENCE 
(STOPTAP) 

(- ( ( 



Ending Sequence (System/370 Model 125) 

Objectives 

l'''-~ 

<J/ 

Stop tape when the next IBG is found. 

Generate ending status and send it to AB!. 

Reset all busses and tags. 

STOPT AP The operation is completed or an error 
has occurred. Reset the Move tag and 
check the sense data. 

CHKSILI 

STATUS 

Check the byte count and the Sill bit. 
If the Sill bit is not on and the byte 
count is not zero, set Incorrect Length 
in the CSW. 

Check for any errors. If any sense bit in 
sense bytes 1 or 2 is on, set Unit 
Check. 

TERMSTAT Set up to store CSW. If a Test I/O is 
being executed, store only the unit and 
channel status in the CSW. 

-, 

;-'""" /-~ ('~ (~ 
'-_oj) 

, 
\.. ,/ ."-. ./ ',-,,) 

(~ 
\.._~ 0 () 0 0 

MicroProcessor 94 

STOPTAP 
A1---_ 

TURN OFF WRITE 
CLOCK AND RESET 

MOVE TAG. GET 
SENSE BYTE FROM 

TAPE UNIT 

CHKSILI 

0 0 0 

BCHOK 
D2:-'---_ 

RUN INTERNAL 
DIAGNOSTICS TO 

CHECK OUT 
SUBSYSTEM AND 

ADAPTER 

STATUS 
E2:-'---..... 

TEST SENSE r BYTES 1 & 2 FOR 
ERRORS. 

• 

0 ('-"i r~ 
',,-y '\..y :) \...... 

OHNO 

B3---_ 

SET INCORRECT 
LENGTH BIT 

EJ----... 
SET UP TO SEND 

STATUS. GO TO 
CALLMSC OF 

INITAL 
SELECTION CHART 

0 0 \.., 0 

G 
COMDRTN ~ A.40-----_ 

STORE COMMAND 
AND DEVICE 

ADDRESS 

COMRTNA 
B41-----­

SET STATUS 
PENDING ON 

() 

CLENEND 
4~----... 

STORE CHANNEL 
END AND DEVICE 

END 

TERMSTAT 
E4·-----... 

SET UP TO STORE 
CSW 

lm:\. 
L/ 

., ~ 

() 0 r) '\.. .' 

CHANCHK 

YES CONTINUE 

0 0 

CHAINING 
OPERATION 

0 0 0 ( 
.' \.. 
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Ending Sequence (System/370 Modal 125) 

LCL06 Store the condition code in MSC 
Common Register 1. 

( ( ( ( (- ( 

94E4 
95 

Al 

STOC SW1 
.---A1 

STORE PROTECT 
KEY AND HIGH 
ORDER ADDRESS 

IN LOCAL 
REGISTER 0 

CSW 02 
.---B1 

STORE KEY, 
COMMAND 

CHANNELC AND 
DEVI E 

ADDRESSES 

SETUP44 
C 2 

IS THIS A NO SET UNIT STATUS 
TIO COMMAND VALID ONLY STAT 

ES 

I 4 

CSW 021 ~ 
-D1 

STORE THE CSW 
ADDRESS IN 

LOCAL REGISTER 
0 

CSW 03 
-E1 
GET PROTECT KEY 

FROM LOCAL 
REGISTER 1 AND 

STORE IN 
ADAPTER 

( ( ( (- ( ( ( 

CSW04 STOLCL LCL06 _A3 _A4 _A 
STORE KEY AND 

HIGH ORDER SET AND STORE STORE CONDITION 
r-+ --+ COMMAND ADDRESS LCL IN MAIN • CODE OF 1 IN 

IN MAIN STORAGE STORAGE MAIN STORAGE 

CSW05 PRCDCCO _B3 _B5 
STORE REMAINDER 

OF COMMAND TURN OFF 
ADDRESS IN MAIN REPONSE TAG 

STORAGE 

CSW06 TEROUT 
3 5 

SEND UNIT 
STATUS AND CLEAR STATUS 

CHANNEL STATUS REGISTERS. 
TO MAIN STORAGE 

CSW07 ~ DROPCHN ~ _D3 _D5 

SEND RESIDUAL 
BYTE COUNT TO GO TO IDLES CAN 
MAIN STORAGE 

CSW08 
E 
Y CHANNEL YES 

ERROR 

0 



c'·~~i 

',,-Y 

Halt I/O and Halt Device 
(System/370 Model 125) 

Objectives 

("'~ 

"'j) 

The subsystem checks for Halt I/O (HIO) and Halt 
Device (HDV) at selected times during the execution 
of an operation. 

A HIO or HDV is issued to terminate an operation 
before all data is transferred, or before the operation 
has reached a normal ending at the tape unit. Data 
transfers are terminated, tape is positioned in the 
IBG. and status is sent to the syst~m. 

HIORTN A HIO or HDV command has been 
placed in the Common Register by the 
IPU. Go get the command. 

HDVCMD The command is a Halt Device. 
Compare device address of the 
command with the address of the tape 
unit being worked. If the addresses 
compare, go to HIOCMD to finish up 
the operation. If the addresses do not 
compare. continue the operation in 
progress but halt the tape unit 
addressed. 

HIOCMD The Halt I/O or Halt Device command 
has addressed the working tape unit. 
Set up to store the condition code and 
terminate the operation. 

1""'", /' 1",,\ ("',,\ r~ r) " 

I 
_J,/ '",-,,) f""JJ ~ ","/ "- 0 0 0 0 0 

CHKSTOP ____ _ 
Al 

HALT I/O OR 
HALT DEVICE 

DETECTED DURING 
THE WRITE 
OPERATION 

BOBSCH ' _____ ... 
A2-

HALT I/O OR 
HALT DEVICE 

DETECTED DURING 
A SPACE OR READ 

OPERATION 

STRDHIO 
A4----.. 

HIO OR HDV 
DETECTED DURING 

THE DATA 
TRANSFER OF A 

READ OPERATION 

~ ___________________ 1~ __________________ ~4. __________________ ~ 

0 0 0 

HERES 
;';"'--C2----. 

WRITE DATA BYTE YES 

SET UP TO FETCH 
COMMAND FROM 
COMMON REG 0 

ON TAPE •• -------< 

HDVCMD 
D2!---_ 

COMPARE TAPE 
UNIT ADDRESS 
WITH WORKING 

ADDRESS 
HDV 

HIOCMD 

YES SET INTERRUPT 

SETCCO 
r--<:4,---_ 

TRANSFER 
CONDITION CODE 
TO ADAPTER AND 

STORE IN MSC 

>-------+.TAG RESET BUSY ----+ 
AND EXCHANGE 

0 o 0 0 () o 00 00 

YES 

o 

NOSHORT3 _____ ... 
AS-

HIO DECODED 
DURING INITIAL 

SELECTION. GO 
TO STOCSWl OF 

ENDING SEQUENCE 

HERE6 

ll9r.\. 
L/ 

BS,---_ 

WRITE DATA ON 
TAPE 

SETCCTLl 
ES---_ 

SET CHAN CTRL 
CHK. GO TO 

STOCSW OF 
ENDING SEOUENCE 

TO FINISH UP 

ooooc 
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Halt I/O and Halt Device (System/370 Model 125) 

MicroProcessor 97 

( ( ( 

A2 

HIOTYP1 

~
7 96E4 

A 2"':"--.....,. 

RESET CHANNEL 
STATUS AND 

PROGRAM STATS 

RESET CSW 
INFORMATION 

E2"':"--_ 
SET STOP STAT 
AND RETURN TO 

DECCNT OF WRITE 
OPERATION TO 

FINISH UP 

(: ( 

HDVCMD2 ' ____ _ 
B3-

HDV CMD NOT FOR 
HDV WORKING TAPE 

YES 

UNIT. CONTINUE 
THE OPERATION 

( ( 



Seven-Track Microprogram Flowcharts 
(System/3 and System/360/370) 

This section contains flowcharts representing the read 
and write operations when the subsystem is capable of 
seven-track operation. The Translate and Data Convert 
modes are included. In the 3411, data conversion and 
translation are carried out by the microprogram rather 
than by hard-wired circuitry. 

Program labels are included on the flowcharts as 
reference pointers to the microprogram listing. For 
details of a routine, use the labels and the 
cross-reference list in the back of the program listing 
which is at the same .EC level as your tape control 
microprogram. 

Seven-Track Read Operation 
(System/3 and System/360/370) 

.~, 
",-y 

NRZREAD Both the tape control and the tape unit 
are capable of seven-track operation. 
Prepare to read tape in seven-track 
mode. 

OAT AI N A byte of data has been received from 
the tape unit. The tape control now 
checks parity and whether Translate or 
Data Convert mode is set. 

DATASRCH Neither Translate nor Data Convert 
mode is set. 

r'l;, 

Ji 

t' 

\-- " 

r"'~''l 

",) o o o 

NRZREAD 

SET MID-RANGE 
DETECTION 

000 

YES 

YES 

o 

_-<:2...L.--_ 

RETURN TO NINE 
TRACK 

SET BACKWARD 
STATUS IN TU 

SET SHORT GAP 
MODE IN TAPE 

UNIT 

YES 

YES 

TM5 

SET UNIT CHECK 
AND END 

OPERATION 

GET BYTE FROM 
TAPE UNIT 

SET VRC ERROR 

o ,0 
~;J 

COUNT16A 
E4,...L.--_ 

WAIT 3 TACH 
PULSES AFTER 

LAST DATA READY ~4~------1 
AND END 

OPERATION 

SET VRC ERROR 

SET OVERRUN 

ooC)ooooooo 
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Seven-Track Read Operation 
(System/3 and System/360/370) 

DCREAD Data Convert mode is set and the 
command is Read Forward. 

BYTE1 RD The first byte of a group of four is 
being read. 

BYTE2RD The second byte of a group of four is 
being read. 

BYTE3RD 

BYTE4RD 

The third byte of a group of four is 
being read. 

The fourth byte of a group of four is 
being read. 

( ( ( (- { 

...---Cl~--..... 
RESET SERVICE 

IN AND 
DECREMENT BYTE 

COUNT BY ONE 

SET CONTROL TAG 
CHECK AND HANG 

NO 

( 

CKDCMO 
A 2---..... 

RESET DC FIRST 
BYTE 

SVOISOK r 
...---C2-'.:...----, 

PUT DATA BYTE 
ON ABI 

~-.l 0105 

ONRD 
D2'~---., 

GET DATA BYTE 

L~ 
L/ 

( ( 

DCREAD 

GO 
1. 
2. 
3. 
4. 

BYTE1RD 

.,l 
TO: 
BYTE1RD 
BYTE2RD 
BYTE3RD 
BYTE4RD 

( 

2C3 
2C4 
2C5 
2D5 

3---..... SHIFT FIRST 
BYTE FROM TU 
AND SAVE IT. 

SET FIRST BYTE 
OF FOUR 

.. 

YES 

( ( 

CHECK FOR LOST 
DATA 

BYTE2RD 4---..... SHIFT SECOND 
BYTE FROM TU. 

ACCUMULATE 
FIRST BYTE FOR 

ABI 

~ 

BYTE3RD 5---..... SHIFT THIRD 
BYTE FROM TU 

ACCUMULATE 
SECOND BYTE FOR 

ABI 

BYTE4RD 
D5----., 

SHIFT FOURTH 
BYTE FROM TU 

ACCUMULATE 
THIRD BYTE FOR 

ABI 

( 
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Seven-Track Read Operation 
(System/3and System/360/370) 

1"'00" 
\".<)! 

RDXLATE This is a Read operation with Translate 
ON. 

',,", 

'-.....J' 
.' 

/''" 

",-,j 
,'~ 
",--y 0'· 

/" 000 000 o 

SET UP 7A FOR 
TRANSFER TO ABI 

B2:---_ 

SET UP 60 FOR 

YES 

YES 
TRANSFER TO ABI 4-------------< 

_--C2:---_ 
SET UP 50 FOR YES 

TRANSFER TO ABI 4-------------< 

ROUT2 
B5---_ 

LEAVE 0 & 1 AS 
IS INVERT 2 & 
3, MAKE 4-7 = 

0000 

D3-ol.--..... 

2 & 3 = 00 SET 
UP TO TRANSFER 

40 TO ABI 

INVERT 0-3 AND 
I---------------------------~ •• ~----------------------------·ILEAVE 4-7 AS IS 

o o o o o a o 

E4·---_ 

GO GET ANOTHER r BYTE FROM TAPE 
UNIT 

lfOI\. 
L/ 

0000000 c 
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Seven-Track Write Operation 
(System/3 and System/360/370) 

SETR21 The tape control and tape unit are both 
capable of seven-track operation. This 
is a Write operation, so do a load point 
delay if tape unit is at load point. 

NEXTBYTE SERVICE OUT should be active by now. 
If not, the system is not sending data 
fast enough. 

E3,C4,D4 When attached to a System/360, the 
tape control does not use byte count. 
The end of the data block is signaled by 
COMMAND OUT. 

(- ( (-

9 

YES SET UP TO DO A 
~------~I LOAD POINT 

WRTMOVE3 1---....... START TAPE UNIT 
MOVING (MOVE 
TAG) DO TACH 

COUNT 

D1---....... 
DO A LOAD POINT 

DELAY IF AT 
LOAD POINT 

HOUSEKP 
E1----., 

SET UP FOR 
MODEL & DENSITY ----~ 

DELAY 

I 

SET "§US OUT 
CHECK' & SEND 
SENSE TO ABI 

( (\ 

NRZWRT 
A 3,----., 

SYNC IN WITH 
WRITE CLOCK & 
'SET UP FOR 

BYTE1 

roT:\. L/-+ 02A4 

NEXTBYTE 
B 

NO 

r----C3----., 
GET A BYTE FROM 
ABO & PUT IT IN 

R10 

E3---....... 
RESET SERVICE 

IN AND STEP 
BYTE COUNTER 

OVERUN 

NO 
B4·-----. 

SET OVERRUN 

STEP BYTE 
COUNTER 

LroI\.. 
L/ 

( ( 

• 



Seven-Track Write Operation 
(System/3 and System/360/370) 

/~') 
: I 

\~""--' " 

SETSERI A byte of data has been received from 
ABO. The tape control sets SERVICE 
IN to indicate it is ready for another 
byte. 

DL Y The tape control waits here until the 
byte of data is written on tape, or a 
DATA READY signals that the read 
head is passing over a previously 
written part of the data block. 

i:""', ;'" 01 0 : ':, " <;J <.Y ./ 

SETSERI 

SET SERVICE IN 

0 0 0 0 0 0 0 0 0 .. , 

TAGCHK1 

NO SET CONTROL TAG 
>----.. CHECK & SEND 

SENSE TO ABI 

ODD 8-1 
.__-C2-'---_ 

WRITE TUBOO 

02 03C4 
D2 -+ 03E4 

_--C3-'---_ 

WRITE TUBOE 

~ 
03A4 

.~----------------------~ OSC1 
DLY 

ES 

41"K) 

,r'", 0 0 () 0 0 0 0 C) f, 

---- ------- -

NO 

() 

STEP CHECK 
CHARACTER 

COUNTER 

0 C) 0 

PREPARE TO 
WRITE LRC 
CHARACTER 

0 0 0 0 ( 
\.. . 
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Seven-Track Write Operation 
(System/3 and System/360/370) 

DC7TKWR The tape control is in Data Convert 
mode. Data bytes from the system 
must be shifted and accumulated to 
form bytes in Data Convert format. 

Cl 

E2 

The first time through here, go to 
BYTE1, the second time go to BYTE2, 
and the third time go to BYTE3. 

The first time through here, go to 
BYTEll, the second time go to 
BYTE21, the third time go to BYTE31 , 
and the fourth time go to BYTEl to 
start the next series of four bytes. 

CKENDDC A series of four bytes has been written, 
so check if it is time to end the Write 
operation. 

( ( (/ 

01C4 

LASTBYTE 
A 1-----.. 

SET "ENDING 
STATUS" & "4TH 

BYTE TO TU" 

ror.\. L/-+ 
DC7TKWR 

02C1 

PUT DATA FROM 
CHANNEL IN A 

REG 

_-<:1-----... 
GO TO: 
1. BYTE1 3A2 
2. BYTE2 3B4 
3. BYTE3 3D4 

WRITE TUBOE 

COMPLEMENT 
ODD/EVEN STATUS 

( ( 

BYTE1 
A 2---_ 

ENTER FROM 3E2 
SHIFT 1ST DATA 

BYTE 2 
POSITIONS RIGHT 

( (-

BYTE11 
A4-----. 

ENTER FROM 3E2 
ACCUMULATE LRC 
& BITS 2&3 FOR 

BYTE2 

NEXT BYTE 

L~ 
L.J 

ENTER FROM3C1 
ACCUMULATE LRC ~4----------------------------~---IGET SECOND BYTE 

NO 

GO 
1 • 

----. .. 2. 
3. 
4. 

WRITE TUBOO 

E2---_ 
TO: 
BYTE11 3A4 
BYTE21 3C4 
BYTE31 3E4 
BYTE1 3A2 

lOr,\. 
L/ 02A3 

CLEAR THE 4TH 
BYTE OF DC DATA 
TO TU INDICATOR 

SET UP TO GO TO 
'-----IDLy (2D2) AFTER 

LAST WRITE TUBa 

BYTE21 _-<:4----... 
ENTER FROM 3E2 
ACCUMULATE LRC 

BYTE3 

L~ 
L.J 

ENTER FROM 3C1 
GET THIRD BYTE 

BYTE31 
E4-----. 

ENTER FROM 3E2 
PREPARE 4TH 

BYTE. SET DC 
4TH BYTE 

Lm:\. 
L.J 
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Seven-Track Write Operation 
(System/3 and System/360/370) 

,,,,,~ 

0 

WRXLATE The tape control is in Translate mode. 

('""-"', 
iJ 

Data bytes from the system must be 
translated before they are written on 
tape. 

( 
\'-.. ./ 

---

000 000 o 

SECTA 
,....--C1---............ 
SET BITS 4-7 TO 
BI~~ 1 g dNV

6 ~~6p BITS &1 

B2 L~2 L..-____ ., 

SET UP TO WRTTE 
BYTE = "DAn 

Lroi:\. 
L.J 

0,' , . o o 

,....--C2~----..... 
REMOVE BITS 
O&1 L INVERT 

BI·.rS 2&3 

SET BITS 4-7 TO r OOOOLCONVERT 
Bl"l'S 2&3 

o 

Lroi:\. 
L.J 

(~ 
J 

SET UP TO WRTTE 
BY'l'E = "10 il 

Lrof:\. 
L.J 

C-"" rO--' 0' 0' 0" '. 0' 0' ", 0-, 0-. y '", " " "V,', ".' ::, -, 
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Seven-Track Write Operation 
(System/3 and System/360/370) 

f": ( 

CKODDP The tape unit is reading back the block 
being written. The tape control checks 
the parity of each byte and terminates 
the Write operation when the LRC 
character is read. 

( 

-~-

-"--~----"-----"-
--~---- - ------

(-~ f- (- C- ( (- ( (- ( 
- (--

MicroProcessor 707 

---~~--

( 
--

f ( " (-C 
------------

(:" ( (".-~ (-,. (-

02E2 

A 1....1..--_ 

GET DATA FROM 
TAPE UNIT 

COUNT16A E1-----.. 
WAIT 3 TACH 

PULSES AFTER 
LAST DATA 

READY. 

PER 

-"--- ----------

f, (-

B2~----... 

SET VRC ERROR 

D2!-----, 

SET LRC ERROR 

E2~----.. 

END THE 
OPERATION 

(, (-~ ( 
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Power-On Reset (System 115/125) Revised 10/27/75 by TNL 26-0323 

ADDRESS (ADDRESS APPLICABLE 
TO EC7360391 

ITSOFF ~' t ,CARRY 
000 ... SETUP R7 

, 
CHECK RESETS 1 607 OCCURS 

SETUP _ ...... 
~. 

START STORE FF IN R7 FOR ALU l TRANSFER 0 REG TRANSFER 
TRANSFER R2 TO DETECTION 

ON3RD 
BEGIN POWER ON CHECKOUT NO - FROM 0 OFF CYCLE 

CHECKOUT ALUZERO TOR2 SDC1 ,CONTROL RE;G CARRY REGISTERS I 

YES ON 
BUOK 505 SET REGISTER 2 BB 

TEST 1 5EO, SETUP ,CHECK 

1- l STORE 30 IN R14 
30 EQUAT'ES 

STORE 00 IN R16 ~-
REGISTER 

F 
=01 I ADD FF TO R7 I (SHIFT R2 RIGHT' _,_ 'SHIFT TRANSFER R2TO DETECTION TO HIGH-16GOOD ADD 01 TO R2 ~ RIGHT SDC2 CONTROL DATA PARITY OPERATION REGISTERS, 

255 LINK 
SHOULD NOT I 

~: STORE FF IN RO 
START~OF YES , BEON 

ON OFF ,INTERFACE LINK ON 
CARRY CARRY TEST. 

SET UP TEST 
I 902 READ BACK.. 

CARRYON STORE 9E IN R7. CASE ~ N~ _ - - ~~l~!E~OM, CHECK SYSTEM MUST BE IMPL'D r'CONSTANT 
TRANSFER t· ENABLE 256THTIME OFF ON CHECK TO CONTINUE. FOR 
ENBLCHG DISABLE " THROUGH JRK001 TRANSFER ADAPTER " LOOP JRK001A 6C1 IC. SETUP BBB 6E4 SELECT SWITCH "" CHECKOUT 

I STORE FF IN R18 I I STORE R2 WITH R2WITH 

~. 
ADAPTER 1 TRANSFER R14 TO 

CARRY 
ON CHKIC 

,- CHKIC REGISTER ATI 
TURN OFF SOURCE SET UP HIGH& 
CHECK STATEMENT' STORE 24 IN R1 BRANCH DATA ....• 

RESET STATUS 

LATCH IN OFf I TRANSFER Hi LSR'S 
SETHI ;REVERSE 

SYSRST 508 CONTROL TAKE LSR'S THE ORDER 
UNIT. THE ~----

CARRY-OFF SETUP I ADD FO TO R14 ~. OF 
TRANSFER RO SWITCH SIDE 255 

~. 
CHKICTO STORE 09 IN R14, TEST CASE ADAPTER 

WILL BE TIMES l TRANSFER R2 TO INSTRUC- CONSTANT REGISTER RESET 
ON IF THIS CHKIC TlON SELEC:rION 
ROUTINE CHECK COUNTER ,'\., " 

WAS ENTER- 10RI R18 WITH 00 
SETTING MOVE 

ED FROM AA REGISTER 7 OF HI-LO , SETUP COMPARE 
SYSTEM = FE LSR LATCH CHKIC 601 AAA 6DC ADAPTER I TRANSFER R7 TO ~. 

DATA TO 
RESET. ~, ~ 

'EXCLUSIVE 'REGISTER 
ADD FFTO R7. I EOR R2 WITH CHKIC 

REGISTER 
•• OR R2 TO ADD 10TOR14 ADDRESS AREG A . 

190 00 CHECK CHKIC R14 = 19 1ST 
WAIT UNTIL --~ 8 BUS I 292ND 48 

SYSTEM PARITY 393RD F3 --- RESET IS ~ ON GONE OFF BBUSODD, NO 
I GET DATA 

SYSRESET CARRY ALU ZERO' ~. 
BACK FROM 

MODIFY I TRANSFER ABO TO ADAPTER 
DATA FOR R13 CPU GATES 

YES EACHCYCL.E ADAPTER 
ON ADD 55TOR7 

OFF .YES R7 = F31ST REGISTERS 
JRK008 CHECK FOR 482ND TO ABO 

TRANSFER R7 TO I EO~ RO WITH FF ~-
DIAGNOSTIC 9D3RD, 

STOZ ERO AREG RUNNING , 
TURN OFF F<S I EOR R13 WITH COMPARE 

1 ALUZERO FROM ' TRANSFER WRITE WRITE REGISTER 2 
SYSTEM I SELECT AREG DATA 

CLOCK OFF CLOCK AND REGIS- ADAPTER 
TERA TRANSFER R14 TO REGISTER 

ADD R2 TO A REG ... - SHOULD ATI 19 = DATA LO 
ALWAYS NO : 

29 = TAG HI 
CLEAR EQUAL FF. ALUZERO 

YES 39 = DATA HI YES 
STORE 00 IN R2 

~ 
DO NOT ALU ZERO .. 

,REGISTER2 & MODIFY R2 ~ KK' 
YES ' I TRANSFER LOW SET LOW TRANSFER R7 TO ~, 

SEND DATA " 

o REG ALL ONES LSR'S I..SR'S NO F3 NO 
STATUS ABI 48 -t OFF CHECK j~D EEE INTERFACE 

I J WRITE CLOCK AND R9 WITH RDFW ,FOR I STORE 1,1 IN R6, ~ 
·ERROR· 

NO READ DETECTED 
OPERATION 

+ ~. 
R1 =241ST 

l 
.BY MICRO-

ON WRITE ,SHIFT R1 RIGHT 122ND COD,E 
CLOCK HARDWARE 1'0 STATUS 93RD 

~. ERROR. ERROR. 
STORE 21 IN R6 DETECTED STORE 81 IN R6 .. DETECTED ROUTINE 

(203 IN 
BY MICRO- BY MICRO- MICROCODE , CODE CODE, L1STING.1 li2 

() o o (~ ",_y o o o o I""~ 0 ("1.\ 0 0 \..y : 'I V o 0 () 
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Appendix A: System Attachments 

System/3 Model 10 Attachment 

Note: For System/3 Models 8, 12, and 15, see 
pages A47 through A92. 

The magnetic tape attachment is located in the 
CPU, on channel bank 2, board location B-2 of 
the feature gate. 

The purpose of the attachment is to adapt the 
subsystem interface to the CPU channel 
interface. The attachment interprets the signals 
between the system and subsystem. The 
attachment also handles data during read, 
write, and sense operations, and holds tape 
unit status until it is needed by the CPU. 

Data Flow (System/3 Model 10 Attachment 
Data Flow Diagram) 

System/3 Model 10 to Attachment 

Instructions Causing Data Flow 

There are four I/O instructions which cause 
data flow between the system and subsystem, 
through the attachment. 

Sense I/O: A Sense instruction causes two 
bytes of sense information to be sent to the 
system. Bits 5-7 of the "Q" byte select the 
sense bytes. 

Load I/O (LlO): A load I/O instruction places 
two bytes of information in the Magnetic Tape 
Data Address Register (MTDAR) in CPU, or the 
Byte Count Register in the subsystem. Only 
that information going to the Byte Count 
Register passes through the attachment. Bits 
5-7 of the "Q" byte select the destination of 
the information. 

(- (' C {--, (" (- ( 

Test I/O (TIO): A Test I/O instruction tests 
the busy or not ready / unit check status of the 
tape unit. The attachment holds the tape unit 
status in the Device Status Register, and the 
subsystem is not addressed. Bits 5-7 of the 
"Q" byte select the status condition to be 
tested. 

Start I/O (SIO): A Start I/O instruction 
initiates a read, write, or motion control 
operation in the subsystem. Bits 5-7 of the 
"Q" byte select the type of operation. When 
the "Q" byte contains a control or diagnostic 
command, the "R" byte selects which 
command the subsystem is to execute. 

Inputs to Attachment from System 

Instruction Tag Out: There are four 
instruction tag lines to indicate the presence of 
an instruction in the CPU Operations Register. 

SIO Instr indicates a Start I/O instruction. 

LlO Instr indicates a load I/O instruction. 

TIO Instr indicates a Test I/O instruction. 

SNS Instr indicates a Sense I/O instruction. 

Cycle Tag Lines: There are four cycle tag 
lines which indicate which cycle the CPU is 
executing during an I/O instruction: IQ Cycle, 
IR Cycle, EB 1 Cycle, and EB Not 1 Cycle. 

Attachment Tags Out: The attachment 
converts System/3 interface signals and puts 
them on Attachment Tags Out Bus for use by 
tape control. 

(- ( ( (~ (- ( 

Bus Out: The Bus Out (DBO P, 0-7) transmits 
data from CPU to the attachment. The data is 
identified by the Instruction Tag and Cycle Tag 
lines. Device Address Decode receives the 
address field of the "Q" byte from DBO to 
determine which tape unit to select. 
Attachment Bus Out transfers data from DBO 
to the tape control. 

Data on DBO: 

DBO contains a "Q" byte when an 
Instruction tag and the IQ Cycle tag are up. 

DBO contains an "R" byte when SIO Instr 
and IR Cycle tags are up. 

DBO contains the contents of the Main 
Store location addressed by LlO when LlO 
Instr and EB Cycle are up. 

DBO contains the contents of the Main 
Store location addressed by LlO, minus 1, 
when LlO Instr and EB Not 1 Cycle are up. 

(In each case the information is available at 
Clock 6 time.) 

I/O Cycle 

Read or Write data is transmitted between 
CPU and the subsystem during I/O cycles. 
When the attachment requires an I/O 
cycle, it activates cycle steal request to 
CPU. When an I/O cycle is granted to an 
attachment, DBO contains information at 
Clock 5 of the I/O cycle during a write 
operation. 

Attachment to System/3 Model 10 

Sense I/O and Start I/O cause data flow from 
the subsystem to the system, through the 
attachment. The sense bytes and data read by 
the tape unit are transmitted through the Data 
Bus In to the Bus In (DBI P, 0-7). 

c 
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Interrupt Requests: When the Interrupt Poll 
line is up, a" interrupt requests are placed on 
the DBI. 

Clock 0-8: CPU clock pulses provided for 
attachment timing. 

Sample OBO (SOBO): A clock pulse which 
samples the data on DBO. 

Early Phase C (EPHASEC): A clock pulse 
providing a delayed sampling of DBO. 

Set ABO Register: A clock pulse generated 
by the fall of EPHASEC. 

Attachment Tags In: The attachment 
converts the tape control Tags In signals for 
use by the CPU. The CPU uses these signals 
to keep track of the tape control working 
status. 

Control In: Control In lines control the data 
flow of the CPU during an I/O cycle. They are: 
Store Data, Block SDR, Binary Subtract, and 
Inhibit lSR load. 

Status In: Status In lines indicate to CPU the 
status of the tape unit. They are I/O Condition 
A, and I/O Condition B and are used in 
combination. These lines are generated from 
the Device Status Register which keeps track 
of the tape unit status (ready or busy) and DBO 
parity check circuits. Any error condition 
detected by the attachment or the tape control 
sets the I/O Conditions. 

Select Bus In: Select Bus In consists of five 
lines -- lSR Select 3, 4, 5, 6, and 7. The 
attachment uses 5 and 7 to select the MTDAR. 

( 
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Error Checking 

The attachment checks the data it, receives from CPU 
and the data it receives from and sends to the 
subsystem. In addition, the attachment monitors the 
operation of its interface with the subsystem. 

Bad parity detected in data received from the CPU will 
terminate the operation and turn on the PROCESSOR 
CHECK and CHAN DBO indicators on the system 
console. Errors in data transferred to and from the 
subsystem and in thE; interface operation activate I/O 
Check to CPU and set Adapter Check and Unit Check in 
the attachment. The I/O Check to CPU turns on the 
I/O Check indicator on the System CE Panel. The 
Adapter Check/Unit Check will activate I/O Condition A 
to CPU when a Test I/O is executed. 

Two other error conditions that can occur set Adapter 
Check/Unit Check only. The first is an I/O Check from 
the subsystem. This I/O Check occurs if the 
microprogram (in the tape control) detects a bit set in 
subsystem sense byte O. The second condition IS if the 
subsystem becomes disabled by a hardware error or by 
the subsystem being taken offline. 

The following table defines the errors in more detail. 

;r-, r", 
'"y 

r~ r~ 
\..,;1 

I /") f~ ;'"",,\ 
\,,)1 \....Y ",--' \.y "---/ I 

.0 0 ~ C) :,,) ~.Y 

ERROR SUMMARY 

Error Indication 

PROCESSOR CHECK and 
CHAN DBO on. 

PROCESSOR CHECK .and 
INV Q on. 

I/O CHECK 

Adapter Check/ 
Unit Check 

;<"'~ /c~. ·0 0 0 \.,j ~jI \_J 

Page of SY3Hi028-1 
Revised 2/1/74 By TNLSN3Z-5035-0 

Cause Comment 

Bad parity detected in byte received 
from CPU. 

Operation terminated. Manual 

Invalid command received from 
intervention required to restart. 

CPU. 

1. Data byte received from tape 
subsystem had bad parity on 
the ABI. 

2. Detected bad parity in the data Also sets 'Adapter .Check· and 'Unit 
byte being sent to the Check' in the attachment. 
subsystem on the ABO. 

The System will execute a sense 
,3. Two 'in tags: status, service, instruction to determine the error 

command, or address were condition. 
active simultaneously. 

4. The subsystem did not respond 
with the correct 'in tag: 

1. Subsystem is disabled. 1. The ENABLE/ DISABLE switch 
may be in the, DISABLE 
position or a hardware error 
has occurred. Check the 
switch. The System will 
execute a sense instruction to 
get the hardware error byte. 

2. I/O Check from the subsystem. 2. The microprogram has 
detected a, bit set in 
Subsystem Sense Byte O. The 
System will execute a sense 
instruction to determine the 
error. 

r~ () r~ ;r~ 0 U J V o C) 0 000 
.. ~-----~-------. ----
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Line Receivers 
System/3 Attachment Data Flow 

DBO P. 0-7 

I PH 
SIO Instr Start I/O 

I LlO Instr Load I/O DBO 0-4 Device Address 0 TIO DBO p. 0-7 

SNS Instr Sense Device Device Address 1 DBO 5 or 7 A OR 

I TlO Instr Test ItO DBa Parity (Bad) Gated Any I/O Command 
Address 

~ Device Address 2 LlO 
PC 2 Decode 

IQCycie IQCycie 10 Cycle and Clock 5 Device Address 3 DBa 6 or 7 A 

I IR Cycle IR Cycle HT300 
~ Dev Adr and SNS 

EB 1 Cycle EB 1 Cycle 
HT210 Set ABO Reg 

DBa 5-7 A Invalid Command 
I EB Not 1 Cycle EB Not 1 Cycle Set Address Out 

Check Reset Check Reset A ADD OUT HT340 

I Clock 0-8 Clock 0-8 Not Address In Set ABO Reg A FL - Sense Start I/O - Load I/O Check Reset 
Sample DBa SDBO 

I CSACK EB Not 1 Reset _ Early Phase C EPhaseC Cycle Steal Acknowledge 

U Clock 8 A FL Address In OR 

I DBO 7 
JWT210 -- Address Out 

Not DBa P A HT340 

I Service Out 
Cycle Steal Request to CPU Clock 7 WRSO 

I HT340 
Write Cycle Command Out 

I EPhaseC A FL -----
Start 1/0 

J and IR Cycle CMD 

Clock 5 Set ABO Reg I A I 
Service In and Not Service Out FL 

Line A - ~ 

Drivers ~ 
I/O Working 

I Store Data and Block SDR EB Not 1 Reset -Binary Subtract Service in Command In lOR 

I Cycle Steal Request to CPU 00' AB I Parity Latch HT240 HT360 

(To CPU) I/O Check OR ABO Pari tv Latch Gate Control 
'\' 3 

ROSa 
I/O Working to CPU Out of Sequence Data to OBI 

I Clock 3 I A FL ~ ~ 
Select LSR to CPU Two Tags 

I 
~ 

I/O Attention 
HT130 

I 
I-- SIO and IR Cycle Service In 

WT215 - FL A 110 Working 
HT240 

I 
Not Clock 5 and IQ 

~ 
Status In 

I ~ 
HT360 

~ A 
Stop I/O Meter from Control Unit 

I - Device Status Not IQ Cycle 

~ 
Dev Not Ready 

Register and Clock 5 
(TU 0 and 

I/O Condition A to CPU (Sets Condo A & B) OR A 1 Status) Status In 

I DBO Parity (Bad) Gated Dev Adr 0-3 A· 
Cond - BIO Dev Busy 

A (Gate) B12-7 

I and X.X. A Not IQ Cycle 

B DevAdr 0-3 OR and Clock 5 
Set Adapter Latches - (TU 2 and 

N - Dev Unit Check 3 Status) Status In 
I 1/0 Condition B to CPU Reset Condition A and B 

A 
A 

I Dev Adr 0-3 Not BI 0 

I 
HT230 HT230 HT220-230 

1/0 Check from Tape Control 

I I/O Check from Attachment 
BI P. 0-7 BI P.0-7 

L OBI P.0-7 Data Attachment Sense Byte 0 t Gate Control Data to OBI e ABIParity ~ Bus In Latch 4 

I E1 Reg Attachment Sense Byte 1 t Gate Sense Byte 0 

t Gate Sense Byte 1 
.HT130 

HT140 HT140 

( ('\ 
/ 

(- (~: 

Attachment I 
B.ul! Out Reg 

I 
I 
I 

ABO 

I Parity 
Latch 

HT100 1 PC 3 
HT100 

~ttachmen 
lTag Out I 

I 

I 

I 
WT040 I 

1 I 
I 

A .... I 
Attachment I Diagnostic Command 

I 
Line I 
Receivers 

I 
I 
I 

WT040 I 
I 
I 

Bus In I 
I 
I 
I 

HT120 

I 

( (-

3411 
TAPE CONTROL 

Line 
Receivers 

XFR ABO 

HN001-002 

Line Receivers 

HN003 

Attachment 
Tags In 

HN004 

Attachment 
Bus In 

" 
HN004 

( (- ( 

To LS R 
via 0 
Regist er 

To B ranch Test 
its Circu 

From L SR 

iXFR INTAG 

From L SR 

f XFR ABI 

( 



Test I/O 

Test I/O checks for the Busy or Not Ready/Unit 
Check status of the addressed tape unit. The test 
conditions are contained in the N-Field of the Q 
Byte. If the condition is met the CPU program 
branches to the address specified by the Test I/O 
instruction. If the condition is not met. the CPU 
program proceeds to the next instruction. 

() 000 

Dl----... 
SET CONDITION A 
AND CONDITION 8 

(TURNS ON 
PROCESSOR CHECK 

& CHAN D80) 
HT230 

I-OPCLK5 
A 3,----. 

TEST 1/0 
INSTRUCTION 

: ~~~ ~~~~~~ ..... : ~~~~~ ... ·1· ........ . 
B3...:..--..... 

NO 

D2!---..... 
YES 

CPU PUTS 8 BYTE 
ON DB 

INVALID COMMAND 
(TURNS ON 

PROCESSOR CHECK ~------< 
AND INV Q) 

HT360 

E2!"':'---. 
OPERATION 

TERMINATES 

(CONDITION A AND 
CONDITION 8 NOT 
SET ) 

o o () 

EPHASEC _l~ __ ..... 
E3 

SET CONDITION A 
OR CONDITION B 

HT230 

00 o 

Q 8YTE 

1 
ADDRESS I 

011** I 
01234 

ADDRESS I 

SU8SYS 011** 
TU a 00 
TU 1 01 
TU 2 10 
TU 3 1 1 

D4 . ...:..--..... 
TEST CONDITION 
MET (CONDITION 

8 NOT ON) 

CPU BRANCHES TO 
EFFECTIVE 

ADDRESS 

o 

N-FIELD .1 
TEST CONDITION 
567 

L...-

N-FIELD 

000 NOT READY/UNIT CHECK 
ala BUSY 
ANY OTHER N-FIELD 8IT 
CONFIGURATION RAISES 
INVALID COMMAND 

NO 

D5,...:..--..... 
TEST CONDITION 

NOT MET 
(CONDITION 8 IS 

ON) 

CPU PROCEEDS TO 
NEXT SE8UENTIAL 

INSTR CTION 

0000000 
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Load I/O 

The Load I/O (LlO) instruction stores two bytes of 
data in the Magnetic Tape Data Address Register 
(MTDAR) or in the tape control LSR. The bytes 
stored in the MTDAR contain the main storage 
address where data is to be stored or fetched. The 
bytes stored in the tape control LSR contain the 
byte count for a subsequent data operation. 

Q BYTE 

I ADDRESS I N FIELD.I 
all ** I REGISTER 
01234 567 

ADDRESS I N FIELD 

SUBSYS 011** 000 LOAD BYTE COUNT 
IN TAPE CONTROL 

TU a 00 
TU 1 01 100 LOAD MAGNETIC TAPE 
TU 2 10 DATA ADDRESS REG-
TU 3 11 ISTER IN CPU 

ANY OTHER COMBINATION 
RAISES INVALID COMMAND 

--( ---

( ( 

I-OPCLK5 
BZ~""'--..... 

RAISE LIO TAG 

I-QCLK5 Z ..... _-_ 

DECODE Q BYTE 

I-OCLK5 
(SDBO) 

EZ---.... 
SET CONDITION A 
AND CONDITION B 

( (c:', 

YES 

(TURNS ON I-------.~ 

( ( 
.. 

NO 

(INVALID 
COMMAND) 

83: ..... --..... 
NEITHER 

CONDITION A NOR 
B ON. (TURNS ON 
PROCESSOR CHECK 

AND INV Q) 

PROCESSOR CHECK ""-__________ -' 
& CHAN DBO) 

HTZ30 

( 

_-<:4 ..... --_ 
SUBSYSTEM IS 

BUSY. CPU WILL 
RETRY 

INSTRUCTION 

( ( (
-~ 

-" 

I-QCLK5 B5---.... 
SET LOAD LSR 

LATCH. (UP 
UNTIL CLOCK 8 

OF EBNOTl 
CYCLE) 

HT340 

EB-1CLKZ 
_-<::5"':"--_ 

SELECT MTDAR 
LO-ORDER BYTE .. 
RAISE SELECT :) 

AND 7 TO CPU 

WTZ15 

EBNOT1CLK2 
D5---.... 

SELECT MTDAR 
HI-ORDER BYTE .. 
RAISE SELECT :) 

AND 7 TO CPU 

WTZ15 

E5 ..... --.... 
END OF 

OPERATION. GO 
TO I-OP OF NEXT 
CPU INSTRUCTION 

(- ( (--- ( 



Load I/O 

,~ ,"' f"'l'I ( r-c

" 
r-~ 0 () 0 0 ) 'C) ~ ~;J \,y \~-.-_/ '",--y \.' 

FROM: 
04A4 

_-<:2----... 
SET ADDRESS OUT 

LATCH . 

E2 ...... --..... 

RISE OF ADDRESS 

A ON 

SUBSYSTEM BUSY. 
CPU RETRIES 
INSTRUCTION 

I -QCLK5 3,-!----.., 
SET LOAD CTL 

LATCH. (UP 
UNTIL CLOCK 8 

OF EBNOT 1 
CYCLE) 

HT340 

IN RESETS .------
TURN ON SEgUENCE 
ERROR IF N T RESET 
BY EBl CLOCK 7 ADDRESS OUT 

HT340 

.. 

0 0 0 0 0 r'~ 0 " 'I' U 

TURN ON TWO TAGS 
ERROR IF ADDRESS 

.---~--------- IN AND SERVICE IN 
ARE BOTH UP. 

EB-1CLK5 
4, .... ---... 

CPU PUTS 
LO-ORDER 

PORTION OF BYTE 
COUNT ON DBO 

EB-1CLK5 
E4, .... ---... 

SET CONDITION A 
AND CONDITION B 

(TURNS ON 1-------•• 
PROCESSOR CHECK 

& CHAN DBO) 
HT230 

0 0 n ",-y 0 0 

E5,---....... 
OPERATION 

TERMINATES 

o 

0 0 

'. 

(~ 0 0 0 0 0 0 0 C ~~ 
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( f ( (~ ( ( ( 
~ 

Load I/O 

(' ( ( -.( 
"", ,::,,::,.:',,:: 

( 

EB-1CLK5 
EPHASEC 

~
6 b~g~: 
A1 

A 1"""--"", 

SET WRITE 
SERVICE OUT 

HT360 

TRANSFER BYTE 
COUNT TO TAPE 

CONTROL 

FALL OF SERVICE 
IN RESETS 

SERVICE OUT 

HT250 

.------

._._--------

( ( ( 

TURN ON SEOUENCE 
ERROR IF STILL UP 
AT EBNOT1 CLOCK 4 

(- (-" C (~~ 

... 

_--C3 ...... --..... 
SET CONDITION A 
AND CONDITION B 

(TURNS ON 
PROCESSOR CHECK 

& CHAN DBO) 

1 
HT230 

D3-----...... 
OPERATION 

TERMINATES 

(- ( ( 

EBNOT1CLK5 

NO 

A4 ....... --..... 
CPU PUTS 
HI-ORDER 

PORTION OF BYTE 
COUNT ON DBO 

EBNOT1CLK5 1 
EPHASEC 

_-<::4 ....... --..... 
SET WRITE 

SERVICE OUT 

HT360 

TRANSFER BYTE 
COUNT TO TAPE 

CONTROL 

Appendix A 6 

( ( 

YES 

( (~ 
/ 

D5---..... 
FALL OF SERVICE 

IN RESETS 
SERVICE OUT 

HT250 

(-- (-- (--. ( ( ( ( ( 
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Start I/O (SIO) 

Start I/O initiates a tape operation. During the I-Q 
Cycle, the Q Byte is decoded for the tape unit 
address and command. If the command is the 
Control or Diagnostic type, a'n R Byte is received 
during the I-R Cycle. The R Byte contains the 
specific Control or Diagnostic command. For a 
Read or Write command the R Byte is not used. 
However the I-R Cycle is still executed. 

.. """ r-" / r - ':! 
""--_.JI ,,_J! (~ 0 0 ~y ,',,' ,'.:, 

Q BYTE 

1 

ADDRESS I N-FIELD .1 
01'** I COMMAND 
01234 567 

ADDRESS I N-FIELD 

SUBSYS 01,1** COMMAND 
TU 0 00 000 CONTROL 
TU 1 01 001 READ FORWARD 
TU 2 10 010 WRITE 
TU 3 11 011 READ BACKWARD 

100 WRITE DIAGNOSTIC 
101 READ DIAGNOSTIC 
110 WRITE DIAGNOSTIC 
111 READ DIAGNOSTIC 

NOTE 1 

CONDITION A IS ON WHEN: 

f11 I/O WORKING IS ACTIVE OR 
2 DEVICE HAS GONE NOT RtADY, OR 
3 THE DEVICE IS BUSY. 

SUBSYTEM) iSUBSYSTEM) 
ATTHMNTl 
ATTHMNT 

of 

0, 0,' 0'", "", .,' '., ," 000 0 0 C) 0 
\"j 

Appendix A 7 ,-

I-OPCLK5 A 3,---_ 
START I/O 

INSTRUCTION 

1-8 CYCLE 
CL CK5 

B3,----_ 

CPU PUTS 8 BYTE 
ON DB 

_--<:31...1.--_ 

DECODE 0 BYTE 
FOR DEVICE 

ADDRESS 

HT210 

EPHASEC 

YES ACTIVATE SET 
~~----~IADAPTER LATCHES 

B41----_ 
SET CONDITION A 
AND CONDITION B 

(PROCESSOR 
CH£CK AND CHAN 

DBO) 

1 
OPERATION 

TERMINATES 

_S_E_E_N_O_T_E_--II---~ 

E4, ...... ----. 
START I/O IS 
REJECTED. CPU 

WILL RETRY 
INSTRUCTION 

'. 

HT320 

B5,----_ 
SET DEVICE 

ADDRESS LATCH & 
SET CONDITION A 
OR CONDITION B 

HT230 
HT260 

05,----_ 
SET ADDRESS OUT 
LATCH AND RESET 
ALL SENSE BITS 
EXCEPT NOP BIT 

HT340 
HT330 

E5,...I.----. 

SEND ADDRESS 
OUT TO TAPE 

CONTROL 

lroF.\. 
L/ 

0 0, 
j OOOOC) o OOOOOO( 



~--------

(' ( f (0 ( ( 

Start I/O (SIO) 

-_.----------_ ... 

( ( 

\ \ 

(~ (~ (-

FROM: 
07E5 

SET READ OP 
LATCH 

HT250 

SET READ 
BACKWARD LATCH 

HT360 

(~ 

NO 

YES 

( (~ ( 

WRITE WRITE 
DIAGNOSTIC,,_.9R 
CONTROL COJVIIVIAND 

E2 
RESET ADDRESS 

OUT LATCH 

HT340 

( , (~: (~/ (-' ( ( (~ ( 
" 

I-R CYCLE 
CLOCK 5 

A 3-----. 
PUTS R BYTE 
ON DBO 

NOTE: 
IF THIS IS A READ OR 
WRITE OPERATION THE 
R BYTE IS IGNORED BY 
THE TAPE CONTROL. 

D3 .... --_ 
SET CONDITION A 
AND CONDITION B 

(PROCESSOR 
CHECK AND CHAN 

DBO) 

E 
OPERATION 

TERMINATES 

YES SET COMMAND OUT 
LATCH 

HT360 

SEND COMMAND 
OUT AND R BYTE 
TO TAPE CONTROL 

E4 
GATE I/O 

WORKING TO CPU. 
TAPE CONTROL 

EXECUTES 
COMMAND 

HT360 

( ( (' 
_/ 

(- ( (-

.' 

HEX I CODE 

R BYTE 

ICONTROL COMMAND I 
C3 MODE SET ~9-TRACK PEl 
CB MODE SET 9-TRACK NRZI) 
07 REWIND (R W) 
OF REWIND UNLOAD (RUN) 
17 ERASE GAP (ERG} 
1F WRITE TAPE MARK ~WTM) 
27 BACKSPACE BLOCK BSB) 
2F BACKSPACE FILE ( SF) 
37 FORWARD SPACE BLOCK (FSB) 
3F FORWARD SPACE FILE (FSF) 
97 DATA SECURITY ERASE (DSt) 

01 
03 
07 
08 
09 
OD 

IDIAGNOSTIC COMMAND I 
WHEN N-FIELD IS 100 

DIAGNOSTIC WRITE 
LOOP WRITE TO READ 
LOAD BYTE 

( 

02 
04 
06 
OC 

WRITE SKEW CHECK 
READ FWD SKEW CHECK 
READ BKWD SKEW CHECK 

WHEN N-FIELD IS 101 
CROSSTALK CHECK 
DIAGNOSTIC MEASURE (FWD) 
IBG TIMING TEST 
DIAGNOSTIC MEASURE (BKWD) 

E5 
RESET COMMAND 

OUT LATCH. 
ATTACHMENT ENDS 

OPERATION 

HT360 

( f-- (- « 



I/O Cycle. 

I/O Cycles are the result of the Start I/O 
instruction. The tape control requests the I/O 
Cycle by raising Service In to the attachment. The 
attachment then issues a Cycle Request 7 to CPU. 
After the CPU acknowledges the cycle steal 
request, the data transfer begins. One byte of data 
is transferred each I/O Cycle. When tape control 
is ready to receive or send the next byte, another 
Cycle Steal Request is made to CPU. 

CLOCK 1 
D2~""'--""" 

ACTIVATE STORE 
DATA AND BLOCK 

SDR 

HT360 

CLOCK 2 
E2~--_ 

GATE CONTROL 
DATA TO DBI. 

ONE BYTE OF 
DATA READ FROM 

TAPE 

LI~~> A2 

00000 o o 

READ 

A 3-----. 
SERVICE IN FROM 

TAPE CONTROL 
INITIATES CYCLE 

STEAL RE8UEST 
TO CP 

1 
HT340 

B3, ..... --...... 
SET CYCLE STEAL 

ACKNOWLEDGE 
LATCH WHEN 
REOUEST IS 

RONORED 

HT350 

CLOCK 8 
B4----...... 

SELECT MTDAR TO ----+.. GET DATA 
ADDRESS 

WRITE 

HT350 

CLOCK 4 
D41 .... --..., 

SELECT MTDAR TO 
MODIFY DATA 

ADDRESS. ACTI­
VATE DBI7 TO 

INCREMENT BY +1 

CLOCK 5 

HT350 
HT140 

CPU PUTS DATA 
BYTE ON DBa 

l~ 
L/ 

o 0,,( O' 0 0: .' ,~ . ,. "',":" . 00 0 o -C). 0 0 0 a C 
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1/0 Cycle. 

( 

TAPE CONTROL DROPS 
SERVICE IN AFTER DE­
TECTING SERVICE OUT. 
READ SERVICE OUT 
LATCH IS RESET WHEN­
EVER THIS OCCURS. 

BINARY 
SUBTRACT > 
ACTIVATED 

CLOCK 4 1""""'"--....., 
SELECT MTDAR TO 

MODIFY DATA 
ADDRESS. ACTI­

VATE DBI7 TO 
DECREMENT BY 1 

HT350 
HT340 
HT240 

( 

CLOCK 3 

FROM: 
09E2 

A 2'""""'"--....., 
SET READ 

SERVICE OUT 
LATCH. SEND 

SERVICE OUT TO 
TAPE CONTROL 

HT250 

--------------. 

YES 

CLOCK 4 2~1 ______ ~ 
SELECT MTDAR TO 

MODIFY DATA 
ADDRESS. ACTI­

VATE DBI7 TO 
INCREMENT BY +1 

CLOCK 5 

HT350 
HT340 
HT240 

D2""""'"--_ 
RESET STORE 

DATA AND BLOCK 
SDR 

c\ ( (--

CLOCK 
SDBO 

CLOCK 5 
EPHASEC 

( 

FROM: 
09E4 

B4""""'"--....., 
SET WRITE 

SERVICE OUT 
LATCH. SEND 

SERVICE OUT TO 
TAPE CONTROL 

HT250 

CLOCK 5 1 ...--<:4---....., 
SET ABO 

REGISTER. GATE 
DATA BYTE TO 

ABO 

HT100 

NO 

(/ 

B5,""""'"--....., 
SET CONDITION A 
AND CONDITION B 

(PROCESSOR 
CHECK AND CHAN 

DBO) 

HT230 

AFTER ACCEPTING THE 

~------------- g~~~RgrT~RO~~ES~~~¥CE 

CLOCK 7 

RESET CYCLE 
STEAL 

ACKNOWLEDGE 

HT350 

E4,---....., 
THE I/O CYCLE 

IS RtPEATED 
------~.. UNTIL THE 

OPERATION IS 
COMPLETED 

IN. WRITE SERVICE 
OUT LATCH IS RESET 
WHENEVER THIS OCCURS. 

( ( ( 
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Sense I/O 

The Sense I/O (SNS) instruction requests sense 
data from the Attachment, the MTDAR, or the 
subsystem. During the I-Q Cycle, the Q Byte is 
decoded for the address and the unit being 
sensed. During the following EB-1 and EB-Not 1 
Cycles, the requested sense data is sent to the 
CPU. If the subsystem is sensed, an I/O Cycle is 
taken but no data is transferred. The I/O Cycle is 
taken to provide time for the subsystem to 
assemble the requested sense data. 

/""""', ,f",\ f""""" 
~jJ o '" ",-jJ o o 

Q BYTE 

~ 
ADDRESS I N FIELD .1 

011** I UNIT 

01234 567 

ADDRESS I N FIELD 

SUBSYS 011 ** 000 SUBSYSTEM 0/1 
001 SUBSYSTEM 2/~ 

TU 0 00 010 SUBSYSTEM 41 
TU 1 01 011 SUBSYSTEM 6,7 
TU 2 10 100 *MTDAR SENS 
TU 3 11 101 ATTHMNT SENSE 

110 HARDWARE SENSE 
111 INVALID 

*THE MTDAR (MAGNETIC TAPE DATA 
ADDRESS REGISTER) IS THE CPU LSR 
ASSIGNED TO THE SUBSYSTEM 

00 o o (,,)-. 
~' 0 ,0 

~~ 

" 

0 C) 

Append ix A 11 

I-OP CYCLE 
CLOCK 5 

CLOCK 

0 

A 3---.... 
SENSE I/O 

INSTRUCTION 

5 B3-------,1 

CPU PLACES 8 
BYTE ON DB 

1 
HT230 

E3,----_ 
OPERATION 

TERMINATES 

0 () 0 '\.._~ 

EPHASEC 

B5·---_ 
NEITHER 

YES CONDITION A NOR >-------. B ON. (TURNS ON 
(INVALID PROCESSOR CHECK 
COMMAND) AND INV Q) 

HT230 

EPHASEC 
D4 ....... ----t 

SET CONDITION B 
SET DEVICE 

ADDRESS LATCH 

HT230 HT330 

.. 

0 o 000 o o o C) 
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Sense 1/0 

( ( (-

FROM: 
11E4 

EPHASEC 
-B1-'---..., 

SET HARDWARE 
SENSE LATCH 

EB-1 CYCLE 1 
CLOCK 2 

1 

HT330 

EBNOT 
CLO 

GATE CONTROL 
DATA TO DBI. 

(SEE NOTE) 

1 CYCLE 
CK 2 
-D1 

ATTACHMENT 
SENDS A BLANK 

BYTE TO CPU 

1 CYCLE EBNOT 
CLOC K 8 

-E1 

RESET HARDWARE 
SENSE LATCH 

HT330 

NOTE: 

NO 

(- ( ( 

SENSE) 

EPHASEC 1 
B2-'-----, 

SET LSR SENSE 
LATCH 

HT340 

EB-1 CYCLE 1 
CLOCK 2 

..... -<::2-'-----, 
SENSE THE 
LO-ORDER 

PORTION OF THE 
MTDAR 

EBNOT1 CYCLE 1 
CLOCK 2 

-D2 

EBNOT 
CLO 

SENSE THE 
HI-ORDER 

PORTION OF THE 
MTDAR 

1 CYCLE 
CK 8 
-E2 

RESET CPU LSR 
SENSE LATCH 

HT340 

TAPE CONTROL FORCES EITHER THE HARDWARE 
DETECTED OR MICROPROGRAM DETECTED (NOT BOTH) 
HARDWARE ERROR BYTE ONTO THE ABI. IT IS GATED 
TO THE CPU AT THIS TIME. 

( 

YES (ATTACHMENT SENSE) 

SENSE) 

EPHASEC 
B3-'---..., 

SET ADAPTER 
SENSE LATCH 

EB-l CYCLE 1 
CLOCK 2 

3 

HT330 

EBNOT 
CLO 

GATE ATTACHMENT 
SENSE BYTE 1 TO 

CPU 

1 CYCLE 
CK 2 
-D3 

GATE ATTACHMENT 
SENSE BYTE 0 TO 

CPU 

EBNOT1 CYCLE 1 
CLOCK 8 

E3-'-----, 

RESET ADAPTER 
SENSE LATCH 

HT330 

(- ( 

A4---..., 
TAPE CONTROL 

CANNOT RESPOND. 
DO AN 

ATTACHMENT 
SENSE INSTEAD 

..... -<::4-'---..., 

SET CONTROLLER 
SENSE LATCH 

HT330 

D4...1.----, 
SET ADDRESS OUT 

LATCH. SEND 
ADDRESS OUT TO 

TAPE CONTROL 

HT340 

THIS IIO CYCLE PRO­
VIDES TIME FOR THE 
TAPE CONTROL TO 
ASSEMBLE THE SENSE 
BYTES. 

( 

YES 

FROM: 
11 E4 

SET ABO REG 
DS...I.----, 

SEND CYCLE 
STEAL REOUEST 7 

TO CPU 

HT350 

E5-'-----, 

l~ 
L/ 

( 



S.n •• I/O 

t 

~ /"'~ r} f 
0 v;.J" \ ,;',,' 
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NOTE 
A SUBSYSTEM SENSE FOR 
BYTES 0 AND 1 WILL 
RESET THE NOP BIT IN 
BYTE 0 

FORM: 
12E5 

B2!....I.---... 

RESET ADDRESS 
OUT LATCH 

1 
HT340 

..--c2: ______ 

TAPE CONTROL 
RESETS ADDRESS 

IN 

D2!....I.---... 
TAPE CONTROL 

PLACES THE 
SENSE BYTE ON 

ABI AND RAISES 
SERVICE IN 

EB-1 CYCLE 1 
CLOCK 2 

E2'....I.----

EB-1 CYCLE 
CLOCK 3 A 3.---...., 

SERVICE IN SETS 
READ SERVICE 

OUT LATCH 

HT250 

.---C3.---...., 
RESET READ 
SERVICE OUT 

LATCH 

E NOT1 CYCLE 1 
CLOCK 1 

D31----.. 
SET SEOUENCE 

ERROR IF 
SERVICE OUT IS 

STILL ON 

HT140 

EBNOT1 CYCLE 
CLOCK 2 

A5,----.. 
ATTACHMENT I GATES SENSE 
DATA TO DBI 

E NOTI CYCLE HTll0 

CLOCK 3 
B5,----.. 

SERVICE IN SETS 
READ SERVICE 

OUT LATCH 

HT250 

D5,----.. 
RESET READ 
SERVICE OUT 

LATCH 

EBNOT1 CYCLE 1 
.RESET ATTACHMENT 

GATES SENSE 
DATA TO DBI 

E3---...., 
TAPE CONTOL 
PLACES THE 

SENSE BYTE ON 
ABI AND RAISES 

SERVICE IN 

ICLOCK 8 E5~---~ 

----------------------------~ CONTROLLER SENSE LATCH 

HT110 

o 000 OOOOO(j o OOOOOOC) C) 00000 o ( 
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System/3 Attachment Diagrams 

The following charts graphically describe 
the internal operations of the System/3 
attachment for the 3410-3411 Tape Subsystem. 
Each operation is described at a basic level 
stressing the overall concept. 
If necessary, the reader can proceed 
from the concept-level charts to charts 
having more detail. Refer to the table of 
contents, the scheme of which is shown below. 

ADO 

A01 

Basic 

Expanded 

I 
I 

(- ( ( 

The operation is described as an 
overall concept, including CPU and 
subsystem reactions. 

The coverage is the same as the 
basic, but more detail is added. 

( "" 

, , 

t-------------, 
r--- i ---, r---l--_, 
I A02 'I A03 , 

, Detail I , Detail ' 

Each detail chart covers 
a significant part of the 
expanded chart. 

I I I I 
, I I I L _______ -I L _______ .J 

1. 
2. 

A-17 

(- ( 

• 

~---

Indicates a starting point. 

Leads the reader through the 
operation. 

Indicates an entry point 
from another chart. 

Indicates a continuing 
operation. Go on to the 
next sequence. 

Indicates a sequence or 
set of events. 

Indicates a reference to a 
more detailed chart (A-17 is the 
chart number, F is the entry 
point). 

Indicates data flow. 

Indicates a control line or 
logic level. 
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description. 
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A34 
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description. 

1 
A35 
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expanded 
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I 
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.. 
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A27 

SIO basic 
description. 

I 
A28 

Expanded 
concept. 

I 
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~---l---, : r---~---, : I A 18 I I A30 , I 
: Information : I I Setting of : I 
I on DBO during I I I I/O Conditions I I 
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I I 
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CPU puts Q 
byte on DBO. 

TIO 

Data Bus Out 
0-7 and P 

( ( 

1. The attachment determines, from 
the Q Byte, which of two conditions 
the CPU instruction is testing for. 
The conditions that are tested are 
Not Ready/Unit Check and Busy. 

2. If the tested condition is active, 
the attachment sets I/O CONDITION 
A, causing the CPU to branch. 

3. If the tested condition is inactive, 
the attachment sets I/O CONDITION B 
causing the CPU to proceed to the 
next sequential instruction (no branch). 

I/O Condition A (HT230) 

(To CPU) 

I/O Condition B (HT230) 

(To CPU) 

( (- ( 
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From A16 

CPU puts a 
Byte on DBO. 

See A18@JI 

Data Bus Out 
0-7 and P 

(HT300) 

See A19@----

DBO Parity Gated (HT320) 

(DBO 0-7 and P latches even) 

From A19 

See A20 

Unit Check (HT230) 

Not Ready (HT230) 

From A18 

1. The Test I/O Tag is set at 
clock 5 of the I-OP cycle. 

The attachment decodes the address 
and N Fields of the a Byte at Clock 5 of 
the I-a cycle. 

3. If the a byte parity is bad, DBO . 
PARITY GATED sets I/O CONDITION A 
and B, and the operation terminates 
with the PROCESSOR CHECK and CHANNEL 
DBO indicators on. 

4. If the command is invalid, I/O 
CONDITION A and B are not set and 
ERROR STOP is set with PROCESSOR 
CHECK and INV a indicators on. 

/ 5. A Unit Check, Not Ready, or Device 
_D_e_v_ic_e_B_u_s..:.,y.....;(_H_T_23_0....:.) _______ ... / Busy sets I/O CONDITION A. 

See A20 

./ 
~' ~ __ ./ 6. NOT Unit Check, Ready, and NOT Device 

Busy sets I/O CONDITION B. 

NOTES: 

t 

1. Unit Check is set by a Unit Check from a 
Tape Unit, a Not Ready, an I/O Check during 
I-a Cycle at Clock 5, or an Adapter Check 
(HT230). 

From A20 

CAUSE 

Invalid Command 

Condition not met. 

Condition met 

a Byte bad parity 

Error Stop 

(HT230) 

ToA18 ® 
I/O Condition A (To WT215) 

I/O Condition B (To WT2151 

AB 

00 

o 1 

1 ° 
1 1 

CPU Reaction 

Processor Check Stop with 
a BYTE INVALID Check. 

Proceeds to next sequential 
instruction. 

Branches to effective 
address. 

Processor Check Stop with 
CHANNEL DBO Che"ck on. 

I-OP ,.Q 

5678012345678 

Test I/O 

~~~~ I 
and N Field ____________ ............. .....-..1 .. 

Set I/O 
Conditions 

Error Stop 

~OOOOOOOOOOOOOOOOOOOOOOOOOOOO( 



( ( ( (~ ( f- ( (- (- (~ ( 

FromA17 

From A17 

NOT Error Stop 
-----------~-------, HT300 I 1 . r-

Data Bus Out ~~ 
0-7 and P A----/!-I 
(From CPU WT210) I 

1. TIO and I-Q Cycle - DBO contains the 
TIO Q Byte. __________ .. __ ... ~ To A17 ® 

From A22 (LlO) 

From A28 (SIO) 

From A35 (SNS) 

~1 
I 

LlO and I-Q Cycle - L10 Instruction 
Q Byte. 

I 
I 
I 

2. LlO and E-B 1 Cycle - main store contents 
of the effective address of the L10 

I Instruction. 

I 
I 
I 

3. LlO and E-B NOT 1 Cycle - main store contents 
of the effective address minus one of the 

I 
LlO Instruction .. ___________ .. ___ •• To A22 ® 

0f.l 
I 2. 
I 

~1 
I 

SIO and I-Q Cycle - SIO Instruction Q Byte. 

SIO and I-R Cycle - SIO Instruction I-R Byte. _. __ ... ~ To A28 ® 

SNS and I-Q Cycle - SNS Instruction Q Byte. __ --•• ~ To A35 ® 
L ______________________ J 

Append ix A 18 

(' ( (- « 



DBO Latches 
0, 1, 2, 3, and 4 

I-a Cycle and Clock 5 

DBO Latches 5, 6, and 7 

t 

! 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

, 

From A17 

-----------------, 
I DECODE ADDRESS (HT210) 

1. If DBO 0-2 is equal to 011, the attachment 
sets DEVICE ADDRESSED (Subsystem 
addressed). 

2. Decode DBO 3 & 4 for tape unit address. 

II DECODE N FIELD (HT230) 

1. DBO 5,6, and 7=000 allows a Not 
Ready/Unit Check to set I/O CONDITION 
A and B 10 (Branch Condition met). 

2. DBO 5,6, and 7=010 allows a Device 
Busy to set I/O CONDITION A and B=10 
(Branch Condition met). 

3. DBO 5 or 7 on - set INVALID COMMAND 

I 
I 
I 

00 I Device Address 0 

01 : Device Address 1 

101 Device Address 2 

11 : Device Address 3 

Invalid Command (HT320) 

, (HT340) . 

• -----------------... - •• ~ ToA17 ® orA20 0 
~-------------------~ 

I-OP 1-0 

5678012345678 

000 000000 (~), 
~' o 000 () 0, ,0 

",-'" 'J o 
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( ( ( ( (-

.-
I 
I Unit Check (HT220) 

Controller not Disabled ~I 

( (- ( 

From A17 

------------------, 
1. N Field 000= Set I/O CONDITION 

A with Unit Check or Not Ready. 

HT230 

and Not Ready (HT130) I 
------=-~----:..----... ~~I 2. Set I/O CONDITION B if neither Unit 

~ 
Check or Not Ready are active. ______ _ 

From A17 B I 

Device Busy AND Ready (HT220) 1. N Field 010.=5et I/O CONDITION A 
~I with Device Busy and Ready. 

I 
I 2. Set I/O CONDITION B if device is not I 

~ 
Busy and is Ready. I 

FromA17 D I , I 

DBO Parity Gated (HT230) ... : . 

From A 17 C I B if the Q Byte has even parity on DBO. i 
I 

I/O Condition A (WT215) 

I/O Condition B (WT215) 

• To A17 @ ~ 
1. Set I/O CONDITION A and I/O CONDITION , 

I Error Stop (HT230) 
I 1. Set Error Stop if I/O CONDITION A and ... ---.;;;,;..;..;;;.;...;:;.;.;;.:;;..:.;.,;...;,.=,;;..;;.:.----I~~ 
I B are both off and a reset is not in I 
I progress. - ___ 111111'_ ... ~ To A17@ 
I I L ____________ ~ ______ ~ 

(-

~------------- -------------------- - --- --------- - -- --- ----- - - - ------- --- ---- --------
---- --- ------------ --------------------------

( 
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LIO 

CPU puts Q Byte 1. 
on DBa, followed 

Data Bus Out 
by two bytes of 

0-7 and P 
data if operation 
is load byte count. 2. 

I 
See A18 

3. 
", 

-'" 
See A22 Gre-- -

The attachment determines, from the Q Byte, 
the destination of two bytes of data sent 
from CPU main storage during the LlO instruction. 

If the destination is the Magnetic Tape Data 
Address Register (MTDAR) in CPU LSR, LSR select 
lines are activated to CPU. No data is received 
by the attachment; two bytes are stored in 
MTDAR. 

If the destination is the Byte Count Register 
in the tape control, a Load Controller line 
is activated and two bytes of data are transferred 
through the attachment to the tape subsystem. 

~--- ----_. .. ------

LSR Select (HT340) 

Attachment Bus Out 
0-7 and P (HT100) 

(To subsystem WB001) 

Load Controller* I 
(HT340) 

*The Load Controller line is used only by the attachment, I 
it does not go to CPU. 

.'t 

o 000000 00 C) () 000000000 o ""1 ..' ,,' ,) O 0 0 O· 
, : " 'I., '" ~ 



(" 

~--~~~-~-~ ~ ------------~ 

( ( (- ( ( 

From A21 

1._------.... See A23@ 
CPU puts a 
Byte on DBO 
at clock 5 
1-0 Cycle 

2. \ r------.... 
CPU puts first \ 

3. 

data byte on 
DBO at Clock 
5 of EB 1 Cycle 

,..------......, 
\ 
\ 

CPU puts second \ 
data byte on 
DBO at Clock 5 \ \ 

\ 
\ 

\ 

of EB NOT 1 Cycle l 

"t , / 
See A18@ ; 

See A24@ 

,/ 

'" 

". 

" 
/ ---

JI,'" 
See A25@ 

From A18 

1. The load I/O tag is set 
\ at Clock 5 of the I-OP Cycle. 

\ 
2. The attachment decodes the address 

and N fields of the a Byte at Clock 5 
of the 1-0 cycle. 

3. If the a Byte parity is bad, 
I DBO PARITY GATED sets I/O 

CONDITION A and B and the 
I operation terminates with the 

I PROCESSOR CHECK and CHANNEL 
DBO indicators on. 

4. The N field is 000. 

5. The N field is 100. 

6. The CPU LSR (MTDAR) is to be 
accessed. LSR SELECT TO CPU 
is set. 

7. During both EB 1 and EB NOT 1 
cycles the data is stored in 
the CPU LSR. No data is received 
by the attachment. No DBO 
parity test is made. 

(~ ( ( 

From A23 

CAUSE AB CPU REACTION 

1-0 - Processor Check Stop 
Invalid Command 00 & a Byte Invalid 

EB - Normal operation. 
Subsystem not busy o 1 Proceed to next instruction 

Subsystem busy 1 0 Retry ,the L10 instruction 
Processor Check Stop and 

DBO Parity Error 1 1 Channel DBO Check 

See A26 1. Byte count is to be transferred 

0, to the subsystem. If the 
subsystem is not busy, the 
attachment sets LOAD CONTROLLER. 

( ( r- (" ( 

I-OP 1-0 EB-1 EB NOT 1 

5678012345678012345678012345678 

Load I/O Tag --1 
a Byte on DBO 

____________ ~rl~ ________________________ __ 

Service In ____________ -' LII __ 
Service Out _____________ ~ ....... __ n .... __ 

Decode Address and N n 
--------------~----------------------------(HT210 - HT230) 

Load Controller (HT340) 

If the subsystem is busy, the attachment ~ ______ r-. 
sets CONDITION A. CPU retries Set ABO Reg 

; 
See A24 

® 
the LlO instruction. 

3. At Clock 5 of the EB 1 cycle, 
the first byte is placed on DBO 
and gated to the subsystem. 

_ DBO parity is tested. 
". 

see@A24;4.AtCloCk50ftheEBNOT1cYcie 
o the second byte is placed on DBO 

" and gated to the subsystem. DBO 
..... . parity is tested. 

LSR Select 

(To CPU) 

(To Subsystem) 

First byte on DBO 

Second byte on DBO 

Test parity of DBO 

Test parity of ABO 

Appendix A 22 

(HT100) 

( 
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DBO Latches 
0,1,2,3, imd 4 

1-0 Cycle AND Clock 5 ~: 
I 
I 
I 
I 
I 

DBO Latches I 
5,6, and 7 

From A22 

--------------, 
I DECODE ADDRESS (HT210) 

I 
I 
I 
I 

5 

I-OP 1-0 

6 7 8 0 2 3 4 5 1. If DBa 0-2 = 011, the attachment sets 
DEVICE ADDRESSED (Subsystem 
addressed). 

2. The attachment decodes DBa 3 and 4 
for tape unit address. 

00 ,Device Address 0 _ .... 

01 'Device Address 1 _ 1 I I - Device Addressed Latch 
10 I Device Address 2 ~ J>---------;..;..;....;;;;.;...;.;...;..-----' , 

II DECODE N FIELD (HT230) 

1. DBa 5, 6, and 7 = 000 - Data from CPU is 
byte count. The attachment sets LOAD 
CONTROLLER to send data to subsystem. 

2. DBa 5, 6, and 7 = 100 - Data from CPU is 
Data Address. The attachment sets LSR 
SELECT 5 and 7 to store data in CPU LSR. 

11 ,Device Address 3 

I 
I 
I 
I 
I 
I 
I 
I 
I 

--

• ......................... I .. ~. ToA22 ~ 
3. DBa 6 or 7 on - Set INVALID 

COMMAND (HT340) . 

I Invalid Command (HT320) 

I 
• ' ____________ .:_ ..... To A24@ L ________________ ~ 

r~ (~ 
/ ~y o 000 00000 

EB-1 EB NOT 1 

6 7 8 o 2 3 4 5 6 7 8 o 2 3 4 5 6 7 8 

o o 00 o 00 0; 0." 0::· Olf ,'" " I'~ , ( 
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From A22 

lOP I-Q 

DBO Parity Gated r 
(HT230) 1 
----------t~~ 1. The attachment sets I/O CONDITION A and B if 

- - - - - - - --, 
5 6 7 8 0 23456780 

ro~USY) B I Tested at Clock 5 of the I-Q cycle. 
F A22 A26~1 if the Q byte has even parity on DBO. 

..._ ... _~ To A22 ® _-+-___ +--___ --JI 
Set Adapter Latches 
(HT320) .J 

11. The attachment sets I/O CONDITION A if the 
I subsystem is busy. LlO cannot be accepted so 

From A23~1 CPU must r~try. Set I/O CONDITION B if 
subsystem IS not busy. 

Invalid Command 
(HT340) 

~., 1. Neither I/O CONDITION is set when the 
From A22, A26 0 I command is invalid. 

(PARITY) 

11. The Attachment sets I/O CONDITION A and B if 
I either data byte has even parity on DBO. 
I Tested at Clock 5 of EB 1 and EB.NOT 
I 1 cycles. 

__ ..... To A22 ® 

___ '.ToA22 ® 

___ .~ToA22 © 
L-- ________________ J 

( ( ( ( ( ( ( 

EB-l EB Not 1 

23456780 2345678 
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/ '" /<1-.,.., ;/ iJ 

~ ---------

From A22 

----------HT3401 
I 

The N field is 100 

1. The two bytes of data from CPU main storage are to 
be stored in CPU LSR Magnetic Tape Data Address 
Register (MTDAR). The attachment sets the LSR 
SELECT LATCH. 

2. The attachment sets LSR SE LECT 5 and LSR 
SELECT 7 at Clock 2 of the EB 1 cycle, causing 
CPU to store the first byte of data in the low half 
of the MTDAR. CPU blocks SAMPLE DBO so no 
parity test is made. 

3. The attachment sets LSR SELECT 5 and LSR 
SELECT 7 at Clock 2 of the EB NOT 1 cycle, 
causing CPU to store the second byte of data in 
the high half of the MTDAR. CPU blocks 
SAMPLE DBO so no parity test is made. 

I 
I 
I 
I 
I I LSR Select 5 (HT340) 

I (To CPU WT215) 

I I LSR Select 7 (HT340) 

I (To CPU (WT215) 

I 
I 
I 
I 
I 

-} 
~ 

,. ______________ ... : __ ... ~ End of Operation L ________________ ~ 

Selects 
MTDAR 

C1C)OOOO OOOOOOOOOOOOOOOOOOOOO( 
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From A22 

------------~------, 

The N field is 000 

1. The two bytes of data from CPU main storage are to be 
transferred to the subsystem LSR to be used as byte count. 
The attachment sends ADDRESS OUT to the subsystem and 
sets the LOAD CONTROLLER LATCH in the attachment at 
Clock 5 of the IQ cycle (HT340). 

(- ( 

2. The subsystem is Busy. ________ .. _ •• ~ To A24@ 

.".. -1-
./ I 

.,: I 
seeA2~@ I 

" 1 
" I 

3. The supsystem is not Busy . 

• 4. ADDRESS IN from the subsystem resets ADDRESS OUT. 
The subsystem sets SERVICE IN (HT340). 

5. The CPU puts the first byte on DBa at Clock 5 of the EB 1 
cycle. The attachment sets SERVICE OUT (HT250) and 
gates the byte into the ABO Register (HT100). Parity is 

_ tested on DBa . 

6. The subsystem accepts the byte and resets SERVICE IN 
causing the attachment to reset SERVICE OUT. 

...... ...... I 
I­
I 

7. When the subsystem sets SERVICE IN again, the CPU puts 
the second byte on DBa at Clock 5 of the EB NOT 1 cycle. 
The byte is gated to the subsystem. Parity is tested on DBa. 

I 
I 
I 

8. The subsystem resets SERVICE IN, causing the attachment 
to reset SERVICE OUT, ending the operation. 

L __________________ __ .-I 

(- (-- c 
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CPU puts Q 
Byte on DBO 

See A28 

00 

SIO 

~ Data Bus Out 1. The attachment determines. from 
0-7 AND P the Q Byte. what I/O operation .. the subsystem is to initiate . 

,) 
2. Control and Diagnostic commands 

require additional control 

" information. contained in the R ..." 

~- - Byte from CPU. 

3. The attachment accepts the 510 
by setting I/O CONDITION Band 
not I/O CONDITION A to CPU. 

4. The attachment sends the command 
and R Byte (Control or Diagnostic) 
to the subsystem to initiate the 
operation. 

000 o ~ I .... ) 
",,-y o C) o 

I/O Condition A (HT230) -
I/O Condition B (HT230) -
Command Out (HT360) 

.. 
Attachment 
Bus Out .. 

o o o o 00 0 o o 0000 
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f 
·;~·,',.~':.i.·_£ .... '7~'.";'~·~"'"· 

(- ( (-

From A27 

CPU puts a l. byte on DBO 

I 

(, (- ( 

" ,'--------
I --.. ~/ .... 

/ CPU puts R 
byte on DBO 

f 

/ J ___ .... 
I I 

.;' 

See A29 0"-" 
SeeA1( @ 

From A29 c 

See A30 ®~ .-

{ (: ( (- f 

B From A18 

1. The CPU sets the SIO Instruction 
tag at Clock 5 of the I-OP Cycle. 

( ( 

2. The attachment decodes the Address and N fields 
of the a byte at Clock 5 of the I-a 
cycle. 

3. If the a Byte parity is bad, DBO 
PARITY GATED sets I/O CONDITION A 
and B and the operation terminates 
with the PROCESSOR CHECK and CHANNEL 
DBO indicators on. 

4. The subsystem is busy or requires an 
operator intervention. 

NO YES 

<-- (~ 

...... ' 
SeeA30@"" - , • _ Set I/O CONDITION A and/or 

See A31 

/' 

..... I/O ATIENTION (HT230) 

I (CPU retries the SIO instruction 
and the I/O Attention light comes on.) 

15. Set I/O CONDITION B (accept SIO). 
,,/ 

...... 
®~ - __ .. "' ....... 6. 

~, ;:e A30 

The attachment receives the R byte on 
DBO at Clock 5 of the I-R cycle. If 

\' ~t--
" 

R byte parity is bad, DBO PARITY GATED 
sets I/O CONDITION A and B (operation 
terminates). 

\ ..... ""'- __ 7. The attachment sets COMMAND OUT and puts 
the R byte on Attachment Bus Out to subsystem. , 

" .......... _ 8. The attachment sets I/O WORKING TO CPU 
if the subsystem is made busy. 

( ( ( ( f ( (-/ (- ( ( ( ( ( 

I-OP 1-0 I/O Cycle I-R 

5678012345678012345678012345678 
SIO OP 

I/O Condition A ( ______ -1-_----' ___ ... 1 

I/O Condition B ~ 
(HT230) 

I/O Attention 

to CPU (HT230) 

... 
Attachment Bu 
Out 0-7 and P 
(HT100) ... 

Command Out 

(HT360) 

I/O Working to 

CPU (HT360) • 

I 

Set ABO Reg. 

Address Out r 1 

_A_d_d_re_s_s_ln ____ ~----~--------~----------Ifh~------~ 

I 

Command In -
----------+---+---------+---------~-----..II 

1 

___________ ~ ___ "~ _____ ~ _____ "_ " ___________ ~" ___________________ ~_lIIiIlfiliill 

f ( 
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r~ ;'fe"\., 0, ,/ 7""', 
',I 

'J "i.J J "'-_/ ,/ y 

r 

0 (~ (-~ 0 J \y 

DBO Latches 
0,1,2,3, and 4 

I-Q Cycle AND 

Clock 5 

DBO Latches 
5,6, and 7 

0 0 0 

--- .-.~---.--

From A28 

r - - - - - - - - - - - - .- - - - -" 
I I I DECODE ADDRESS (HT210) 

I 
I 1. SIO 

If DBO 0-2=011, set DEVICE ADDRESSED 
(subsystem addressed). 

2. Decode DBO 3 and 4 for tape unit 
address. 

II 'DECODE N FIELD (HT230) 

1. N Field: 

000 - Control Command 

.. _ 001 - Read Command. Set RD OP 

010 - Write Command 

.. _ 011 - Read Backward. Set RD OP 
and RD BKWD (HT360). 

1 xx - Diagnostic Commands 

2. The subsystem needs control information 
contailled in the R byte to finish 
decoding these commands. See Appendix 
A, page 7 for R Byte chart. 

I 
I 
I 

00 I 
01 I 

I 
10 I 

11 

L_~ _______________ ~ 

0 0 0 0 rr~ 
U 0 () 0 0 

Device Address 0 .. 
Device Address 1 .. 
Device Address 2 .. 
Device Address 3 ... 

ToA28 ® 

C) ",-' 0 C) r~ 
~y 
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From A28 

PARITY 

r­
I 

DBO Parity Gated I ... 
From A28 I 

------------------, 
HT230 

( 

BUSY /INTERVENTION ~ 
1. The attachment sets I/O CONDITION A and 

B if the Q byte has even parity on DBO. 
Tested at Clock 5 of the I-Q cycle. _______ ... __ •• ~ 

I 
I 
I 

From A28 I 

~ I 
I 
I 
I 

1. Subsystem busy - attachment sets I/O 
CONDITION A at Clock 5 of the I-Q cycle. ____ .. __ ... ~ 

2. Subsystem not ready - attachment sets 
I/O ATTENTION TO CPU and I/O CONDITION 
A at Clock 5 of I-Q cycle. __________ .. ___ .... 

1. The attachment sets I/O CONDITION A and 
B if the R byte has even parity on DBO. 
Tested at Clock 5 of the I-R cycle. __________ ..... 

L ____________________ ~ 

( ( (- ( (-: (' 

The operation is terminated with 
PROCESSOR CHECK and CHANNEL DBO 
indicators on. 

SIO is rejected, causing the CPU 
to retry the SIO instruction. 

SIO is rejected, causing the CPU 
to retry the SIO instruction or 
call for an intervention. 

The operation is terminated with 
PROCESSOR CHECK and CHANNEL DBO 
indicators on. 

Append ix A 30 

( ( 



,c~ 0 r]) ( r"", r~ , 

",y V \.~ "'- ;/ "-f / 

" • 
r~ 
\"f 0 0 

DBO Latches 
0-7 and P 

I-R Cycle and Clo.ck 5 

0 0 0 

-I 
I 
I 
I 
I 
I 
I 
I 

From A28 

----------------, 
1. The CPU puts the R Byte on DBO at 

Clock 5 of the I-R cycle. 

2. The attachment gates the R byte to 
the ABO Register (HT100) (because 
this is an I-R cycle) and sets 
COMMAND OUT to the subsystem (HT360). 

3. The attachment sets I/O WORKING TO 
CPU to indicate the subsystem is 
busy (HT360). 

I 
I 
I 
I 
I 

! ABO Register > 
~-_0_-7~an-d~P---------------

I Command Out (To subsystem) ., 
1 
1 I/O Working to CPU ... 

I 
I 

I 
I • ______________ .......... ~ The subsystem executes the command. L __________________ ~ 

NOTES: 

1. During a read or write operation 
the subsystem ignores the R byte. 

• 

0 0 0 () ~. 0 (j 0 0 IJ '~ / () I , .. ~, ~' 0 0 C) 0 
• 

0 0 0 ,. 0 0 .' 
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I/O CYCLES 

See A33 .... -

." -

(- ( 

1. An 510 instruction initiates the need for 
I/O Cycles to move data to or from CPU 
main storage (a read or write command). 

2. The attachment requests a cycle steal. 

3. The CPU grants the request, temporarily 
suspending its normal processing. 

4. The data is moved to or from CPU, as 
required. 

( ( ( ' .. 

j 
( ( ( 



~~--~~-----~~, I Attachment Bus In ~ 

~0-~7~a~n~d~P __________ -v~ 
(From subsystem) .... 

Service In 

(From subsystem) 

CPU sends cycle- 1--.... 

steal assignment 
code. ~ 

DBO~ 
and~ 

f­
CPU sends a byte 
of data during 
a write I/O cycle. 

.A 

Data Bus In 
0-7 and P 

""I 
(To CPU) 

The attachment sets 
BINARY SUBTRACT (HT350) 
to CPU to decrement the 
MTDAR. 

~'O J ~',\ 
,/ 

r~ I""'~, 
,;/ 'v 

1 . 

2. 

3. 

4. 

1. A SIO Instruction was executed with a 
read or write command code in the 
N field of the Q byte. 

2. A SERVICE IN from the subsystem initiates 
a cycle steal request (HT350) to the CPU. 

3. The CPU sends the cycle steal assignment 
code (CS Acknowledge HT350) on DBa. 

NO YES 

• 

4. The operation is: 

Read 

, ~ 
The attachment gates ABI (one byte 
of data from tape) to OBI. 

The attachment sets SERVICE OUT to accept 

Read Backward 

YES NO , , 
Decrement Increment 
MTDAR MTDAR 

The cycle is completed, and is 
repeated if necessary. 

Write 

, , 
1 . 

2. 

3. 

4. 

SIO 
I/R I/O Cycle I/O Cycle I/O Cycle 

01234 5678 012345678012345678012345678 

Service In 

Cycle Steal Request 1-
~-----------4 __ ----------------------~11 I~-+ ________ ~~ ________ ~ ________ ~ 

(To CPU) -

Write 

Read 

The attachment signals 
the CPU to increment 
the MTDAR. 

The attachment tests DBa 
parity. 

The attachment gates DBa 
to ABO and sets SERVICE 
OUT to the subsystem. 

Cycle Steal Acknowledge Latch 

I Data Bus Out 

DBO Parity 

Set ABO Register 

I 

CS Acknowledge ~ 

,.,~'-........ 

l 

,- Write Data 

Service Out ______________________________ ~-----+----~I I~------------_+----------~ 

Gate ABI to DBI 

I Store Data and Block SDR 

II/Iodify LSR (MTDAR Increment) (DBI Bit 7) 

Service Out 

Binary Subtract I 

Re.d B"kwoed { _M_O_d_i_fY __ L_SR ____ ..f-___ ..... _--' 

Attachment Bus Out 
0-7 and P 
(T 0 subsystem) ... 

Service Out 

(To Subsystem) 
.. 

I 

I 

L 

The cycle is completed, and is 
repeated if necessary. 

() 0 C) 000 000000 00000000 o 00000 ( 
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SENSE I/O 

SeeA35@ ..... -- -

(- ( (~: ( ( 

1. The attachment determines, from the Q 
byte, the source of two bytes of sense 
information to be stored in CPU main 
storage. The Sense bytes can come from 
the subsystem, the MTDAR, the attachment, 
or hardware. 

2. The attachment sends the two bytes to 
CPU. The CPU stores them in two main 
storage locations designated by the 
Sense instruction. 

Append ix A 34 

( ( 



I From A37 From A18 

I-OP 1-0 I/O Cycle EB-l EB NOT 1 A B 5678 012345678 012345678 o 1 234 567 8 01 2 3 4 5 6 7 8 

Joo. , Ir CPU puts a DBOO-~ 
Byte on DBO andP ./ 

1. The Sense I/O tag is set at Clock ATO 1 Sense (HT310) ..... 
5 of the I-OP Cycle. --"' -T (To subsystem WT030) o Byte ; DBO 

See A18 @ 
/2. The attachment decodes address and N fields 

--'" / of the a byte at Clock 5 of the I-a cycle. Set ABO Reg 

" The a byte is gated to the subsystem on ABO 0-7 and P 
," Attachment Bus Out. 

" ..... 

" 
See A36 &'''' DBO Parity 

,3. If the Q byte parity is bad, DBO PARITY 

/ GATED sets I/O CONDITION A and B and the 
/ operation terminates with the PROCESSOR Set I/O Conditions 

", 
i' CHECK and CHANNEL DBO indicators on. 

" -, 

" See A37 A-
,.. 

SeeA38~ ",4. SUBSYSTEM SENSE - -- I""'" 
See A39 @ 

YES NO 

I I 
./ 

", 

"" ""., 

® ,.. 
See A40 

5. An I/O cycle is 6. MTDAR SENSE ~ See A41 @ 
taken to allow YES NO / I subsystem to 

I I 
/ / assemble sense bytes. / 

Send two bytes ", / 
of subsystem ", / 
sense data to CPU. 7. Send LSR Select 8. ATTACHMENT SENSE / 

to CPU. YES NO , 
'HARDWARE SENSE 

9. Attachment sends two 10. Attachment sends one byte 
bytes of attachment of sense data to CPU 
sense data to CPU. followed by one 

zero byte. 

~ 

,<'~"h 

J 
/'--'\ ('~ ('~ () 0 0 0 0 0 r) 0 0 C) 0 0 0 0 0 C) CJ 0 0 0 Q 0 0 0 0 l 

~ ) ~--., ;' \...,)/ \.jJ ~.- \. 'I . , y 
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DBO Latches 
0,1,2,3, and 4 

(- ( ( ( 

r-----------~-------

I DECODE ADDRESS (HT210) 

1. If DBO 0-2=011, the attachment sets 

( ( 

-----, 
1 
I 
I 

( ( 

1-0 Cycle and Clock 5 I 
--I 

DEVICE ADDRESSED (subsystem addressed). 

2. The Attachment decodes DBO 3 and 4 for tape unit address. 

I Device Address 0 
OO~I------------~·~ 

Device Address 1 
01~1~~~~~~~~~ 

10~I~D~e~v~ic~e~A~d~dr~e~s~s~2~ .. ~ 

DBO Latches 
5,6, and 7 

I 
11~I~D~e~v~ic~e~A~d~dr~e~s~s~3~ .. _ 

II DECODE N FIELD (HT330 - HT340) 

I 
I 
I 
I 1. N field=OOO - 011. The Attachment sends 

two subsystem sense bytes to CPU. - - - -1-.... See A38 

2. N field:100. The Attachment sends 
MTDAR LSR select lines to CPU.- - - -i -.... See A39 

3. N field=101. The Attachment sends 
two attachment sense bytes to CPU. - - - -

4. N field::11 O. The Attachment sends 

I 
1---
I 

a Hardware sense byte to CPU.- - - - - - - - - - - -,--.. 

I I L ______________________ ~ 

See A40 

See A41 

® 
@ 

® 

( ( ( ( 
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From A35 

r­
I 
I 

DBO Parity Gated 
--4 (HT230) 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Invalid Command I 
-------1·~1 

(HT340) 

I 
L_ 

0 0 () C) 

--~------ --------.., 

1. Set I/O Condition A and I/O Condition 8 if the 
a byte has even parity on 080. Tested at 
Clock 5 of I-a Cycle. 

2. a byte parity is good. Command is a valid Sense 
command. The attachment sets I/O Condition B 
and executes the Sense command. 

3. Q byte parity is good. Command is invalid 
(bits 5,6, and 7 on). The attachment does not 
set I/O Condition A or 8 and turns on 
PROCESSOR CHECK and INV a errors. 

---.-----------

0 0 0 <~ I' (y , ' '\ "" 0 0 
\..,j C)) , ,. 

\' 

I 
I 
I 
I 

I/O Condition A 

(HT230) 

I/O Condition B 

(HT230) 

0 C) 0 ("\ 0 0 0 0 ,0 0 C) ~j ~j ''''"- . 
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Attachment Bus In 
0-7 and P 

Service In 

( ( ( ( ( ( ( f 

From A35 

r-- ------------------. 

--I 
I 

I 

1. The N field has bit 5 off indicating a 
subsystem sense. The attachment sets the 
CONTROLLER SENSE LATCH (HT330). 

2. The attachment initiates a CYCLE STEAL 
REQUEST 7 (HT350) causing a dummy I/O cycle 
(channel is idle). The subsystem decodes 
the N field of the Q byte to determine 
which two sense bytes are requested (see 
Sense I/O, System/3 Flowchart) and assembles 
the bytes. 

3. SERVICE IN (HT230-HT260) from the subsystem 
indicates the first byte is on ABI. The 
attachment gates ABI to OBI (GATE CONT DATA 
TO OBI - HT110) at Clock 2 of the EB 1 cycle. 

4. The attachment sets SERVICE OUT to the subsystem 
at Clock 3 of the EB 1 cycle, requesting the 
second sense byte. 

5. SERVICE IN (HT230 - HT260) from the subsystem 
I indicates the second hyte is on ABI. The 

I 
I Controller Sense Latch 

r 
I 
I 
! Cycle Steal Request 7 
r 

I 
I 

I % I Data Bus Out 
0-7 and P 

I 
I 
I 

Gate Cant Data 

r to OBI 

I 
I Service Out 

r 

I attachment gates ABI to OBI at Clock 2 of the I 
EB NOT 1 cycle. 

L _________ ~~ __________ ~ 

( ( ( ( 

I-OP 1-0 I/O Cycle EB-l EB NOT -I 

5678 o 1 234 5 6 7 8 o 1 234 5 6 7 8 o 1 234 5 6 7 8 o 1 234 5 6 7 8 

I L 

--.. 

Gate ABI to DBI 

Service In 

Append ix A 38 
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DBa 5,6, and 7 
(N field) 

1'- ;-~ 

\., / ',-- ../ 

From A35 

- - - - - - - - - - - - - - , 
1. The N field equals 100 indicating an LSR sense 

(MTDAR). The attachment sets the SENSE LSR 
LATCH (HT340 - HT360). 

2. The attachment sets LSR SELECT 5 and 7 (HT340) 
at Clock 2 of the EB 1 cycle to select the low 
order half of the MTDAR. The data from the 
MTDAR is stored in the main store location 
selected by the instruction. 

3. The attachment sets LSR SELECT 5 and 7 (HT340) 
at Clock 2 af the EB NOT 1 cycle to store the I 

I high order half of the MTDAR in main storage. I 

I I 
L ________________ J 

.. 
r,,\ 
~j 

0: 
'\...J 0 0 () (J 0 

~j 
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lOP - IQ - I/O Cycle EB 1 - EB NOT 1 

5678 012345678 012345678 012345678 012345678 

LS R Sense Latch I LI-

LSR Select 5 
~ 

I 

( , , .. LSR Select 7 

0 o o 00 ( 
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From A35 

r ---, 

I 

I 
ABI 0-7 and P ~ 

vi 

I 

L 

NOTES: 

1. The N field equals 101 indicating an 
attachment sense. The attachment sets the 
ADAPTER SENSE LATCH (HT330) at Clock 5 of 
the I-Q cycle. 

2. The attachment puts sense byte 0 on OBI at 
Clock 2 of the EB 1 cycle (GATE SENSE BYTE 0 -
HT110). 

3. The attachment puts sense byte 1 on OBI at 
Clock 2 af the EB NOT 1 cycle (GATE SENSE 
BYTE 1 - HT110). 

I 

I 

I 
I 

I 

Sense Byte 0 Sense Byte 1 DBO Bits 

Address out of Sequence 0 

ABI Parity Service Out of Sequence 1 

ABO Parity Command out of Sequence 2 

Controller Disabled Address In Error 3 

Two Tags Error Service In Error 4 

I/O Working Gated Command In Error 5 

Sequence Error Status In Error 6 

(Not used) (Not used) 7 

( c' ( f ( ( ( ( ( 

I-OP I-a I/O Cycle EB-1 EB.NOT 1 

5678 012345678 012345678 012345678 012345678 

Adapter Sense Latch I I 

"" Byte 0 Byte 1 

OBI 0·7 and P 

~ 
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Attachment Bus In 
0-7 and P 

() ~'/ 

From A35 

------------------, 

1. The N field equals 110 indicating a Hardware 
sense. The attachment sets the HARDWARE SENSE 
LATCH at Clock 5 of the 1-0 cycle (HT330). 

2. The attachment sets GATE CaNT DATA TO OBI 
(HT110) at Clock 2 of the EB 1 cycle. 
Whatever is on ABI is gated to CPU as a 
sense byte (HT140). 

3. GATE CONT DATA is inactive during the EB NOT 
1 'cycle causing a byte of zeros to be sent 
to CPU. 

I 
I 
I 

I 
I 
I 

L_~ __________________ ~ 

NOTE: 

Hardware Sense Lateh 

Data Bus In 

0-7"dP > 

A Hardware Sense operation stores the state of the Attachment 
Bus In at the time of the error. 

0, 
\"'-..}) o o 000 000 o o 

l-OP IQ I/O C I ye e EB 1 - EB N OT 1 

5678 012345678 012345678 012345678 012345678 

I I 

P Bit Only 

n n 

0": 
j) o o o () ·Or; \ 00000 ( 
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System/360/370 Attachment 

The System/360/370 magnetic tape attachment for all 
models, except the 370-125, is located in the 3411. The 
purpose of the attachment is to adapt the subsystem 
interface to the CPU channel interface. The attachment 
interprets the signals between the system and subsystem. 
The attachment also handles data during read, write, 
and sense operations, and holds tape unit status until 
it is needed by the CPU. 

Instructions Causing Data Flow 

There are three I/O instructions which cause data flow 
between the system and subsystem, through the 
attachment. 

Start I/O (SIO): A Start I/O Instruction initiates burst 
commands, non-motion control commands, or motion 
control commands in the subsystem. Burst commands 
transfer information across the channel/tape control 
interface. Channel end and device end are signaled 
when the burst operation is completed. Non-motion 
control commands do not move tape and do not 
transfer information across the channel/tape control 
interface. Channel end and device end are signaled 
when non-motion control commands are accepted. 
Motion control commands move tape but do not 
transfer information across the channel/tape control 
interface. Status varies for different motion control 
commands. 

Test I/O (TIO): This instruction causes the tape control 
to send the selected tape unit's status byte to the 
channel for analysis. If the selected tape unit is 
available, the status byte is all zeros. If status is 
pending or stacked for a device other than the one 
being addressed, the subsystem responds with a control 
unit busy sequence. If no status is stacked, and if the 
addressed device is not ready, Unit Check is set in the 
unit status byte. If the addressed tape unit is rewinding, 
BUSY is set in the status byte. 

Halt I/O (HIO): This instruction stops data transfer 
(interface disconnect). The tape control disconnects 
from the channel and completes the operation in 
progress. When the operation is completed, the tape 
control tries to reestablish connection with the channel 
to transfer ending status. If an i"nterface disconnect 
becomes effective before initial selection is complete, no 
operation is performed. If addressed after a Halt I/O is 
issued and the tape control is completing an operation, 
the tape control appears busy. If a Halt I/O is executed 
before transfer of the first data byte during a write 
operation, the operation is canceled, and channel end, 
device end, unit check, and word count zero are set. 

(' ( 

Inputs to Attachment from System 

Bus Out: The bus out lines are used to transmit 
addresses, commands, control orders, and data to the 
control units. The outbound tag lines indicate the type 
of information transmitted over bus out. 

Attachment Tags Out: The attachment converts the 
System 360/370 interface signals and puts them on 
Attachment Tags Out Bus for use by the tape control. 

Operational Out: OPERATIONAL OUT is a line from the 
channel to all attached control units and is used for 
interlocking purposes. Except for SUPPRESS OUT, all 
lines from the channel are significant only when 
OPERATIONAL OUT is active. 

Address Out: ADDRESS OUT is a tag line from the 
channel to all attached control units. It provides two 
functions: 

1. I/O Device Selection: ADDRESS OUT signals all 
the control units to decode the I/O device 
address on BUS OUT. 

2. Disconnect operation: If HOLD OUT is down 
and ADDRESS OUT rises, or ADDRESS OUT is 
active and HOLD OUT drops, the presently 
connected control unit must drop its 
OPERATIONAL IN, thus disconnecting from the 
interface. ADDRESS OUT remains active until 
OPERATIONAL IN drops. 

Select Out/Hold Out and Select In: SELECT OUT, 
SELECT IN, and HOLD OUT control selection of the tape 
control. SELECT OUT and SELECT IN form a loop from 
the channel through each control unit to the cable 
terminator block (SELECT OUT). again through each 
control unit back to the channel (SELECT IN). 

Command Out: COMMAND OUT is a tag line from the 
channel to all attached control units and is used to 
signal the selected I/O device in response to ADDRESS 
IN, STATUS IN or SERVICE IN. COMMAND OUT as a 
response to ADDRESS IN during the initial-selection 
sequence indicates to the selected I/O device that the 
channel has placed a command byte on BUS OUT. 
COMMAND OUT in response to STATUS IN means stack. 
COMMAND OUT in response to SERVICE IN always 
means stop. COMMAND ,OUT must stay up until the fall 
of the associated ADDRESS IN, STATUS IN, or SERVICE 
IN. 

( ( (- C' ( 

Service Out: SERVICE OUT is a tag line from the 
channel to all attached control units and signals the 
selected I/O device in recognition of a signal on 
SERVICE IN or STATUS IN. 

Suppress Out: SUPPRESS OUT is a line from the 
channel to all attached control units and is used both 
alone and in conjunction with the out-tag lines to 
provide the following special functions: suppress data, 
suppress status, command chaining, and selective reset. 

Clock Out: CLOCK OUT is a line from the channel to all 
attached control units and provides the CPU ir)terlock 
control necessary for changing the enable/ disable states 
of the units (signal must be down to permit changing 
states). 

Metering Out: METERING OUT is a line from the 
channel to all attached control units and conditions all 
other meters in .assignable units and I/O units. 

Outputs from Attachment to System/360/370 

The three I/O commands cause data flow from the 
subsystem, through the attachment to the system. The 
data read by the tape unit and the sense bytes are 
transmitted through the Data Bus In Register to the Bus 
In (DBI P,0-7). 

Bus In: BUS IN is used to transmit addresses, status, 
sense information, and data to the channel. A control 
unit can place and maintain information on BUS IN only 
when its OPERATIONAL IN is active. 

The type of information transmitted over BUS IN is 
indicated by the inbound tag lines. 

Request In: REQUEST IN is a line from all attached I/O 
control units to the channel and indicates that the 
control unit is ready to present status information or 
data and is therefore requesting a selection sequence. 

, 

Operational In: OPERATIONAL IN is a line from all 
attached control units to the channel, and signals the 
channel that an I/O device has been selected. It must 
stay up for the duration of the selection. The selected 
I/O device IS identified by the address byte transmitted 
over BUS IN. 

Address In: ADDRESS IN is a tag line from all attached 
control units to the channel and signals the channel 
when the address of the currently selected I/O device 
has been placed on BUS IN. The channel responds to 
ADDRESS IN by COMMAND OUT. 

Appendix A 42 
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Status In: STATUS IN is a tag line from all attached 
control units to the channel and signals the channel 
when the selected control unit has placed status 
information on BUS IN. 

Service In: SERVICE IN is a tag line from all attached 
control units to the channel and signals to the channel 
when the selected I/O device wants to transmit or 
receive a byte of information. 

Metering In: METERING IN is a line from all attached 
control units and conditions the CPU meter for 
operation. 

ATTACHMENT TAG IN (AT!) and ATTACHMENT TAG OUT 
(ATO) are 3411 line names which are converted to 
System/360/370 line names and functions by the 
360/370 attachment. 

In Tags 3411 

ATIO 
ATI1 
ATI2 
ATI3 
ATI4 
ATI5 
ATI6 
ATI7 

Out Tags 3411 

ATOO 
AT01 
AT02 
AT03 
AT04 
AT05 
AT06 
AT07 

360/370 Chan 

Meter In 
Address In 
C U Busy 
Operational In 
Service In 

'Status In 
Disconnect In 
Request In 

360/370 

Interrupt Select 
Halt I/O Reset 
Suppress Out 
Chain or Command on HIO 
Adapter Selected 
Command Out 
Ctrl Addressed or Service Out 
Select Reset or P Corn pare 

( 



I 

I 
I 

360/370 I Channel 

I 
A 

I' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 
I 

I 

,"--~ /'~ ,r- '''", ;' 

",j "'-.,Y ~jV 
, 

" 

Bus Out or ABO, P, 0-7 

v 

Interface Bus In 

Line 
Receivers 

HCOQ2 

System/360/370 Attachment 
Attachment 

Bus Out Bits p, 0-7 Bus Out Data Bus In 

~::::::::::::::::::::::::~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~Driwrs 
XFR into LSR 

HC005 

• OE Address Bits 0-4 

Address Address Bits 0-4 
Jumpers ..... ------------"'" 

HC001 "---.. 
HC001 

A 
1~::::::::::::::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::::::::~::::::::~c~o~nt~ro~I~le:r~D~a~ta~B~it:s~5:,~6:, 7~::::::::=f--~--, Attachment r: N .A Bus in Bits 

Operational in Gated Pow " A 
Controller Data r;::: .... __ .a 

.. Bits 0-4 II r-~~_r~,~~~-~G~e~ne~r~a~te:d~P~B~it~_.~~:_~.,VL-
L ________ I_n_tf_B_u_s_in_P_C_h_a_n ___________ -I OR A 1 _ -Op in Gated Parity ~ I=-

I.,. Tree 
OR A 

, Attachment Tag 3 

8 From Page 44 

-Device Addressed ... 
CU Busy 

-CU Busy ,. .. ..1 A FL 

L-
-

- Select Out 

(Rst) HC003 + C U Busy 

+Intf Status in Chan OR I--
A /I AT15 

HDOO1 lA Op in Gated Pow 
HDOOl 

Address in 
A I--X 

Attachment Tag in 4 r-* (5) I Disconnect in 
HDOOl r-1 Operational in Gated 

Intt Adr in Chan 

Intf Service in Chan 

Intf Disc in Chan 

Intf Oper in Chan 

Intf Meter in Chan HD005 Meter In 

H0002 
~ +CU Busy - +Adr In 

Data in Bits 0-4 

H0005 ~~~~~::::::::::::ll_.l_A_tKC" .. ~::::A:d:d:~:S:S:B:it:S:0:-4:::::::::A:dr::PI:u:9g:i:ng::::~ 

R Page44 

"I +Command Out 

-jOE 
:::.......... 

A -Attachment Bus in P 

A -Attachment Tag in 4 ~ OR 

"" 
~ 

r A 

HC004 

oPre_ra_t_io_n_a_' ,inrL_at_c,hett.~L _____ ~G1.15 From Page ,44 

A L., Op In FL 

~ 

I/t +Not Select Out 
HC003 (Rst) 

A 

,.....1::::0 

-P Compare 

HC004 

+P Compare 

Page r.:1 +Error 
46 ~ Retry 

-Selectiw Rst, 
P Compare 
or Idle Retry 

The control unit should never see iI P compare. 
It it does, it sets a P Compare Error in 
sense byte 5 bit 4. 

I 3411 
Tape Control 

" )I 
"I 

I 
I 
I 
I 
~ Attachment Bus In 

I 
from B Bus 

~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
I 
I 
I 

j o o o 000 C) o o o C) o (), 
"- " 000 o o 
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360/370 
Channel 

Page 45 

cy, 
I +Bypass Sel Out " 

+RST or Disconnect 
"'-

I .. Request In Pow 
" r +OP In Pow ,.... 

I r 
I 

I Address Out or A T06 

I Service Out or Meter Out 

I CMD Out or AT07 

I Meter Out or ATI1 
I 

I Operational Out 

I 

I 

I L 
L Hold Out or Control Disabled 

r 

I L 
l Select to Line Rec 

r 

I Suppress Out or Sys Ast 

I +Tie Up 

I 
I 

A 

HC004 

A 

HCOO6 

A 

HCOO6 

A 

HCOO6 

A 

( (- ( ( " 

/ 

Page 45 Page 45 

-Controller Data 0.1'-. 18 

~ A OR +Request In Gated 

..... 

" 
f-- -SelOut ....... 

A ....... -Request In Gated 
-Attachment Bus In 0 " 

~ 
-Controller Adr 

" 
...... 

F 
16 

Page 46 Page 45 

~ 

+Adr Out N 
-Adr Out 

B 

~ To"" 45 

L....-

~ 

N ~ -Service Out ..... 

"'---
+Service Out 

Status In Pow ....... 

~ ToP,.< .. 

+Cmd Out 
A 

-Meter Out ..... 

+Op Out -Status In " On Line ..... FL 
-Attachment Bus In 5" 

--- ....... 

" E HCOO3 (Ast) 

...... -Hold Out 

~TO""45 
... 

B 
Op In Latched 

" 
" 

\V " 
+Select Out ..... 

-Service In ..... 
t-... -Select Out 

~P~45 ~ -S"PP"''' 0", 

" 
r--

N " +Suppress Out 

~ 

( ( { ( (- ( ( « 

" A 

..... Device Addressed I HCOO3 OA 

\b Initial Sel 

I A 

3411 
Tape Control 

HCOO3 ~ To Pages 43 ~nd 46 

I Attachment 
Selected 

-Initial Sel ..... ~ 

I +CU Busy ..... A FL 

+Operational In Latched ..... Attachment Selected 

20 +Reset or Disc ..... I -r::: To Page 46 
-Operation In Latched 

(Ast) 
HCOO3 E 

I A Chain 

........ ..... 
FL -Chain or Command on HIO Rst 

/,0 +System or Select Rst 

A ..... 

I ~ -Status In ..... 
OA A 

+AdrOut and Op In and Not Sel Out -Halt I/O Rst ...... I-- I r-- HCOO3 
-Command Out .... 

A 
t--,. -Aun Meter I 

+Suppress Out .. 1 
A 

....... - I +Select Out ...... 
HCOO3 

A OA +Cmd Out I 
Halt I/O 1 .... r--

A OR A FL .~ 
I -op In Latched .... 

~ 
Page 43 

~ 
A -op In Powered -HIO Ast I " HCOO3 

Sel Ast I 
....... .... ~ 

FL A A 

I ~ --
+75-125 nsec 

" I H~~ 
To Page 43 2 

"'-- OR 

A 
+ Aeset or Disc 

~ I +S_~ HCOO3 
21 

Page 46 Page 43 
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360/370 I 
Channel 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

1"'" I ,I. 1 

'",-,p 

From Page 43 

~ 
Plugged Address OE'ed with Chan Address In 

-BO 5 

-BO 6 

-800-7 

./~~, 

;/ 
I 

Address Bits 0-4 

A 

Bus Out 
Parity 
Cheek 

HC001 

/"'''' 
,-_JV 

-BOP 

(-~ C) , jJ 'c. 

A 

HC001 

FL 

Page 46 

-Adr Out 

OE 

0 ',I 0 0 0 

From Page 44 

3 

-5elOut 

(not) - Hold Out 

(Rst) 
Page 44 

-Req in Gated 

+Controller Adr 

-Controller Adr 

From Page 44 
Page 44 

0 0 0 

FL 

HCOO8 

OR 

0 0 

FL 

HC008 

+Sel frOm Drive 

+SeIOut 

() / 
( 

\. 

To Page 44 and 46 

A 
+Select from Dr 

+Degate Interface 
----------------~~ HC001 

-Adapter Selected 
OR 

-Adapter Selected 

OR 

Dot 

OR 

Dot 

C) ~ .; 

-AT04 

+Outgoing Sel Out 

0 

K1 NOR Closed 

Rly 

K1 NOR Open 

Rly 

r) ~- ; 0 

Dot 

HA002 

+Operational Out 

+Hold Out or Controller 
Disabled 

+Sel to Line Ree 

0 r" 0 ,,---y \cy 

A 

A 

HC006 

• 
0 ,,---y 0 

-Select Out 

Page 44 

0 0 

I . 
3411 

ITape Control 

I 
I 
I 
I 
I 
I 
I 

0 0 3 ( 
\. 
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I 
I 
I 
I 

3.60/370 I 
Channel 

Page 44 

Cf ..... 

Q 
..... 

+OA* 
OR 

-Pulsed or Pwr on Reset 
'" FL 
...... 

A 
...... 

HC007 HCOO7 

POR Latch 

-Power On Reset ...... FL 

+ 75 - 125 nsec Powered , ....... 
HCOO7 

Any Error 

FL ~ 

I 
I 
I 
I 
I 
I 
I 
I 

+Hardware Error -Not General Rst ...... 
A 

---
+75-125 nsec ....... 

HCOO7 

I 
I 
I 
I On Line 

+Clock Out 

1 ___ +_D_i~ __ b_le __ -_En_a_b_le ______ ~.-~ ____ ~~ FL 

I +System Rst 

I 06* 
----I 

*Microprogram 

Instruction 

HCOO7 

-Op In Latched .... 
+Error Retry 

+Pwr on Rst 
A 

-On Line 

Pa9!\! 45 

( ( 

Gen Rst 

OR 

HCOO7 

~ 
Page 43 

K1 

From Page 45 

( ( ( (-. ( 

I 3411 
Tape Control 

I 
I 

OR 
+Attachment System Rst Chan I 

HCOO7 I 
I 
I Disc In 

" FL 
A -Disconnect In r-... ...... A I - -Opln ...... f--

+System or Selective Rst 

I HCOO7 

L I 
A 

+Intf Disc In Cha~ 
Gnd to Degate Intf I 

I 
Pa e 44 g 

From Page 44 +Service Out 

OR +CTRL Addressed or Service Out 

A 
HC008 

+Service In 

+Status In 
HC008 

From Page' 44 
-Adapter Tag Out 0 FL 

CU Busy -ATI2 

-Device Addressed 

-Request In 

+Bypass Select Out -I nterrupt Select 

-Select Out 

(ATI5) Status In 

+System Rst 

+Request In 

-Adapter Tag Out 0 
HC005 

------_. ____ c. _______ • ___ ., _____ • __ ,., 
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System/3 Models 8, 12, and 15 Attachment 

Note: See Appendix A 1 through A41 for 
Systeml3 Model ta 

All information located in Appendix pages A47 
through A92, applies to System/3 Models 8, 12, 
and 15 unless noted otherwise. The magnetic 
tape attachment cards (four MST cards) are 
located in the CPU. The attachment card loca­
tion for each model is as follows: 

Model 8 - board location 01 A-A2 
Models 12 and 15 - channel bank 2, 
board location 01 B-B2 

The purpose of the attachment is to adapt the 
subsystem interface to the CPU channel 
interface. The attachment interprets the signals 
between the system and subsystem. The 
attachment also handles data during read, 
write, and sense operations, and holds tape 
unit status until it is needed by the CPU. 

The magnetic tape attachment for the System/3 
Model 10 requires three cards. The magnetic tape 
attachment for System/3 Models 8, 12, and 15 
requires four cards. The fourth card contains the 
Op-End Interrupt circuitry. This circuitry is used 
primarily in the Model 15 because the CPU will 
accept the request for interrupt. The Op-End 
Interrupt circuitry also functions in the attachment 
for Models 8 and 12, but the respective CPUs will 
not accept the request for interrupt. However, it 
is possible to program all three models to test the 
Op-End Interrupt condition. 

I Data Flow (System/3 Models 8, 12, and 15 
Attachment) _ 

,1'-) 
"'--' 

Instructions Causing Data Flow 

There are four I/O instructions which cause 
data flow between the system and subsystem, 
through the attachment. 

Sense I/O: A Sense instruction causes two 
bytes of sense information to be sent to the 
system. Bits 5-7 of the "a" byte select the 
sense bytes. 

Load I/O (LlO): A Load I/O instruction places 
two bytes of infQrmation in the Magnetic Tape 
Data Address Register (MTDAR) in CPU, or the 
Byte Count Register in the subsystem. Only 

0 A 
J .~ () 0 ~, 0 

" \.,---/ ."'-.J 
(l-, 
',--, 0 

~y 

that information going to the Byte Count 
Register passes through the attachment. Bits 5-7 
of the "0" byte select the desgination of the 
information. 

The Load I/O instruction also enables, disables or 
resets interrupts. In the 5415 an additional LlO 
is used for Interrupt Control. On the 5408 and 
5412 this interrupt handling capability is not 
normally used because the tape attachment 
cannot cause an interrupt in either CPU. 

Test I/O (TIO): A Test I/O instruction tests the 
busy or not ready/unit check stiltus of the tape 
unit. The attachment holds the tape unit status 
in the Device Status Register, and the subsystem 
is not addressed. Bits 5-7 of the "0" byte select 
the status condition to be tested. An additional 
TIO can be used to test for Op-End Interrupt 
pending; however, it is not normally used for 
the 5408 and 5412. In the 5415 an additional 
TIO is used to test Interrupt Pending. 

Start I/O (SIO): A Start I/O instruction 
initiates a read,· write, or motion control 
operation in the subsystem. Bits 5-7 of the 
"a" byte select the type of operation. When 
the "a" byte contains a control or diagnostic 
command, the "R" byte selects which 
command the subsystem is to execute. 

Inputs to Attachment from System 

Instruction Tag Out: There are four 
instruction tag lines to indicate the presence of 
an instruction in the CPU Operations Register. 

510 Instr indicates a Start I/O instruction. 

LlO Instr indicates a Load I/O instruction. 

TIO Instr indicates a Test I/O instruction. 

SNs Instr indicates a Sense I/O instruction. 

Cycle Tag Lines: There are four cycle tag 
lines which indicate which Cycle the CPU is 
executing during an I/O instruction: 10 Cycle, 
IR Cycle, EB 1 Cycle, and EB Not 1 Cycle. 

Attachment Tags Out: The attachment 
converts system/3 interface signals and puts 
them on Attachment Tags Out Bus for use by 
tape control. 

0 .~ (~ ;"" .... "" 
I ',I 

"-- f ~..Y \~ C) r) 
~ 0 
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Bus Out: The Bus Out (DBO P, 0-7) transmits 
data from CPU to the attachment. The data is 
identified by the Instruction Tag and Cycle Tag 
lines. Device Address Decode receives the 
address field of the "O"oyte from DBO to 
determine which tape unit to select. 
Attachment Bus Out transfers data from DBO 
to the tape control. 

Data on DBO: 

DBO contains a "a" byte when an 
Instruction tag and the 10 Cycle tag are up. 

DBO contains an "R" byte when 510 Instr 
and IR Cycle tags are up. 

DBO contains the contents of the Main 
Store I.ocation addressed by LlO when LlO 
Instr and EB Cycle are up. 

DBO contains the contents of the Main 
Store location addressed by LlO, minus 1, 
when LlO Instr and EBNot 1 Cycle are up. 

In each case the information is available at 
Clock 6 time. 

Clock 0-8: CPU clock pulses provided for 
attachment timing. 

Sample OBO (SOBO): A clock pulse which 
samples the data on DBO. 

Early Phase C (EPHASEC): A clock pulse 
providing a delayed sampling of DBO. 

I/O Cycle 

Read or Write data is transmitted between 
CPU and the subsystem during I/O cycles. 
When the attachment requires an I/O 
cycle, it activates cycle steal request to 
CPU. When an I/O cycle is granted to an 
attachment, DBO contains information at 
Clock 5 of the I/O cycle during a write 
operation. 

I Outputs from Attachment to System/3 Models 8, 
12, and 15 

0 

Sense I/O and Start I/O cause data flow from 
the subsystem to the system, through the 
attachment. The sense bytes and data read by 
the tape unit are transmitted through the Data 
Bus In Register (OBI P, 0-7). 

.0 0 r--~ 0 r-~ r~ 
'0 0 ~y "y 

"--- _.-----_._-----------

I 
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Interrupt Requests: When the Interrupt Poll 
line is up, all interrupt requests are placed on 
the OBI. 

Attachment Tags In: The attachment 
converts the tape control' Tags In signals for 
use by the CPU. The CPU uses these signals 
to keep track of the tape control working 
status. 

Control In: Control In lines control the data 
flow of the CPU during an I/O cycle. They are: 
Store Data, Block sDR, Binary Subtract, and 
Inhibit LsR Load. 

Status In: Status In lines indicate to CPU the 
status of the tape unit. They are I/O Condition 
A, and I/O Condition B and are used in 
combination. These lines are generated from 
the Device Status Register which keeps track 
of the tape unit status (ready or busy) and DBO 
parity check circuits. Any error condition 
detected by the attachment or the tape control 
sets the I/O Conditions. 

Select Bus In: Select Bus In consists of five 
lines -- LsR Select 3,4, 5, 6, and 7. The 
attachment uses 5 and 7 to select the MTDAR. 

Op-End Interrupts: For the model 15 the op-
end interrupt is a means to tell the system when 
an operation is complete. It relieves the program 
from continually using TIOs to test a device 
busy status. When an operation is complete the 
attachment will send a request for interrupt to 
the CPU. In the tape attachment an interrupt 
is requested at the completion of every SIO 
except the diagnostic commands. The attachment 
request interrupts for five different reasons. A 
subsystem interrupt will occur for every SIO 
except the diagnostic SIOs. A tape unit 
interrupt will occur whenever a TU has com­
pleted a SIO rewind or Data Security Erase. 
The interrupt function only operates when it 
has been enabled by a LlO interrupt control. 
If interrupts are not enabled, then no interrupt 
requests occor at the completion of SIOs. For 
additional information on LlO, see page 
Appendix A53. 

The Op-End Interrupt Circuitry also functions 
in the attachment for both Models 8 and 12. 
However, the CPUs will not accept the request 
for interrupt. 

f"~ 0 0) 
V '" "-J oooc 
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Service In and 
Line ---------------------, Not Service Out 

3411 Tape Control Drivers I 
Attachment I Line 

I A 
Cycle Steal· Requests to CPU I 

Tags In I Receivers ATI2 I/O Working Store Data and Block SDR I 
I Binary Subtract I 
I ABI Parity Latch I/O Check 

I 
1 (To CPU) I 

From LSR 
ABO Parity Latch Select LSR to CPU 

SYSTEM/3 

Out of Sequence OR I/O Attention 

j I Address In Two Tags I/O Working to CPU 
XFR In Tag 

I 
I Service In SIO and IR Cycle 

HN004 I WT040 I ATI2 I/O Working WT215 _____________________ J 
Command In 

A 
Not Clock 5 FL f--

Status In 

HT360 

I/O Meter from Control Unit 

Device 

Not I/a Cycle Status 

and Clock 5 Register 

Attachment Dev Not Ready 

Bus Out p, 0-7 
Status In 

A A I/O Condition A 
BI 0 TU 0 and 1 Status Dev Adr 0-3 

DBO Parity (Bad) Gated to CPU 
A - OR 

B12-7 Dev Busy - : Attachment 
TU 2 and 3 Status .X-X (Gate) Cond 

Diagnostic 
L--

Dev Adr 0-3 A OR A 
Set Adapter Latches I Command N and I/O Condition B A Dev Unit Check - I Not BI 0 Reset Condition A and B B to CPU 

Dev Adr 0-3 A I 
HT230 I 

HT220 HT230 I 
HT230 I 

I/O Check from Tape Control I 
I/O Check from Attachment I 

I 
---------------------, I 
3411 Tape Control I BI P,0-7 I 

Attachment Data 
Bus In I Bus In j. 

Attachment Sense Byte 0 Bus 
OBI P, 0-7 I 

I ABI Gate Control Data to OBI In 

S i I Parity j~ Attachment Sense Byte 1 
Reg 

I PC 
Latch 

1 
Gate Sense Byte 0 I 

.From LSR BI P,0-7 
j~ HT140 I HT130 Gate Sense Byte 1 HT140 

j~ I I 
XFR ABI I I 

I I 
HN004 I HT120 

---------------------~ 
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LtO Op-End 
Dev Addr - Command Out -FL FL FL 
LtO S I/O Working A S S 
Set Adapter Latches 

A -
~ R DBO 5 Latch -

DBO 6 Latch - N R - R 

-' - HT430 - ~ 

EB Not 1 Rst Sub Sys Op-End 
R N A 

HT330 - r---

L--- ~nable 
EBl Cycle 

A N ...... 
FL Device 0 Busy Any Op-End Clock 5 EPhaseC S FL OR 

I 
A Enable Op - S 

I~ DBO OR HT430 
3 - End Intrpt r---

- R r--4 - R Device 0 A .~ 
N 1 Addressed R Dev 0 Op-End ~ HT430 

HT410 '--- N .~ -3 A -A i0- N 
4 -

N -
LtO Rst to Op-End Device 1 Busy 

FL - -- S 4 
A 

3 - Reset Op-End R 
Device 1 OR A 0-Addressed R 

'-- - fo '--
4 HT410 

~ Dev 1 Op-End A A 
3 - Reset TU Op-End 

N 
N 

HT430 ""--- Device 2 Busy 
FL 

S 

R 
Device 2 A 
Addressed 4~ R 

-HT410 - A 
Dev 2 Op-End 

N 
~ -

Device 3 Busy 
FL ,Interrupt Poll S 

~AnYOP-End 
A I--

~ R FL 
Device 3 cit '",b~ Oo-'od 'ole ... pI 

A S A 
Addressed 

...... 
R -- HT410 '--

~ Dev 3 Op-End 
Reset Op-End A 

2 R ""- N ""'""-
OR . ""--

Bus In 5 HT440 
DBI5 

o () C) r~ r-~ l,.r~"" 0 ",.-"" t'~ (~~ ,~ r"-, 0 0 r=~ () r""" r~ r"" ,0 0 ' , 
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Test 1/0 

Test I/O checks for the Busy or Not Ready/Unit Check 
status of the addressed tape unit. The test conditions 
are contained in the N-Field of the Q Byte. If the 
condition is met the CPU program branches to the 
address specified by the Test I/O instruction. If the 
condition is not met, the CPU program proceeds to the 

I next instruction. For the Model 15 an additional TIO 
is used for Interrupt Pending. It can also be used for 
Models 8 and 12, but normally is not. 

( (- (- (-- (-' (- ( (- ( 

01'-'---"" 
SET CONDITION A 
AND CONDITION B 

(TURNS ON 
PROCESSOR CHECK 

& CHAN DBO) 

HT230 

(- ( (-- ( 

---- --- ----- -----

( (0 c---

I-OPCLK5 
A 3---_ 

TEST I/O 
INSTRUCTION 

(~ 

; ~:~ ~~~~~~ ............... ·1· ........ . 
I -QCLK5 B3.":"--_ 

CPU PUTS 8 BYTE 
ON DB 

02---_ 
INVALID COMMAND 

(TURNS ON 

NO 

NO 
PROCESSOR CHECK .-------< 

AND INV Q) 

HT360 

(CONDITION A AND 
CONDITION B NOT 
SET ) 

EPHASEC 
E3:'-'---.. 

SET CONDITION A 
OR CONDITION B 

HT230 
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Q BYTE 

ADDRESS 

011·· 

01234 

ADDRESS 

SUBSYS 011·· 

TU 0 00 
TU 1 01 
TU 2 10 
TU 3 11 

04-----. 

TEST CONDITION 
MET (CONDITION 

B NOT ON) 

CPU BRANCHES TO 
EFFECTIVE 

ADDRESS 

N-FIELD 

TEST CONDITION 

567 

N-FIELD 

000 NOT READYfUNIT CHECK 
001 OP-END IN ERRUPT PENDING 
010 BUSY 

ANY OTHER N-FIELD BIT 
CONFIGURATION RAISES 
INVALID COMMAND 

NO 

05-----. 
TEST CONDITION 

NOT MET 
(CONDITION B IS 

ON) 

CPU PROCEEDS TO 
NEXT SEOUENTIAL 

INSTROCTION 

( 
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Load I/O 

The Load I/O (LlO) instruction stores two bytes of data 
in the Magnetic Tape Data Address Register (MTDAR) 
or in the tape control LSR. The bytes stored in the 
MTDAR contain the main storage address where data is 
to be stored or fetched. The bytes stored in the tape 
control LSR contain the byte count for a subsequent 
data operation. For the Model 15 an additional LlO 
is used for interrupt control. It can also be used for 
Models 8 and 12, but normally is not since neither CPU 
will accept the interrupt. 

I-OPCLK5 

RAISE LIO TAG 

I-QCLK5 

DECODE Q BYTE 

I(~~~ 
SET CONDITION A 
AND CONDITION B 

YES 

NEITHER 
CONDITIN A NOR 
B ON. TURNS ot<I 
PROCES CHECk 

AND INV Q) 

~TURNS ON 1----4.~1 
PR, ~~RD~F ..... _____ , 

HT230 

(\ (-'t\ 0 .0 r"lI (~ 
0' '''--,f ;; ~J '0 

0, 
~ 

SUBSYSTEM IS 
BUSY. CPU WILL 

RETRY 
INSTRUCTION 

f~ r~ ~y I~ 
;"", 
'0 

I-QCLK5 
SET LOAD LSR 

LATCH. (uP 
UNTIL CLOCK 8 

OF EBNOT1 
CYCLE) 

HT340 

EB-1CLK2 
SELECT MTDAR 

~i~~&tE~ 
AND 7 TO CPU 

WT215 

EBNOT1CLIC 
SELECT MTDAR 

Hi~~&tE~ 
AND 7 TO CPU 

WT215 

END OF 
OPERATION. GO 

TO I -OP OF NEXT 
CPU INSTRUCTION 

10 (~) 
f"'" 

0 "",J 

EB1CL5C 
F6-I--....., 

r~ 
0 

ENABLE OP-END 
INTERRUPTS 

HT430 

n ",--y 
r) ~-' 

-~~-.. ----- -.----~-

B7' ..... ----. 

SET I/O 
CONDITION B 

HT230 

7' ..... --., 

SET LIO OP-END 
LATCH 

HT330 

EB1CL5C 
07---..... 

SAMPLE DBO 

EB1CL5C 
F7---..... 

r) ~. •. 

RESET SUBSYSTEM 
INTERRUPT 

HT430 

It: .. 

7 ..... --... 
EB2 HAS NO 
FUNCTION· IN 

THIS LIO 

H7'''''''----. END OF 
INSTRUCTION. GO 
TO I-OP OF NEXT 

INSTRUCTION. 

10 
V r' ~-' 0 

,-~~~----- --~--~---------~--~ - ---~~-~-------~---~ 

EB1CLSC 
FS....I--....., 

DISABLE 
INTERRUPTS 

! HT430 

YES 

(' n 0 ",--y ] 

~ ~- ~--------- ---------------
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Q BYTE 

ADDRESS 
011·· 
01234 

ADDRESS 

SUBSYS 011 •• 
TU 0 00 
TU 1 01 
TU 2 10 
TU 3 11 

N FIELD 
REGISTER 
567 

N FIELD 

000 LOAD BYTE COUNT 
IN TAPE CONTROL 

100 LOAD MAGNETIC TAPE 
DATA ADDRESS REG­
ISTER IN CPU 

11 0 INTERRUPT CONTROL 
ANY OTHER COMBINATION 
RAISES INVALID COMMAND 

EB1CL5C 
F'g...I~-....., 

n, 
~J! 

RESET ADDRESSED 
TU INTERRUPT 

HT410 

0 0 ., () 0 0 () 0 C 
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Start I/O (SIO) 

Start I/O initiates a tape operation. During the I-Q 
Cycle, the Q Byte is decoded for the tape unit 
address and command. If the command is the 
Control or Diagnos~ic type, a n A Byte is received 
during the I-R Cycle. The A Byte contains the 
specific Control or Diagnostic command. For a 
Aead or Write command the R Byte is not used. 
However the I-A Cycle is still executed. 

( 

Q BYTE 

~ 
ADDRESS I N-FIELD .\ 

611" I COMMAND 

01234 567 

ADDRESS I N-FIELD 

SUBSYS 011·· COMMAND 

TU 0 00 000 CONTROL 
TU 1 01 001 READ FORWARD 
TU 2 10 010 WRITE 
TU 3 1 1 011 READ BACKWARD 

100 WRITE DIAGNOSTIC 
101 READ DIAGNOSTIC 
110 WRITE DIAGNOSTIC 
1 1 1 READ DIAGNOSTIC 

NOTE 1 

CONDITION A IS ON WHEN: 

flj I/O WORKING IS ACTIVE~ OR 
2 DEVICE HAS GONE NOT R~ADY, OR 
3 THE DEVICE IS BUSY. 

( ( 

~SUBSYSTEMj SUBSYSTEM 
ATTHMNTj 
ATTHMNT 

(~' ('- ('-

I-OPCLK5 
A 3,---_ 

START I/O 
INSTRUCTION 

~l&gCLE 1 
B3 . ....:..--_ 

CPU PUTS 8 
ON DB 

BYTE 

r--C3 . ....:..-.--1 
DECODE 0 BYTE 

FOR DEVICE 
ADDRESS 

HT210 

- --------------

(~' (': C' (-' 

B4 1 
SET CONDITION A 
AND CONDITION B 

(PROCESSOR 
CHECK AND CHAN 

DBO) 

( 

YES 

SEE NOTE 1 1---. 

E4~~--_ 
START I/O IS 
REJECTEO. CPU 

WILL RETRY 
INSTRUCTION 
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(' (~ ( ", 
i 

EPHASEC 
A 5,-----. 

ACTIVATE SET 
ADAPTER LATCHES 

HT320 

B5-----... 
SET DEVICE 

ADDRESS LATCH & 
SET CONDITION A 
OR CONDITION B 

HT230 
HT260 

05-----.., 
SET ADDRESS OUT 
LATCH AND RESET 
ALL SENSE BITS 
EXCEPT NOP BIT 

HT340 
HT330 

SEND ADDRESS 
OUT TO TAPE 

CONTROL 

LrsT.\. 
L/ 

(~ C (-" 
./ 

(-
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Start I/O (S,O) 

c--'" !""'~ r~ () r~ 0 ,) J "'. y "- "y 
r-, 
\....Y 

FROM: 
56E5 

Bl ... --.... 

SET READ OP 
LATCH 

HT240 

SET READ 
BACKWARD LATCH ~ 

HT360 

NO 

YES 

~\ ('--"! 0 "'-J \.--.Y 
(~ 
~~y 

WRITE WRITE 
DIAGNO~TI~ .. _.QB 
CONTROL C~D 

E2:~-.... ...., 
RESBTADDRESS ~. 

--- ~ ~~--~~~---- -~~~ -~--~~-.~--- --~---~-~--~~ .. ------~~-~ 

I-R CYCLE 
CLOCK 5 

CPU PUTS R BYTE 
ON DBO 

NOTE: 
IF TH1S IS A READ OR 
WRITE OPERATION THE 
R BYTE IS IGNORED BY 
THE TAPE CONTROL. 

YES SET COMMAND OUT 
~----~~I LATCH 

D3 ... - :-_-., 
SET CONDITION A 
AND CONDITION B 

(PROCESSOR 
CHECK AND CHAN 

DBO) 

1- ~360 

SEND COMMAND 
OUT AND R BYTE 
TO TAPE CONTROL 

GATE I/O 
WORKING TO CPU. 

OUT LATCH --...,. .... 
.E3~.--..... 
OPERATION 

TERMINATES TAPE CONTROL 
EXECUTES 

COMMAND 
HT360 

("'-~ 0 r-~ 0 ~) 0 0 0 (1) () '''-J! '''J ~y \~ J \...Y "'-~ _. 'i 

. -------- -- ---

0 

c---~---~---~--~ ---------~~ -~-~~ -----~------- --~~--~~~-~~ --~~---

NOTE: THIS DOES NOT 
CAUSE AN INTERRUPT 
.REQUEST UNTIL I/O 
WORKING FALLS. 
NORMALLY ONLY 
ENABLED ON MODEL 15 . 

..... --C5i-----. 

(-~ 
~. 

SET OP-END 
LATCH IF 

INTERRUPTS 
. ENABLED 

RESiT COMMAND 
OUT LATCH .. 

ATTACHMENT· ENDS 
OPERATION . 

,0 (~ 
",--y \J 

-------------- --- - -------

C) 
--

C) 
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R ~.BY'l'E 

HEX I 
~ CODE I CONTROL COMMAND I 

C3 MODE SET ~9-TRACKPE) 

89 MODE SET 9-TRACK NRZI) 
REWIND (REW) 

OF REWIND UNLOAD (RUN) 
17 ERASE GAP (ERG) 
lF WRITE TAPE MARK ~WTMJ 
27 BACKSPACE BLOCK BSB 
,~.~ BACKSPACE FILE (BSF) 

FORWARD SPACE BLOCK (FSB) 
3F FORWARD SPACE FILE (FSF) 
97 DATA SECURITY ERASE (DSE) 

IDIAGNOSTIC COMMAND I 
WHEN N-FIELD IS 100 

01 DIAGNOSTIC WRITE 
03 LOOP WRITE TO READ 
07 LOAD BYTE 
08 WRITE SKEW CHECK 
09 READ FWD SKEW CHECK 
OD READ BKWD ·SKEW CHECK 

WHEN N-FIELD IS 101 
02 5~~~~6~¥~cC~~K~URE 04 (FWD) 
06 IBG TIMING TEST 
OC DIAGNOSTIC MEASURE (BKWD) 

(~~ 0 0 0 0 0 C \J ' \ 



1/0 Cycle. 

I/O Cycles are the result of the Start I/O 
instruction. The tape control requests the I/O 
Cycle by raising Service In to the attachment. The I, attachment then issues a Cycle Steal Request 5 to 
the Model 15 CPU (Cycle Steal Request 7 for all 
other models). After the CPU acknowledges the 
cycle steal request, the data transfer begins. One 
byte of data is transferred each I/O Cycle. When 
tape control is ready to receive or send the next 
byte, another Cycle Steal Request is made to CPU. 

(' (- ( ( 

CLOCK 1 
D2~-----... 

ACTIVATE STORE 
DATA AND BLOCK 

SDR 

HT360 

C=K 2 1 
E2'----..... 

GATE CONTROL 
DATA TO DBI. 

ONE BYTE OF 
DATA READ FROM 

TAPE 

LI~~I> A2 

(-- (-" 

READ 

( (' 

A3i---_ 
SERVICE IN FROM 

TAPE CONTROL 
INITIATES CYCLE 

STEAL REQUEST 
TO CPO 

J 
HT350 

(-~ 

------.---------~ .. " 

(' (~ (- (--, 

'"",-" 

CLOCK 8 
B4-----, 

SELECT MTDAR TO 
SET CYCLE STEAL 

ACKNOWLEDGE 
LATCH WHEN 
REQUEST IS 

-------._ GET DATA 

RONORED 

HT350 

WRITE 
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ADDRESS 

HT350 

CLOCK 4 
D4,~--..., 

SELECT MTDAR TO 
MODIFY DATA ' 

ADDRESS. ACTI­
VATE DBI7 TO 

INCREMENT BY +1 

HT350 
HT140 

CU= 5 1 
E4------, 

CPU PUTS DATA 
BYTE ON DBO 

l~ 
L/ 

--._--_._ .. -----

( (~ (~- (- (' (- ( 
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I/O Cycle. 

~~) a ("-11 0 0 r"\ 1"" ~ i, \'oL",j '_f V "-)I \~ 

TAPE CONTROL DROPS 
SERVICE IN AFTER DE­
TECTING SERVICE OUT. 
READ SERVICE OUT 
LATCH IS RESET WHEN­
EVER THIS OCCURS. 

BINARY 
SUBTRACT > 
ACTIVATED 

CLOCK 4 
1-'---_ 

SELECT MTDAR TO 
MODIFY DATA 

ADDRESS. ACTI­
VATE DBI7 TO 

DECREMENT BY 1 

A2 

CLOCK 3 

~
9 ~~~~: 

A2:-'---__. 
SET READ 

SERVICE OUT 
LATCH. SEND 

SERVICE OUT TO 
TAPE CONTROL 

HT240 

--------------. 

YES 

CLOCK 4 
2' ...... --_ 

SELECT MTDAR TO 
MODIFY DATA 

ADDRESS. ACTI­
VATE DBI7 TO 

INCREMENT BY +1 

HT340 
HT240 

HT350 
HT340 
HT240 

HT350 1 
~------------C-L-O-C-K--5--~~ 

D2"":"'-_ 

C) r' 0, 0 /~" 
\ " 'J \ \ 

~ 0 ' ,» 

RESET STORE 
DATA AND BLOCK 

SDR 

(0 r-~ r~ 

J 0 ,j 

CLOCK 7 
r---E3 

RESET CYCLE 
STEAL 

ACKNOWLEDGE 

,~ 0,-, v (~ 
\J 

HT350 

o 
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CLOCK 
SDBO 

CLOCK 5 
EPHASEC 

FROM: 
58E4 

B4 ...... --_ 
SET WRITE 

SERVICE OUT 
LATCH. SEND 

SERVICE OUT TO 
TAPE CONTROL 

NO 

CLOCK 5 1 
HT240 

_..;...<:4 ...... --_ 
SET ABO 

REGISTER. GATE 
DATA BYTE TO 

ABO 

HT100 

B5, ...... --_ 
SET CONDITION A 
AND CONDITION B 

(PROCESSOR 
CHtCK AND CHAN 

DBO) 

5 1 .T230 

OPERATION 
TERMINATES 

AFTER ACCEPTING THE 

~------------- gS~~RgrT~Ro~~Esi~~¥CE 

_E4 
THE I~O CYCLE 

IS R PEATED 
~ UNTIL THE 

OPERATION IS 
COMPLETED 

o 0 0 () 

IN. WRITE SERVICE 
OUT LATCH IS RESET 
WHENEVER THIS OCCURS. 

o 0 , Ot 0 ,;:" ,~ o 00 o 



Sense I/O 

The Sense I/O (SNS) instruction requests sense data 
from the Attachment, the MTDAR, or the subsystem. 
During the 1-0 Cycle, the 0 Byte is decoded for the 
address and the unit being sensed. During the following 
EB-1 and EB-Not 1 Cycles, the requested sense data is 
sent to the CPU. If the subsystem is sensed, an I/O 
Cycle is taken but no data is transferred. The I/O Cycle 
is taken to provide time for the subsystem to assemble 
the requested sense data. 

I-OP CYCLE 
CLOCK 5 

,11.3---_ 

SENSE I/O 
INSTRUCT10N 

B3 ....... --_ 

CPU PLACES 8 
BYTE ON DB 

J 
SET CONDITION A 
AND CONDITION B 

(TURNS ON 
PROCESSOR CHECK 

& CHAN DBO) 

J 
HT230 

OPERATION 
TERMINATES 

YES 

EPHASEC 

SET CONDITION B 

HT230 

EPHASEC 

SET DEVICE 
ADDRESS LATCH 

HT330 

Page of SY32-5028-1 
Revised 10/27/75 by TN L SN26-0323 

Q ByrE 

~ 
ADDRESS I N FIELD _I 

0"·· I UNIT 

01234 567 

ADDRESS I N FIELD 

SUBSYS 011·· 000 SUBSYSTEM 0/1 
001 SUBSYSTEM 2/3 

TU 0 00 010 SUBSYSTEM 4/5 
TU 1 01 011 SUBSYSTEM 6~7 
TU 2 10 100 .MTDAR SENS 
TU 3 11 101 ATTHMNT SENSE 

110 HARDWARE SENSE 
111 OP-END INT. STATUS 

.THE MTDAR (MAGNETIC TAPE DATA 
ADDRESS REGISTER) IS THE CPU LSR 
ASSIGNED TO THE SUBSYSTEM 



S8n88 I/O 

. 
/~ 0 (--'l () r~ r--'~ I'-~ ~ (C~ 

~j 
, i 

.~ .. ~ "'- j'/ ~jJ ',-- / \.J I"J 

-----_ ... 

.~~~---------

SET SNS N-7 
LATCH 

EB-l CYCLE 
CLOCK 2 

GATE O's TO CPU 
FOR SNS BYTE 1 

EB-l CYCLE 
CLOCK 2 

D()oooO----.. 

GATE OP-END SNS 
DATA TO CPU 

EBNOTl CYCLE 
CLOCK 8 

Eo-I--..., 

r~ 

~j) 

RESET SNS N-7 
LATCH 

r-~ (--1) .fl . . 
0 \.,.f "'---J 

--------_., .. __ . __ ._---------_. ----.-~---.-~-------

NO 

EPHASEC B1----_ 
SET HARDWARE 

SENSE LATCH 

HT330 

EB-1 CYCLE 
CLOCK 2 _....c1-'---.... 

GATE CONTROL 
DATA TO OBI. 

(SEE NOTE) 

EBNOT1 CYCLE 
CLOCK 2 

01-'---.... 

ATTACHMENT 
SENDS A BLANK 

BYTE TO CPU 

EBNOT1 CYCLE 
CLOCK 8 

RESET HARDWARE 
SENSE LATCH 

EPHASEC 

SET LSR SENSE 
LATCH 

EB-l CYCLE 1 
CLOCK 2 

2 

HT340 

SENSE THE 
LQ-ORDER 

PORTION OF THE 
MTDAR 

1 CYCLE EBNOT 
CLOC K 2 

,...-02 
SENSE THE 
HI-ORDER 

PORTION OF THE 
MTDAR 

1 CYCLE EBNOT 
CLOC K 8 

-E2 
RESET CPU LSR 

SENSE LATCH 

YES (ATTACHMENT SENSE) 

SENSE) 

EPHASEC 

SET ADAPTER 
SENSE LATCH 

EB-1 CYCLE 
CLOCK 2 

HT330 

3:...r.--_ 

GATE ATTACHMENT 
SENSE BYTE 1 TO 

CPU 

EBNOT1 CYCLE 
CLOCK 2 

03---.... 

GATE ATTACHMENT 
SENSE BYTE 0 TO 

CPU 

EBNOT1 CYCLE 
CLOCK 8 

E)....I--..... 

RESET ADAPTER 
SENSE LATCH 

HT330 HT340 HT330 
NOTE: 

TAPE CONTROL FORCES EITHER THE HARDWARE 
DETECTED OR MICROPROGRAM DETECTED (NOT BOTH) 
HARDWARE ERROR BYTE ONTO THE ABI. IT IS GATED 
TO THE CPU AT THIS TIME • 

/~ ",..,-~ .0 0 0 0 Q 0 0 (J ~j \..3 \JI 

----------- ---

0 r" 
\..) 0 (~ 

\...-f 
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A4----.. 
TAPE CONTROL 

CANNOT RESPOND. YES 
DO AN •• -------C 

ATTACHMENT 
SENSE INSTEAD 

SET CONTROLLER 
SENSE LATCH 

HT330 

04-----.. 
SET ADDRESS OUT 

LATCH. SEND 
ADDRESS OUT TO 

TAPE CONTROL 

HT340 

THIS I/O CYCLE PRO­
VIDES TIME FOR THE 
TAPE CONTROL TO 
ASSEMBLE. -THE SENSE 
BYTES. 

0 ,/"~ 

U 0 

SET ABO REG 

0 

SEND CYCLE 
STEAL REOUEST 7 

TO CPU 

HT350 

E5-I---., 

I Lm:\. 
L5' 

0 0 0 .. 
r 
\i..) 
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(- (~- ( f ( (~' (-- (/ (' 
,-

(- f- (' (' (~- {--' { ( ( (- ('- ( ( 
-' 

(~' (-, C (~ ( (- (-" ( (00 ( (~ ( 

LIO 

CPU puts Q Byte 1. The attachment determines, from the Q 
on DBO, followed 

Data Bus Out Byte, the destination of two bytes of data 
by two bytes of 

0-7 and P sent from CPU main storage during the L10 
data if operation instruction. 
is load byte count. 

2. If the destination is the Magnetic Tape Data LSR Select (HT340) 

I 
Address Register (MTDAR) in CPU LSR, 
LSR select lines are activated to CPU. No 

See A67 data is received by the attachment; two 
bytes are stored in MTDAR. 

Attachment Bus Out - 3. If the destination is the Byte Count Register 0-7 and P (HT100) -- in the tape control, a Load Controller line is (To subsystem WB001) See A71 ~-- activated and two bytes of data are 
transferred through the attachment to the Load Controller 

tape subsystem. (HT340) 

4. If the L10 is for Interrupt Control, bit 3, 4 of LlO Op-End (HT330) 
the first byte are used to control the 
interrupts. 

Appendix A70 



From A70 

1. ..... -------. seeA72@ 

2. 

3. 

CPU puts Q 
Byte on DBO 
at clock 5 
I-Q Cycle 

CPU puts first 
data byte on 
DBO at Clock 
5 of EB 1 Cycle 

, 
\ 

\ 

From A67 

1. The load I/O tag is set 
\ at Clock 5 of the I-OP Cycle. 

\ 
2. The attachment decodes the address 

and N fields of the Q Byte at Clock 5 
of the I-Q cycle. 

3. If the Q Byte parity is bad, 

..... -------. 
\ 
\ 

I DBO PARITY GATED sets I/O 
CONDITION A and B and the 

I operation terminates with the 

() 

CPU puts second 
data byte on 
DBO at Clock 5 

\ 
\ , I PROCESSOR CHECK and CHANNEL 

DBO indicators on. 

of EB NOT 1 Cycle I / 4. The N field is 000. 

,t t / 
See A67 ®; 5. The N field is 110. 

{i;\ Interrupt control data is to be 
See A73 ~ / transferred to the attachment. 

/ 
/ 

/ The LlO for interrupt control is 
always accepted. 

At Clock 5 of EB1 the first byte is 
placed on DBO and gated to the 
attachment. DBO parity is tested. ~ See A74~ 
At Clock 5 of EB2 the second byte is 
placed on DBO but it is not used. 

6. The N field is 100. 

,/ 

..... ,.., 
", o"S 

/ --- . 

The CPU lSR (MTDAR) is to be 
accessed. lSR SELECT TO CPU 
is set. 

" ..... 

During both EB 1 anti "EB NOT 1 
cycles the data is stored in the 
CPU lSR. No data is received by 
the attachment. No DBO parity 
test is made . 

SeeA7S@ 

. . 
,~ Q (''\ 0 0\ ,~ r) f " \ . ",-) ,_}I ",j ,,~ "j' I~_-

r"'" i,,,-y 

Appendix A7l 

From A72 

CAUSE AB CPU REACTION 

I-Q - Processor Check Stop 
Invalid Command 00 & Q Byte Invalid 

EB - Normal operation. 
Subsystem not busy o 1 Proceed to next instruction 

Subsystem busy 1 0 Retry the LlO instruction 

DBO Parity Error 1 1 Processor Check Stop and 
Channel DBO Check 

See A76 Byte count is to be transferred 

® '-
to the subsystem. If the 
subsystem is not busy, the 
attachment~ets LOAD CONTROLLER. 

Page of SY32-5028-1 
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I-OP I-Q EB-1 EB NOT 1 

5678012345678012345678012345678 

Load I/O Tag -.-J 
Q Byte on DBO 

__________ ~r1~ ________________________ _ 

Service In ____________ -' LJlI.--_ 
Service Out _____________ .....J L..----'n~ __ _ 

Decode Address and N n 
~--------~------------------------(HT210 - HT230) 

Load Controller, (HT340) 

If the subsystem is busy, the attachm'e~t .. 
sets CONDITION A. CPU retries ...... -..;...----...... r...., , 

See A73 

® 

See A73, 

@ 
"- ...... 

LSR Select 

(To CPU) 

,0 ("'I , , 
",-y ~ 

the LlO instruction. 

3. At Clock 5 of the EB 1 cycle, 
the first byte is placed on DBO 
and gated to the subsystem. 

_ DBO parity is tested. 

At Clock S of the EB NOT 1 cycle 
the second byte is placed on DBO 
and gated to the subsystem. DBO 
parity is tested. 

(To Subsystem) 

First byte on DBO 

Second byte on DBO 

Test parity of DBO 

Test parity of ABO 

o o o () 0 0 

Set ABO Reg 

(HT1QO) 

o () o 000 



c (~ (0 
- ----_.----

( (~ (----

DBO Latches 
0,1,2,3, and 4 

(- .. 

I-a Cycle AND Clock 5 _: 

----- ----- -----_ .. _-_._----- -.----~. 

(~ (~ ( (' (" (~ (-- C (- ( ( 
.- (- (-, ( 

.Y 

From A71 

--------------, 
DECODE ADDRESS (HT210) 

1.. If DBO 0-2=011, the attachment sets 
DEVICE ADDRESSED (Subsystem 
addressed). 

2. 

I 
I 
I 
I 

I-OP 

5 6 7. 8 0 

1-0 

2· 3 4 5 

00 I Device-Address 0 _ ... 

01 IDevlce Ad. dress 1 _ 11 I 
I - \ Device Addressed Latch I 

I 
I 
I 
I 

DB Latches I 
I 

The attachment decodes DBO 3 and 4 
for tape unit address. 

10 I Device Address 2.. f~' ------------..... 
11 Device Address 3 --

5,6, and 7 

J 
I 
I 
I 
I 
I 

II DECODE N FIELD (HT230) 

1. DBO 5, 6, and 7=000 - Data from CPU 
is byte count. The attachment sets 
LOAD CONTROLLER to send data to 
subsystem. 

2. DBO 5, 6, and 7=100 - Data from CPU 
is Data Address. The attachment sets 
LSR SELECT 5 and 7 to store data in 
CPU LSR. 

3. DBO 5, 6, and 7=110 - Data from CPU 
is used for interrupt control. 

............................ ~~. ToA71 ~ 
4, DBO bits_5,. 6, and 7 not equal to 000, 

100, or 110 2'Set INVALID COMMAND 
(HT360). 

I Invalid Command (HT340) 

I 
I 
I 

.' ___________ .. ;_ •• To A73@ L ________________ ~ 

6 7 

Append ix A 72 
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EB-1 EB NOT 1 

8 o 2 3- 4 5 6 7 8 :0 2 7 8 



DBO Parity Gated 
(HT240) 

From A71 

- - - - ~ - --, lOP 

5 6 7 8 0 

Appendix A73 

1-0 

23456780 

(BUSY) B I 
From A71, A76~1 

1. The attachment sets I/O CONDITION 
A and B if the Q byte has even parity 
on DBO. Tested at Clock 5 of the I-Q 
cycle. 

"'_"'I~ To A71 © _--1-___ +--___ --11 
Set Adapter Latches 1 
(HT320) .J' 

I 

From A23 (c') : 
Invalid command'-' 

The attachment sets I/O CONDITION 
A if the subsystem is busy. L10 
(except N code 110) cannot be 
accepted so CPU must retry. L10 N 
code 110 (interrupt control) is always 
accepted. Set I/O CONDITION B if 
subsystem is not busy. 

Neither I/O CONDITION is set when 
From A71, A76 0 I the command is invalid. 

(HT340) ~~ 1. 

(PARITY) 

I 1. 

I 
I 
I 

The Attachment sets I/O CONDITION 
A and B if either data byte has even 
parity on DBO. Tested at Clock 5 of 
EB 1 and EB NOT 1 cycles. 

"_.'~ToA71 ® 

._ .... ToA71 © 

._ •• ~ToA71 © 
L _________________ J 

EB-1 EB Not 1 

2345678012345678 



, 
I 

From A77 

CPU puts a 
~ byte on DBO 

.... _---_ .. , ...... ---... 
'----......... " 
_--1 ....... / 

B From A67 

, . 
1. The CPU sets the 510 Instruction 

tag at Clock 5 of the I-OP Cycle. 
/ CPU puts R I-­

byte on DBO 2. The attachment decodes the Address and N fields 
of the a byte at Clock 5 of the I-a / J .... ~ __ ......... ." 

SeeA79 ® ..... cycle. I I 

seeA6( @) 
From A79 c 

3. If the a Byte parity is bad, DBO 
PARITY GATED sets I/O CONDITION A 
and B and the operation terminates 
with the PROCESSOR CHECK and CHANNEL 
DBO indicators on. 

SeeASO @~......- 4. The subsystem is busy or requires an 
operator intervention. 

NO YES 

,..' 
SeeASO@ .... - , • ~ Set I/O CONDITION. A and/or 

... I/O ATTENTION (HT230) 
(CPU retries the 510 instru~tion.) 

See AS1 

",I­
;' 

15. Set I/O CONDITION B (accept 510). 
/ 

.,." 

t7::\~ - 6. 
~~--- ... '" 

The attachment receives the R byte on 
DBO at Clock 5 of the I-R cycle. If 

~, See ASO 
R byte parity is bad, DBO PARITY GATED 
sets I/O CONDITION A and B (operation 
terminates). \' (§}..~-

" \ ........... __ 7. The attachment sets COMMAND OUT and puts 
the R byte on Attachment Bus Out to subsystem. " " .......... _ S. The attachment sets I/O WORKING TO CPU 
if the subsystem is made busy. 

I-OP I-Q I/O Cycle I-R 

5678012345678012345678012345678 
SlOOP 

I/O Condition A (-------i---+---~I 
I/O Condition B ~ 
(HT230) 

I 
I/O Attention 

to CPU (HT230) 

.... 
Attachment Bu >-_Se_t _A_BO_R_e9;;..._-+-__ +-__ ....I 
Out 0-7 and P 
(HT100) ... 

R Byte 

'--""-_----+----..IrL 
Address Out I I 

~A~d~dr~e~ss~l~n __ ~_~~ _____ ~ ____ ~rh~ ________ ~ 

Command Out I 

(HT360) 
~C~om~m~an~d~l~n_~ ___ ~ _______ ~ ________ -+-______ ~r-

I/O Working to I 

CPU (HT360) 

Appendix A7B 
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:-) () n ~ () ',,-.y \\,. .J 
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Appendix A79 

DBO Latches 
0,1,2,3, and 4 

I-a Cycle AND 

Clock 5 

DBO Latches 
5,6, and 7 

!"~ t~ ,~ 
''''- __ i ,I 

)' '",-Y 0 

From A78 

-------- - - -"- - --, r-­
I I 

I 
I 

DECODE ADDRESS (HT210) 

1. SIO 

If DBO 0-2=011, set DEVICE ADDRESSED 
(subsystem addressed). 

2. Decode DBO 3 and 4 for tape unit 
address. 

II 'DECODE N FIELD (H123O) 

1. N Field: 

000 - Control Command 

001 - Read Command. Set RD OP 

~ 010 - Write Command 

... r...- 011 - Read Backward. Set RD OP 
and RD BKWD (HT360). 

1 xx - Diagnostic Commands 

~ ~ 

... 

2. The subsystem needs control information 
contained in the R byte to finish 

I 
decoding these commands. See Appendix 
A, page 57 for R Byte chart. .. 

I 
I 
I 

001 
01 I 

I 
10 I 

11 

• L ________ ~_--~----~ 

,...r-"" 0 0 0 f"~ 0 (~ 0 ~jJ J '~J! 

-_ .... _-----... _" . . --~-------~---

Device Address 0 .. 
Device Address 1 .. 
Device Address 2 .. 
Device Address 3 .. 

.. .. ToA78 ® 

0 r,\ f) ~ ". 
I",--Y ",j ~ " 0, 0 0 0 0 0 0 r 

~ 



I 
I 

l 

c (-~ ( (- (-" 

r 

I 

I 
ABI 0-7 and P ~ L...-----,vI 

I 

L 

----~-".---- - --- --------------

f" (- ( C (-' (' (~ (-' r-" 

From A85 

---, 

I 

I 

1. The N field equals 101 indicating an 
attachment sense. The attachment sets the 
ADAPTER SENSE LATCH (HT330) at Clock 5 of 
the I-a cycle. 

2. The attachment puts sense byte 1 on OBI at 
Clock 2 of the EB 1 cycle (GATE SENSE BYTE 1 -
HT110). 

3. The attachment puts sense byte 0 on OBI at 
Clock 2 of the EB NOT 1 cycle (GATE SENSE 
BYTE 0 - HT11 0). 

I 

I 

I 
I 

I 

- --------------

C (-- ( f ( (~' 

Adapter Sense Latch 

.... 
OBI 0-7 and P 

r 

------ - - --- - ------------ -----~- -"------

( (- l C C' f' (-- (" (~ ( (-' (" (~' (" 
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I-OP I-Q I/O Cycle EB-1 EB NOT 1 

5678 012345678 012345678 012345678 012345678 

I I 

Byte 1 Byte 0 

NOTES: 

DBa 
Sense Byte 0 Sense Byte 1 Bits 

Address Out of Sequence 0 

ABI Parity Service Out of Sequence 1 

ABO Parity Command Out of Sequence 2 

Controller Disabled Address In Error 3 

Two Tags Error Service In Error 4 

I/O Working Gated Command In Error 5 

Sequence Error Status In Error 6 

(Not used) (Not used) 7 

Appendix AgO 
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I,-Y 

Attachment Bus In 
0-7 and P 

From AS5 

-~---~------~--~--, 

1. The N field equals 110 indicating a Hardware 
sense. The attachment sets the HARDWARE SENSE 
LATCH at Clock 5 of the I-Q cycle (HT330). 

2. The attachment sets GATE CONT OAT A TO OBI 
(HT110) at Clock 2 of the EB 1 cycle. 
Whatever is on ABI is gated to CPU as a 
sense byte (HT140J. 

3. GATE CONT DATA is inactive during the EB NOT 
1 cycle causing a byte of zeros to be sent 
to CPU. 

I 
I 
I 
I 
I 
I 

I ! 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L ____ ~ _______________ ~ 

NOTE: 

A Hardware Sense operation stores the state of the Attachment 
Bus In at the time of the error. 

.. ~ 

r~\ r". t<~ 

"'-j '" / ',) 

Hardware Sense Latch 

Data Bus In 

0-7.nd" > 

r), '" " 

00 

lOP . 

5678 

o 

LO . 

012345678 

t~' 
,,}) 

... 

I{OC I yc e 

012345678 

-.I 

o 
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EB 1 EB NOT 1 

012345678 012345678 

P Bit Only 

n n 

o C) 0"" 
" , o () o 
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From AS5 

I 

----~--~-----------, 

1. The N field equals 111 indicating op-end 
status SNS. Attachment sets the SNS N=7 
latch (A T330) at C5 of the I-a cycle. 

2. The attachment puts a byte of zeros on OBI 
at EB-1 C2. 

3. The attachment puts interrupt status on OBI 
at EB-2 C2. 

Sense Byte 0 Bit 

TU 0 Interrupt 0 
1 1 
2 2 
3 3 

Subsystem Interrupt 4 
Unused 5 
Unused 6 
Unused 7 L ____________________ ~ 

( (~' 
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." -'-

Page of SY32·5028·1 
Revised 10/27/75 by TN L SN26-0323 



-- -------::~"'---:::-"-"- - j 

--,,--~--,. .,;: ~ -'\ .0 ,.,<-~ ,~ rl ('C"~ i- 'i ( " r~ /"~ 1""'"', ~ (~ (~ 0 (C"", /' -., /""",\ ~-~'~ (C,\ 0 C) (~ 0 r j .~ i v ''''-J' ~ \..Jl '''-J I "-- yJ \ ~ 0' l) i,,,,,,"_) ~i \_- ./ \.. ""-J! \, .. ) i\" 

\~"'" jJ \~ . 
" " 

t,~_". \< 



( ( ( ( ( ( ( ( ( (- ( ( ( ( ( ( ( ( 

Appendix B: Microprogram Sample Listing 

LOC OBJECT CODB lDDI1 ADDR2 STitT SOOlCB STATE"BNT 12113/71 1 
103+. TRANSFBR ADDRESSES 2 

000005 10"+LSRS EQO X'05' SELECT THE HIGH OR LOW LSI'S 3 
000006 105+TRNSP EOU X'06' TRANS PER PUNCTION DEPENDS OR BIT 3 4 
000009 106+SPOUTl EOU x'ocp SPARE OUTBOOND REGISTER 5 
OOOOOA 107+DETDBRR EQU X'Ol' DISABLE CU--CODE DETECTED ERROR 6 
000011 108+VRTCLOCK EQU 1'11' ACTIVATE OR DE-ACTIVATE WRITE CLOCK 7 
000012 109+SDC3 EQU 'X'12' THIRD SKEW DETECTION AND CONTROL 8 

·000014 110+SPOUT2 EQO X'lIP SPARE OUTBOOND REGISTER 9 
000018 111+SDC2 EQU X'18' SECOND SKEW DETECTION AID COITROL 10 .. 
000021 112+All EQO ]t'21' ALU IPOT REGISTER 11 
000022 113+IC EOO 1'22' INSTROCTION COONTER 12 
00002" 11"+TUADR EOU 1'24' TAPE UNIT ADDRRSS SELECTION 13 
000028 115+TOTAG EQU 1'28' TAPE UNIT OOT TAG REG 14 
0000" 1 116+TUBOE EQU X'",. TAPE UNIT BOS OUT WITH EVEN PARITY 15 ," 

000042 117+TUBOO BQU 1'42' TAPE UNIT BUS OOT WITH ODD PARITI 16 
000044 118+RESET EOU X'''''' RESET THE CHECK/SYSTE! RESET LATCH 17 
000048 119+SDCl EQO X'48' PIRST SKEW DETECTION lND CONTROL 18 
000050 120+INTAG EOU 1'50' IN TAGS TO ATTACHMENT 19 
000060 121+1BI EOU 1'60' DATA BUS INTO ATTACHMENT 20 
000081 122+DREG EQO X'81' TRANSPER THE 0 REGISTER TO AN LSR 21 
000082 123+SPINl BOU X' 82' SPARE INBOUND REGISTER 22 
0001)84 12"+SHIPTRT EQU X'8'" SHIPT RIGHT ONE POSITION 23 
000088 125+PET EOO I'BB' PHASE ERRORS BY TRACK 2" 
000090 126+5KB EQU X'90' SKEW BUPPERS OUTPUT 25 
OOOOAO 127 +ABO EOU X'AO' DATA BUS OOT PRO~ ~TTACHMENT 26 

129+·BRANCH ON CONDITION 28 
000000 130+ULIIO EOO X'OO' ALU OUTPUT IS EQUAL TO 0 29 
000001 131+INC EOO X' 0 l' NOT ALU CARRY OUT 30 
000002 132+'BBOS EQU X'02' B BUS PARITY ODD 31 
000003 133+'DBOS EQU X' 0 3' o BUS PARITY ERROR 32 
00000" 13"+tINTRPT EQU X '04' INTERRUPT PRO~ THE TAPE UNIT J3 
000005 135+'SP1 EQU X'05' SPARE BRANCH ON CONDITION 34 
000006 136+ITACH EQO X'06' TACH 35 
000007 137+UPRWTDA EOO X'07' TRANSFER TRE WRITE DATA 36 
ooor'jfl 138+tCRO EOO X'08' CHECK RESET OUT 37 
000009 139+'SNS EQO X '09' SENSE TAG 38 
MOOOA 140+'SIO BOU X' OA' START I/O TAG 39 
OOOOOB '''l+'LIO EOO X 'OBi LOAD I/O TAG 40 
oooooc 142+'PBE EOU I'OC' P-BIT ENVELOPE 41 
000000 '''3+INDATRDY EQU X' 00' SKEW BOPFERS EMPTY "2 
OOOOOE 144+'BOB EQU I'OE' BEGINNING OF BLOCK 43 
OOOOOP 145+UBG EOO X'OP' END OF RECORD DETECTED "4 
00001r) 146+'DRF.GO EOU X'10' o REGISTER BIT 0 "5 
000011 147+'DREGl EQO X'll' D REGISTER BIT 1 46 
000012 148+'DREG2 BQU X' 12' D REGISTER BIT 2 47 
000013 '''9+'DREG3 EOO X'13' D REGISTER BIT ,1 4B 
000014 150+'DREG4 EQU 1'1'" D REGISTER BIT " 49 
Oeo015 151+'DREG5 EQO X'15' D REGISTER BIT 5 50 
000016 152+'DREG6 EQO X'16' D REGISTER BIT 6 51 
000017 153+'DREG7 EOU X'17 ' o REGISTER BIT 7 52 
"00018 154+INCO EOO X'18' NOT COMMAND OUT TAG 53 
000019 155+I1DO BOO X'19' ADDRESS OOT TAG 54 
00001A 156+INSVO EQO I'lA' NOT SERVICE OUT 55 
00001B 157 + It IITS EL EQO X'1B' INTERRUPT SELECT 56 
00001C 158+INSKEW EQO X" C' NOT EXCESSIVE SKEW 57 
00001D 1S9+'T! EQU X' 1 D' TAPE IIARK 5B 
00001E 160+INCOPEAT EOO I'1E' NO CONTROL ONIT PEATURE 59 
00001F 161+'JSTENBL EQO X'lP' ENABLE HAS JUST BEEN SWITCHED ON 60 



Lce nl'\jI=CT rn r) r: ~nf)p 1 i\f)I)R? ST"'1T 
"')"0"? ""')~<; ~61 

""('1')03 I) 'H)(l ~64 

1)10()O4 1)00') 367 
I) ') I'\(),.., c:; ?R1=6 370 
,1)01)06 ,051 373 
010('107 /I,PO 1 376 
''\1 r C),.., '1 ?l"f. 37q 

,)'I"rrq 'V)'i 1 ,A? 
"1(,nnl\ !\Q') I 39C:; 
(ncnOFl 71"10 ~A8 

') 'V' ('() r 30<;\ ,'P 
"()ooon 4~<;0 3q<; 

n'10')1)[ QI') (1) 3q8 

" 'V) n 0 1= ":\o'il 401 
1)'1)010 6~ P' 404 

Lrf nRJF("T (()r')F fln')p] l\"lI")R~ STMT 
11 'i A 
1159 
1160 
1161 
1. 162 
1163 
1164 
1165 
1161'> 
1161 
1168 
1169 
1170 

1)"lC'OF6 51=<;0 lln 
1')101)1=7 0603 1176 
1)')(lOFR acoo 1179 
O,)OOF9 anOl 11 A2 
1)10(,FA rlF1)1) 11 95 
01(1)FA OF')n 11AA 
O()OOfC lInn Il91 
oOl"'rlEn 1200 1194 
'l')('I)F[ <;14P 1197 
1)1(lOFI'" <;11 Q 1200 
I) 'l (V) I'" 0 'i144 1203 
1))I)I')Fl I!)!)n 1206 
()I)OOF2 1700 17.09 
010l)F3 6un 1212 

SOURCE ST~Tt~[NT 

TAGf.HKl AU TAGCHK 
, !)l 1= STn R"l,lI=RO CLEAR I DL E 

SH! PCl,7I= R O COUNT!:P 
BOC CR(1,CKRST BRANCH ON CHECK RESET 

IOLEt BOC AI)Q, Af)RnIJT BRANCH ON ADDRESS nUT 
Ann R"l,X'Ol' AnD O"lE Tn COUNT 
BnC NC,IDLI'"l RRANCH 11= NO CARRY 
flnc Ann, ADRf1UT RP .... Nf.H ON ~DORESS nUT 
liDO pQ,X',)l' AnD ONE Tf') COUNT 
ROC f\JC • T Dl F 1 BRANCH T F NO CARRY 

ROC Anr.ADRnUT RRAf\JCH 'l~1 AnDRESS OUT 
XI= Q "3,T"lTAG TURN ON flO WORKING 
r-.'OPI 
ROC AnO,AnR('ItlT fiR A NCH mol ADORI=,S S OUT 
flU YnlF? 

souP C F STi\TFMFNT 
************************************ 
* * 
'" SYSn:: M 3 TAPF SYSTEM CHECK RFSFT '" * * 
********************** •• ************ 
* * 
* WHEN A CHFCK RFSF T I S ISSUFr) * 
• THF TAPF SYSTFM WTll RFSI=T ALL * 
* SFNSE R YTE S. * 
* THE STATUS nF EACH TAPE UNTT * 
* WI II THEN BE upnATED. • 
* * 
********************.*************** 

CKR ST 
CKR STl 

fW)004 

!",C,", 
!j; 

XFR 
STn 
STn 
STO 
STO 
STO 
STa 
STn 
XFR 
XI'" Q, 
XFR 
SH) 
<;Tr) 
flU 

R30.JNTAG 
R6,X'03' 
RI2,X'OO' 
R13,X'01' 
R14,X'OO' 
RI5,lFRI) 
Rl7,X'OO' 
R18,X'OO' 
Pl7.snCl 
Q,11,SDC2 
P11,RFSET 
R16,ZERO 
P?3,lFRI) 
QC'ZFRO 

J IOWO "'1FTER ON 
SH T(F BYTE TO NO 
sn TO PE 
CLEAR SNS n 
CLFAR SNS 0; 

CLFAR DIAG REG 
CLEAR SNS ~ 

CLEAR SNS 1 

RESET CHFCK RESET 
GOOn PAR ITY TO R 16 

f. R23 

TRK 

LATCH 

-
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EOIEEfl69 12113/71 
00001050 
00001060 
00001070 
00001080 
OOOOlOQO 
00001100 
00001110 
00001120 
00001 no 
00001140 

00001160 
00001170 
00001180 
00001190 
00001200 

FOlFER69 12113171 
00004470 
00004480 
nOn044QC 
00004500 
000C4510 
000041)20 
00004530 
00004540 
00004550 
00004560 
0000457Q 
00004580 
000045QO 

00004610 
FOlJND 00004620 

00004630 
00004640 
00004650 
00004660 
00004670 
00004680 
00004690 
00004700 
00004710 
0000477.0 
00004730 
00004740 
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f)'H) 1 qR 40" r; 
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()')C1Of ?OQF 
r"n 1 qr ;>l)l)r 
n If'l. of It I) I) " 
OlnlAO ">An 

c\ ( 

176A ************************************ 
1767 * * 
176q * f0UNT TTMF * 
17~Q * * 
1770 * NnqvhL FYTT T~ VT~ R?? * 
1771 * r?~np FYfT T~ VTA PIA * 
177~ * * 
1771 ************************************ 

17 76 CCUNT XFR H T "0;;0,, 

111q (f'IJ~1 T 1 AnI) rl?7,X'()I' AnD CN~ Tn lr cnUNT 
17A? Hnr. Nf ,r fIJNT? 
171'1<; /Inn ,., ::> f! , '( , (11 • I\no nNE TO ~I cnUN' 
11~1'1 fine NC ,r:0LJf\JT~ 
17(H XFq tq,Lc;q~ 

l1C!4 ,(rR RI6,TC rmH'H RA"l nUT 

17ClA rou~.JT;> r-.I0 o ;> 
11'101 Nnfn 
11104 (OUNn . XFQ l0,lSR~ 

lA01 XFR Q2? ,Ie RFT'JRN 
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FOIFER69 lZ/13/11 

00007090 
oooon 00 
00001110 
00001120 
00001130 
00001140 
00001150 
00001160 

00001180 
00007190 
00007200 
00001210 
00001220 
00001230 
00001240 

00001260 
00007210 
000017.80 
00001290 
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l rc f1AJFr.T eno£' 

""OIAl I?f:( 
01'l01A7 OqP) 
0')014" HilA 
01)0144 lCFf. 
1):')0 tAr:; 16A6 

0101hA r:;~!'<; 

1H'I tA7 , ... ~I\ 

(,"I"tllq SlSllJ 
()lOt he) ~11\( 

O'\f'l IlIA <:lA!)n 

O'OlAP 31R? 
O'HI1 fir, 17fF 
010lAr' n'll 
"'OIP~ ?lIF) 
""O'AF (01)1'1 

I'Il01AO QI) ('I " 

O'HH "I 61 0 1 

11"11~? fPF-
01011\" A"" 1 
" "I'll IV. n <\R 
"101R5 A~l)l 

"'C1tA" ?I Qn 
"'CIA7 I+f) I') c; 

'l"lOIA'I qro'l 

""OIAQ 14Fl 
Ol101F./\ <;1+7~ 

0'101AA '''1\( 
'l)OlAC ?ORn 
~"OlRn '1'(\0 
rno 1 PI" ICOO 
O!)018f 1"e)7 
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STMT SOURCF STATF~FNT F01FEB69 
1~10 * •••• ** •••• ************.*****.****** 
lql1 * * 
lR17 * WRfTF TAC~ COUNT CONTROL * 
1R13 * * 
lq14 *****.*****.**.**.****************** 
lRl~ FNOVEI 1 ~T0 RIA,X'FC' SFT ~NT 4 FOR TIMF TACH 
lRlq STO pq,X'FO' SFT CNT 16 FOR TIMF TACH 
lA'l ENDVFI2 ST" R7.1,X'14' WAIT 5.0~SEC FOR FIRST TACH 
lAl5 STO R?g,X'FA' WRITF OPS 
19l8 TACCNT?' STO R77,TACCOUNT 

lq37 ****.******.****** •• *******.******** 
lq3~ * * 
lR34 * TACH COUNT ROUTTNF * 
18~5 * • 
lA36 * NnR~Al ~XIT I~ VTft D?O * 
1831 • * 
l~3q •• ****** •••• *******.**************** 

lR47 T Ace CllJNT XFP 
1845 SOC 
lR48 "R r 
UJli! ~OC 

1855 TACl-IlIP ORM 
1 R'iHl B"C 
1Ml TACHI)"W"l C;TO 
111"4 WATTC17 Ann 
1 fI~7 BOr. 
1870 "JOPI 
t $11'3 NOPI 
lR76 fHJ 

1 AfI"l ,("'TTaCH ANI) 
lA8~ AO!,) 
1118" Rnc 
lSRq 1\1'10 
IRq? 'Inc 
I Aq5 'l(rQ 

t8q!! nR"" 
lQOl BnC 
1<l04 XFR 

1 qOIl Cl.r:tCNTN NOP? 
lCJll NOP? 
lQ14 Cl.Rr.NT ST'l 
l<H 1 STO 
1S120 BU 

0 0 0 
"~ .<~. , 

~I,LC;~C; 

TACf.l,TACf.llf n 

R?4,X'1')I 
OR Ff.3, T hCHl'lm-m 

tl24,X'0('l' 
!')RFG3,CNTTACH 
P?~,l('FF' 

P73,X'OI' 
NC,WIITT017 

cnUNT} 

tl?4,I(1FF' 
Q,75,X'OI ' 
NC,CLRCNTN 
P7.6,X'OI' 
NC .CLQCNT 
LC'I,I.SR.C; 
R15,lERn 
!,)REr.4, C;KEWC:Mf)l 
R.70,IC 

R?7,X'OO' 
RZA,X'OO' 
COUNT1 

• 

C) r """', ('\ 
0 ~ /1 

TACH liP 
SI"T ST AT 

CHFCK e; TAT 

sn UP NOP WAtT 

WAtT OVER 

TO COUNT ROUTINE 

CLFl\tl STAT 
1 TO TACH COIJNT 
CARRY 
1 TO HIT ACH r.mJNT 
C IIPRY 

Ie; THIS 
A ~K EW CO~~AN" 

PFTlJRN 

CLFAR COIJ"JT 
CLFAr:t COUNT 
Tn fnllNT RntlTJNF 

0 0 0 \" ~)J 0 0 0 

12113111 
00007310 
oooon?o 
00001330 
00007340 
00007350 
000073M 
00007370 
00007380 
00001390 
00001400 

00007430 
00001440 
000C1450 
00007460 
00007470 
00007480 
000C7490 

00001520 
00001530 
00007540 
00007550 

00007570 
00007,)RO 
000C15C10 
00007600 
00007610 
00007620 
01)007630 
00001640 

00007660 
0000167C 
0000768C 
00001690 
00007100 
0000171 0 
000077'0 
00007730 
00007140 

00007160 
00007770 
0000778(1 
000071QO 
00007800 
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n'10771'" gp"n ?2ll) TI~I=TAC ORM RA,l(lOO' TtJ SENSE BYTf 1 000C8990 
() 1,,? VI c;~l)c:; 2228 )(FP HI,LSRS 00009000 
rt)07~1 ?o74" 7731 Bnc ORFG7,wINPAR W1NTFR PARK 00009010 
n11'17",' ~f:,47 2234 BOC OPE(;f:"FItn I=IR '3 00009020 
I)'Hl?::D QQf:,1"1 2?17 Ano"'" P77,)('60' La COU!l/T 000090'30 
0')(1714 71~7 77.40 BOC NC ,RFSfT4 TO SMALL - LESS THAN 474.5 M ICROSEC 00009040 
1'1')073'5 F\tl.'5( 2243 AOO"1 R27,X'5C' LO COUNT 00009050 
1)""736 ?1 <;4 ??4b (HKlOWI BOC NC, MlO4 01< 00009060 

()I) 0 7:P 12"'( 2250 RESFT4 STn 1:118,)('1'"(' lO (CUNT MORE THAN 527.8 MICROSFC 00009080 
I)no"p 41"10'5 22'53 Arm16 XI=R lO,lSPC; 00009090 
n)I'I?39 AClI) 1 7756 Af'll) 1:19,X'OI' 1 TO 16 COUNT 00009100 
(,)HI7'111 ?l4f" ?2o;9 Rf)C NC,TP~EMCQ!= NO BRANCH IF 16 T.ACHS COUNHO 00009110 
1'1,)07313 FF!=7 2762 XO"1 Rl'5,X'F7' IS THIS A END VF.LOC ITYCHFCK 00009'l20 
f'l"'0'3C 71")(+1\ 2265 ROC l~llJO ,fNIWFlCt( BRANCH IF SO 00009130 
nlOn!) ]210 7268 ql") Pl''l,X'IO' SFT START VELOCITY CHECK 00009140 
f)1f'l2'1F 1'"1\1(' ?27l XO"1 1'10,)('10' TAPI= UNIT 00009150 
0'1021'" ':1141 2274 BOC f)RFG3,STOPTAPO AT LOAD POINT 00009160 
000'40 PI'"!)7 2277 OPT RI4,X'f'l7' S!=T P-BURST CHFCK 00009170 
""0741 f,4A~ 2280 STOPT,dPO All STCPUP 00009180 

010747 n~ 1''3 ?2R4 FI~1 IIOf)~ R77,X'f)8' 00009200 
""0'41 ?1 "7 2787 BOr. NC,RFS!=T4 GO COUNT 00009210 
010'44 "'[3f)t> 22QO AD[)M R77,X'06' TOO SMAll 00009220 
I) 1 () , I, e:; ,.,:>V., ?2<n BtJ CHKlOWI LO COUNT 0000Q230 

(1')();>4" R<lP.7 2297 wtll,lPAR A("l'W P77,X'R7' lO COUNT 00009250 
0)0747 71~7 7300 ~Or. NC ,P I=S f'T4 TOO SMAll 00009260 
01074A F\p.~[) 210~ l\on"1 R71,X'AD' LO crUNT 00009270 
OOO?4Q f,~16 7306 AU Cl-iKlCWl 00009280 

11(1(17411 I)~"'" 711 f) PJI)V(lC K STn Rl'i,7f'Pr:' CLEAR THE DIAGNOSTIC RFGI~TER 00009300 
0007413 I'!rHO 2313 ORI Pl~,X'10' SFT DATA CHECK 00009310 
1)1)()74C "ooe:; 2316 XFR HT,lSRC; SFT THE HIGH lSRS 00009320 
1)1)0740 A140 2119 mn P17,X'40' SET ENO VElOC ITY CHF(K 00009330 
')1074'" "11\1\ 732? C Tun T Af. 1 RU CTunlAG GFT OUT 00009340 

(l1('174F 1 ClFF 2326 TJ"1FMORf <;Tn R25,lC'FF' TACH COUNT 00009360 
1)107"i(l lAFF 737Q STn R7~,X'FF' EOUAL 1 00009370 
(,I")(J? 0; 1 u~on .7337 SH) P77 f X'OO' ClEAR 00009380 
(l(')1)?"i7 1 (".1'0 23'3") 5TO R7R,X'OO' COUNT 00009390 



1 cr rl'\JfrT Cl'lOF AOI)~1 AOnR 7 STMT ')0 lJR C!= STATEMFNT FOlf=E869 12113/71 
(1071)'3 61Q6 7'08 PRWRT6 Bll emlNT TO COUNT ROUTINE 00009400 
0(021)4 FCOO 2341 ADD4 XOM R7R ,lFPO HIGH COUNT 0000941C 
00021)5 2057 2344 BOC ALUO,AOD4A OK 00009420 
000256 6231 2347 BU DFSET4 BAD 00009430 
0')0251 A701 2350 AD04A A!ll) RI8,X'01' 1 TO 4 COUNT 00009440 
010?'5~ 2BR 2353 BOC NC,AOOI6 4 COUNT NOT 4 00009450 
00025Q 0?10 7356 STn R2,X'10' STORE COMMAND TAG OFF 00009460 
00075A 400C; 2359 XFR lO,lSRS 00009470 
(1)0256 0;011 2362 XFR OIll,WRTCU1CK TURN ON THI: WR ITE CLOCK 00009480 
0')02'5(, 0900 2365 ')TO R9,7EPO CLEAR TO BYPASS END VEl 0"1 WTM/ERG 0OO0949C 
0')0250 C;5?2 7368 XFR R21, I C 4 COUNT EQUALS 4 TACHS OK 00009500 

01)06ff 5005 6359 tOLEZ X!=R HI,lSltS 00026170 
0106FO 9700 6362 ORM R23,ZERO lID CHI:CK 00026780 
O')06Fl 4"05 6365 XFR lO,lSRS STAT 00026790 
1)()06F2 37F4 6368 BOC OREG1,JOLF3 ON 00026800 
0Il06F"3 C;OO6 6371 XFR FIIIBlCHG,TRNSF ENABLE OFF LINE 00026810 
O,)06F4 bOll 6374 IOlE3 RU UPDATE 00026820 
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CROSS- REFER BNCB 
SY"80L LEN VALUE DUN REFERENCBS 12/13/71 66 
AA 00001 OO~3B8 3/189 3471 
ADD16 00001 000238 2253 2353 
ADDII 00001 0002511 2311 1 2246 
ADD4A 00001 000257 2350 2344 
ADRoaT 0/)001 00/)051 0638 0373 0382 0392 0401 
BOT 00001 000815 6538 6525 
CRnc 00001 00('303 3571 3559 
CHItLOWl 00001 000236 2246 2293 2306 
CKTUVEL nOOOl 000899 69H 
CKRST 00001 1)000E6 1193 0730 2852 
cnSTl 001)01 0000E7 1176 1228 
CLRCRT 00001 OI)(llBD 1914 1892 
CLRCNTN OOCOl 1)001BB 1908 1886 
CKNDREJ 00001 001')139 U39 2548 
CNTTACH 00001 000182 1880 1858 
CONTROL 00001 000093 087/1 0849 5083 
COUNTRI 00001 O()O627 5731 5725 
COUNTl 00001 000197 1779 1876 1920 
COUNT2 00001 000190 1798 1782 
COUNT3 00001 00019F 1804 1788 
CRCEVENP 00001 0009"F 7339 7333 8948 
CTUOIAG 00001 0003AA 3447 2012 2322 
CTUOUG1 0001)2 00024E 2322 3428 
ENDEND 00001 1)004A7 4451 1275 3821 4445 4711 
ENDVELCK 00001 1)01'24A 2310 2265 
ENDVEL 1 ~1)1)01 ooe 1A 1 1816 1717 3443 
ENDVEL2 00001 000lA3 1822 1711 2528 2125 3839 
ENOO04 1)0002 0000F3 1212 0730 
FIRST 00001 000454 4144 4593 4602 
FIR3 00001 000242 2284 2234 
IDLE 1'0001 000003 0364 0572 1149 
IDLE1 00001 001'006 0373 0379 0388 
IDLE2 00001 0006EF' 6359 0404 
IOLE3 (10001 OIJ06F4 6374 6368 
P8iRT6 00002 000253 2338 2478 
PET 001)01 000088 0125 4244 4315 4334 
REOUEST 00001 0000B3 0983 0963 0973 
RESET4 00001 000237 2250 2240 2287 2300 2347 
REWDLYl 00001 0OO4E! 4675 4678 4684 4690 
STOPTAPO 00002 000241 2280 2274 
TACCHT22 00001 01)0 lAS 1828 1257 1506 4634 4658 
TACCOUHT 00001 000116 1842 1263 1665 1828 2206 2649 2688 2694 5594 
TACFAIL 00001 000107 1994 1699 1747 1"967 5556 5559 8781 
TACRDOWH 00001 0001AC 1861 1851 
TACHUP 00001 0001Al 1855 1845 
TIME!!ORE 00001 00024P 2326 2259 
TII!ETAC 00001 00022P 2225 1991 
TI"ETACH 00002 0001D6 1991 1687 3440 
WAITHEBE 00001 00065C 5897 5897 
WAITt)11 00001 00008A 1005 1005 
WAITO 17 1)0001 0001AO 1864 1867 
WItfPAR 00001 000246 2297 2231 
WBDA4 00001 000349 3134 3125 
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Appendix C: Statistical Recording and Analysis 

The maintenance strategy of the 3410/3411 Magnetic Tape Subsystem is 
dependent upon statistical information recorded by the host system. This 
statistical information is used at two separate times in the repair cycle. The 
information is first used by a program called Log Analysis which uses the 
statistics for data reduction and analysis. Later in the repair cycle, if the problem 
is not isolated, the Statistical Information is again used when you are told to print 
and interpret the statistics. 

This section discusses the statistics which are recorded, Log Analysis and its role, 
and the utility programs used to print the statistics. This section assumes that 
you are host system trained, and summarizes information that exists in other 
publications. The recording and processing of statistical information is discussed 
in greater detail in both the OS and DOS libraries. See OS Service Aids, 
GC2S-6719, Chapter 2: EREPO, and the DOS System Control and Service 
Manual, GC24-5056. Read the "Supervisor" section entitled "Recovery 
Management Support Recorder (RMSR)" and "System/370 DOS Volume 
Statistics" and the "Problem Determination" section entitled "The System/370 
Environmental Recording, Exhibiting, and Printing" (EREP) program. 

Additional operating information is contained in the DOS Operating Guide, 
GC24-5022 under the sections entitled "Problem Determination" and "Operator 
Reference Information: Commands and Statements." Message information is 
contained in the DOS Messages Manual, GC24-5074. 

Statistical Information: What It Is and Why It Is Needed 

The performance of the 3410/3411 Magnetic Tape Subsystem is affected by the 
condition of the magnetic tape. During use, tape is stretched, flexed, and rubbed, 
causing its oxide coating to crack or to be eroded. Particles c ~ oxide, fingerprints, 
and dust contaminate its surface, multiplying erosion and breaking contact 
between the tape and the read/write head. 

With statistical information, tape problems can often be separated from device 
problems. Also,'the customer can determine when a reel of tape is causing an 
excessive number of errors and take the proper cor.rective action. 

If the problems are attributed to a device, statistics can determine the cause of 
the problem. Temporary errors can be traced and a deteriorating subsystem 
performance detected. This allows corrective action to be taken before the 
customer experiences serious problems. 

Statistical information is available in two forms: volume statistics and tape unit 
statistics. The statistics' can be obtained in a detail or summary printout. 

Following is an explanation of the detail and summary concepts. 

( (" c ( ( 

Assume five tape volumes, A through E, were used a total of nine times in this 
order: A, B, C, 0, A, 0, C, A, E. The detail printout would contain nine 
entries-three for A, one for B, two for C, etc.-showing the activity (statistics) 
for each use, )"he summary printout would contain five entries, one for each 
volume. The printout would show the three runs with tape A summarized, the one 
run with tape B, the two runs with tape C summarized, etc. The same scheme is 
used for the detail and summary printouts of a tape unit's statistics. 

Statistics: What Is Recorded 

Volume statistics indicate the number, severity, and type of I/O errors that 
occurred while processing a particular volume (reel of tape), thus providing a tool 
to assist the customer in maintaining his library and to assist in determining 
whether a problem is tape or hardware. 

System/360 and System/370, through OS and DOS, and System/3, through the 
Diagnostic Control Program (DCP), provide facilities to record volume and tape 
unit statistics. 

The OS facility is Media Error Statistics (MES), and the DOS facility is Tape Error 
Statistics (TES). The following information i!? recorded whenever: 

1. A volume is dismounted. 
2. A permanent error occurs. 
3. The counter overflows. 

The date the record was collected. (Serial number, CPU 10, and machine 
check extended logout for this CPU). 

The Channel Status Word (CSW). 

The address of the unit on which the volume was mounted and the 
channel to which the unit was attached. 

The device type code for this device. 

The length (in bytes) of the SDR area. 

The physical unit address. 

The number of I/O retries performed before a good read or good write 
operation occurred. 

The number of sense bytes used by this device. 

The volume serial number of standard labeled volumes (blank for 
nonstandard and unlabeled volumes). 
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The block length of each record if the volume has fixed-length blocked 
records. When the type of record is undefined or of variable length, or if 
the program terminates abnormally (ABEND), a zero appears in the space 
allocated for block length. A zero also appears when physical 10CS is 
being used. 

The number of temporary read errors that occurred. 

The number of temporary write errors that occurred. 

The number of Start I/O instructions issued to the tape unit (does not 
include SIOs issued for or during error recovery). 

The number of permanent read errors that occurred. 

The number of permanent write errors that occurred. 

The number of noise blocks encountered (records less than 12 bytes on a 
read operation, or less than IS bytes on a write operation). 

The bit density of the volume (800/1600 for 9-Track tape). 

The number of erase gaps (three inch lengths of erased tape) executed 
while in write error recovery. 

The number of cleaner actions (passing the record in error back and 
forth over the cleaner blade) taken while trying to correct read errors. 

The SOR counter area. 

The sense byte data. 

( 



How Statistical Information Is Used 

Log Analysis (System/3) 

The log Analysis program consists of sections designed to analyze the 
accumulated system/subsystem error log and to determine the most probable 
failure. The message output will, whenever possible, identify the most probable 
field replacement unit (FRU) or, at most, the three most likely FRU's in the order 
of probability. In some cases a condition other than a failed FRU will be identified 
and a suggested corrective action given. If further analysis or a more detailed 
instruction is required the message output will identify a specific MAP entry point, 
or the loading and execution of another diagnostic program. 

On System/3, log Analysis is executed under control of the Diagnostic Control 
Program (DCP). The log Analysis section, FORMAT, reads in the accumulated 
error log and puts it into a more usable form. The errors are cataloged and 
analyzed by section lOGANl in the following sequence: 

PERMANENT ERRORS 

1. Hardware Errors 
2. Adapter Checks 
3. Equipment Checks 
4. Permanent write errors where loop Write to Read failed 
5. Permanent write errors where loop Write to Read passed 
6. Permanent read errors 

TEMPORARY ERRORS 

1. Temporary errors per volume 
2. Temporary errors per unit 

lOGANl begins by interrogating the hardware error table. If any hardware entries 
are found, the specific FRU is isolated and identified. In some cases the hardware 
error indication is due to a probable adapter (attachment) failure. In this case 
lOGANl will call the Adapter Fault locator section. If no hardware errors are 
found, the Adapter Check table is interrogated. If any adapter check entries are 
found, the Adapter Fault locator is executed. If no adapter check entries are 
found, the Equipment Check table is interrogated. If any Equipment Check entries 
are found, the most recent entries are analyzed first. Analysis will find and identify 
the most probable FRU failure or at most, the three most likely. In this manner, 
table analysis continues according to the established sequence. 

If there are no permanent errors and log Analysis cannot identify a probable FRU 
failure, suggest another diagnostic, or a MAP entry, section STEP is called. STEP 
(Statistical Tape Error Printout) will provide the error log with statistics arranged 
by volume and unit for your interpretation. 

(£.'·~.ii 
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Processing Tape Statistical Data 

In System/360 and System/370 the operating systems, OS and DOS, provide a 
program which processes the tape error statistics. In System/3, the program is a 
part of the diagnostic package and runs under the Diagnostic Control Program 
(DCP). The programs are IFCEREPO, EREP, and STEP in OS, DOS and System/3, 
respectively. 

os 
In OS the read and write errors along with all environmental records are recorded 
by the error environment recording program OBR (see Page C-5), and by the 
recovery management programs SERO, SERI, MDR, CCH, and MCH, and by the 
Reliability Data Extractor program ROE on SYSl.lOGREC. 

Use the utility program IFCEREPO to retrieve the selected environmental records 
from the SYSl.lOGREC data set, and to edit and send them to an output device. 

To print statistical information certain keywords must be used in the PARM field 
of the EXEC statement. A summary of the keywords needed to obtain a printout 
follows: 

PARM = 

TYPE=O 

TYPE=O, 
MES=Y 
VOllD=(VOllD1, ... ,VOllD4), 
DEV=3410, 
CUA=xxx,xxx 

Indicates the I/O Outboard records, to be processed. 

MES=Y 

Indicates that error statistics for tape volumes are to be summarized and 
printed. This parameter is only valid for the 3410 and 3420 tape units, 
and when Type=O is coded. 

VOllD=xxxxxx,xxxxxx, 

Indicates specific tape volumes for error statistics processing. A 
maximum of four volumes can be specified. If this parameter is omitted 
and M ES=Y is coded, all volumes are processed. 

DEV=3410 

Indicates that selected record types - indicated in the TYPE parameter -
for all 3410 tape units are processed. Only one tape unit designation can 
be specified. 

0000 I):, ''''-- ) 
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CUA=xxx 

Indicates the specific tape unit, by address, for which selected record 
types are to be processed. A maximum of two tape units can be 
specified. 

0000 o () oooooc 
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There are other parameters which you should know about but may not use 
because the system defaults provide what is needed. The parameters are: 

PRINT, which provides a detail printout, a summary printout, a detail and 
summary printout, or no printout at all. 

PRINT=xx 

PS Provides detail and summary printouts 
SU Provides summary printout only 
PT Provides detail printout only 
NO Suppresses both detail and summary printouts 

System default is PS which provides both the detail and summary printouts. 

ZERO and ACC, which copy the statistical information in the system data set 
on a history tape and then clear the system data set. The information is 
copied on a history tape to prevent overlaying the old information when the 
data set is full. It is usually copied at the customer's option, for example once 
a day, or when a LOGREC FULL message is printed. When these parameters 
are not used, the statistical information is printed out. ZEROY causes 0 (hex) 
of the input data set (SYS1.LOGREC). 

DATE, which prints statistics recorded within a specific time frame. 

DATE=yy.ddd 

where yy is the year (00-99) and 
ddd is the day (001-366) 

System default causes the printing of all statistics in the data set. 

The following table shows examples of what you might request, followed by the 
PARM field to use. In all cases, a detail and summary printout result through 
default. 

Volume Device 
Example All Specific All Specific 

1 -, X 
2 X 
3 123456 
4 181 

Example 1: PARM='TYPE=O, MES=Y, DEVICE=341 0' 

Example 2: PARM='TYPE=O,MES=Y' 

Example 3: PARM='TYPE=0,MES=Y,VOLlD=123456' 

Example 4: PARM='TYPE=0,MES=Y,CUA=181' 

( ( (- c 

A typical JCL statement using the PARM of Example 1 
would be: 

/ /JOBA JOB 

( 

/ / EXEC PGM=IFCEREPO,PARM='TYPE=0,MES=Y,DEVICE=3410' 
/ /SERLOG DO DSNAME=SYS1.LOGREC,DISP=(OLD,KEEP) 
/ /EREPPT DO SYSOUT=A 

DOS 

( 

In DOS the read and write errors per volume and tape unit are monitored by the 
Tape Error Statistics portion of the Recovery Management Support Recorder 
(RMSR). The RMSR records all environmental data on the SYSREC file. The tape 
statistics can be edited and printed or summarized, or the tape error records may 
be selected or summarized from the complete file through EREP. 

The options used to print the statistical information are shown below. 

The EREP options are: 

OPTION TES ,NOTAPE 
,PRINT 
,SUM 
,VOL 

TES 

SELECT FORMAT=TES 
VOL=xxxxxx 
DEVICE=3410 

Indicates that tape error statistics are to be processed. 

NOTAPE 

Indicates that the statistical information is to be printed only; there is no 
transfer of data to the history data set. 

PRINT 

Indicates that the statistics are to be printed in detail form. 

SUM 

VOL 

Indicates that the statistics are to be printed in summary form. 

Indicates that the statistics are for all tape volumes that are to be 
processed. If this 'parameter is omitted the statistics for 2 tape units are 
processed. For the 3410 , to get a specific volume and a specific tape 
unit, use the SELECT option with the appropriate search parameters (see 
following discussions). 

( ( ( ( 

SELECT 

Indicates the type of records that are to be processed. Several record 
types can be specified. Those listed below are the ones you must use. 

VOLUME=xxxxxx 

Indicates the specific tape volumes for error statistic processing. Only 
one volume can be specified. 

DEVICE=3410 

Indicates that the statistics for all 3410 tape units are to be processed. 

CUA=xxx 

Indicates that the statistics for a specific tape unit, by address, are to be 
processed. Only one device can be specified. 

There are parameters, similar to those in OS, which allow the printing of statistics 
recorded in a specific time frame. When the parameters are not used, all the 
statistics in the system data set are printed. 

This table shows examples of what you might request. Check marks indicate the 
type of statistics and printout format you may wish to obtain. Following the table 
are the statements required. 

Example 

1 
2 
3 
4 

Example 1: 

Example 2: 

Example 3: 

Example 4: 

Volume Device Printout 
All Specific All Specific Detail Summary 

X 
X 

X 
X 

/ / EXEC EREP 
OPTION TES,NOTAPE,PRINT 

/ / EXEC EREP 
OPTION TES,NOTAPE,SUM 

/ / EXEC EREP 
OPTION TES,NOTAPE,PRINT,SUM,VOL 

/ / EXEC EREP 
OPTION TES,NOTAPE,PRINT,SUM,VOL 
SELECT=VOLUME 123456 

X 
X 

X X 
X X 

A ndix C .. 3" ' 
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Magnetic Tape Error Summary Utility ($TVES) 

This program provides a printed summary of magnetic tape error statistics by 
volume and by unit. When it is run periodically, it allows the customer to define 
and analyze deteriorating tape or subsystem performance. 

The tape error statistics logged on the CE tracks on disk storage unit Fl-are read 
into core storage. The statistics (counters) are sorted by tape volume serial 
number and tape unit. When all available core storage is filled, or when all the 
statistics have been read from Fl, the system print routine, $$SYP1, prints the 
summary as follows. 

Summary Magnetic Tape Error Statistics by Volume 

Volume 
Serial 

T1T1T1 
T1 

BB1 

* * * * * 

SID Temp Temp Write 
Count Read Write Skip 

00206 0000 0002 0002 
00256 0000 0002 0002 
00040 0002 0001 0001 
00007 0000 0001 0001 

Under volume serial stands for all unlabeled tapes and all 1 st volumes 
(other than last) of a multivolume job with more than 2 volumes/unit 

Under volume serial stands for all nonstandard labeled tapes 

Summary Magnetic Tape Error Statistics by Tape Unit 

Tape SID Temp Temp Write Diag 
Unit Count Read Write Skip Track 

T1 00469 0000 0005 0005 0000 
T2 00014 0000 0001 0001 0000 
T4 00026 0002 0000 0000 0000 

Tape Units which received no SIO commands are not included in the summary. 

The program $TVES is a dedicated program and is loaded from the object library 
of the system or program disk pack. 

/ / LOAD $TVES,xx (xx=address of system 
/ / RUN or program unit.) 

\ 
'-

()--
~. o o o o 

Printout Analysis 

Sample printouts which are available through the utility programs are shown on 
the following pages. 
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SUMMARY OF lie OUTBCARC ENVI~C~MENT RECOPDS FOR OEVI'c OJ~,02 DEVICE TYPE 3410 TU SERIAL N/A 

CAY YEAR DAY YEAR 
eUTBOARD CATE KA~GE - 001 7~ ro 001 70 

TOTAL ~UMBE~ Cf PECORCS 0~2 

VOLUME LABELS E~e(UNTERECIMAXIMJM OF 10 ENTRIESI 

VUL. LABEL CL~e~~ D1l 

CCW CC~~ANC ceeES ENceU~rEKE((MAXIMU~ OF 24 E~TRj~~1 

CM/IoO TCTAL 
03 C02 

SENSE BYTES SU~MARY 

IIYH 0 
CM~D REJ 
INTV REQ 
BUS U (I-K 
EQUIP (HK 
tATA ChK 
CVERRU~ 

IIRO CNT 
HSERVED 

BYTE 6 
RESERVED 
SHORT GAP 
CUAL DE'" 
800 8PI 

SDR AREA 
"'OISE 
VRC 
~TE/LRCR 

EOCICRCR 
E~V CI-EeK 
CVERPU~ 
SI<EW 
HSERVH 

oeD 
DCA 
'.lOa 
~oo 

ceo 
~oo 
COl) 
CO2 

(10" 
00(1 
000 
OOC 

0002 
0l'C2 
ron 
oeC2 
re02 
COCO 
ceoo 
ooco 

BYTE 1 
NUISE 
T L Sf AT A 
TU STAT B 
RESERVELl 
LOAD PT 
.RT STA 
fiLE P~llT 

NOT OP 

BYTE 1 
LAMP fAIL 
LfT CL Cj.K 
RHT Cl CI1K 
RES-DeDK 
eSE 
RES~~VED 
IHSERVED 
IlESERVEU 

RESERVE)) 
"R1 TM CHK 
ERG Clil< 
TACH CHK 
fAL SE ENO 
RESE~VED 
FEEC THKU 

BYTE l 
000 HK EPR 0 
000 TH ~RR 1 
000 TRK EKR 2 
000 TRK ERR 3 
COO TRK ERR 4 
000 HK ERR 5 
002 TPI< ERP 6 
000 TPK ERR 7 

BYTE B 
000 RESERVEC 
tJO FEED THRU 
00) RESE~VEC 

OlD END V CliK 
all TAPE v CI-K 
J)) ST VEL CI1K 
CO) ~ESERVEC 

COl HL ~ETRY 

o,~" EIliC V Cj.K 
00)2 THE V Clil< 
OC12 ST V CHK 
00 )2 RESERVEC 
'Jon VEL RETRY 
can RESERVED 
002 FE Ie CHI< 

~O REULESTEC CPU RECORCED SIIIiCE LAST EDll 

NO KE,LESTEC (CI1 RECORDED ~I~CE ~AST ECIT 

IliO RE~LESTE~ IPL RECCRUEU SINCE LAST ECIT 

NO REOLESTEC TP RECCRDEU SI~CE LAST ECIT 

000 
000 
000 
000 
\100 
ao.! 
OO~ 
DOll 

OOU 
000 
IlOO 
OOC; 
JO.l 
000 
O~) 

OOl 

uOj.l 
OOIl.l 
ClO,)..! 
vOV.l 
OOO~ 
OIl.U 
(100.1 

"ylE 3 
VitI- 000 
IITt/lPCR (01) 

.:lI1\.t:~ on 
cUl-/CRCK 000 
E •• v C..eCK coo 
LOUO BPI M2 
tlACKIoARD 000 
Kc~ER\lEO 001) 

tlAI..KWARD 0000 
dU~ U CHK I)O~O 

ru PUS CHK 0')00 

~YTE 4 
TU PUS CHK 1'1)0 
TU REJECT OlO 
HT "00 
RESERVED <'00 
kESERVEO 000 
0 TRK ERR 002 
TU CHECK COO 
ILL CMNU (lOl 

C I'IJ IIODEL 'Jl 55 
CPU SERI4L 111111 

ayn ~ 

NEW SU~SY 0(\0 
NEW SUdSY 000 
.. RT TM CHK 0110 
PE 10 IIUR 000 
Eku CHECK 000 
TACH ERK 002 
fALSE END 002 
RPQ 000 

DEVICE DE~ENOENT COUNTERS 
TEMP RDS 00004 
TEMP WRTS OOOOb 
SIC CUUNT 032767 
ERASE GAPS 0000" 
CLEAN ACTS 49744 
NOISE RCD 01)004 

c ( ( ( ( ( ( (~ ( ( ( 

--- REtORD ~NTRY SOURCE - OBR TYPE -OUTBOARD IIODEL- 0155 SERIAL NO. lUlll 

as REL. 21 

DEVICE FRI~ARY SECCNOARY PROGRA~ VOLUME MOCE DATE TIME 
TYPE CUA CUA IDHTITY :'EIHAl SET CAY YR HH "'" SS.TH 
)"'10 000.02 COOH2 NI.TS UUMUNt: 112 001 70 1)0 35 54 84 

CC CA FL CT II. CA US CS CT 
fA ILING CCio 03 003450 81) 00 (289 (;:;" OQ ~54320 OC 00 OOMI 

UNIT STAlUS BYTE 0 BYTE "fit: "- BYTE ByTE 4 8YTE " 

ATTENTlCN 0 CMND ~EJECT 0 NOISE 0 TItK !oRR 0 0 VRe 0 TU PUSN CHK 0 NEW SUSSY 0 
STATUS IIODIF 0 IIITV ~E~UEST 0 TI. STAT A 0 fltr. (;RK • 0 "'TE/LRCR 0 TU REJECT 0 Nt:W SUSSY 0 
CCIIT U~ ENC 0 8lS Cl;T CHK 0 TU STAT B 0 IRr. ('RK "- 0 SI<EII I EOT 0 WRT TM CHK 0 
BUSY 0 EQUIP CHK 0 RESERVED 0 fltK cKR j 0 EDC/CRCR 0 RESERVED 0 PE 10 8UR 0 
CHA,..,..EL E/IoO 1 CAlA C"eCK 0 LCAO PCINT 0 Tltr. ;;KK 4 0 ENV CHECK 0 RESERVED 0 EJ{G CHECK 0 
DEVICE END 1 CVERRI.II 0 WRI TE STA 0 [ltr. ~RR !> 0 1600 IIPI 1 DUG TRK EJ{R I TACH CHK 1 
UNIT CHCK 0 "RO CCUNT 0 FL PROT 1 lRK cKK 0 0 8ACKWARD 0 TU CHECK 0 FALSE END CHK 1 
UN IT EXCEP 0 ~ESERVED 1 ,,"OT CAPABLE 0 TII.r. t:itK 7 0 RESEItVEO 0 ILLEGAL CM,..O 1 RPQ 0 

BYTE I> BYTE 8YTE 8 

IIESERVEC 0 LAMP FAIL 0 RESERVED 0 
SHORT GAP 0 LEFT CCl CHK 0 FEED HRU 0 
CUAL CE~ 0 RHT CCL CHK 0 RESERVED 0 
eoo BPI C RES-DCCR 0 E/IoD VEL CliK 0 

DSE I TAPE VEL CHK 1 
"CCEL 3 RES ERVEC 0 ST VEL CHK 0 

~ESERVED 0 RESERVED 0 
RESERVEC 0 vEL RETRY 1 

SDR AREA DEVICE DEPENDENT INFORMATION 

NOISE COlli RESERVEC cO')o TApE VIOL (.HI<. 0001 BLOCK LENuTH 1)0016 
VRC OOCI IoRT T14 CHK 0001 S1 VEL I.HI<. 0001 PE 10 CHK TEMP RUS 001)4 
'TE/LRCR COCI ERG CHCI<. 0001 RE:it:Rveu OMI TEIIP WRTS 0001> 
EDC/CRCR COCI TACh CHK 0001 RESf:RvEU OeOI TRK IN ERR 011111111 SIC ClIUNT 32767 
ehV ChECK OMI FALSE ENO CHK OIJOI VEL Rt:TKY 0001 ER4SE GAPS OOO~I> 

CYERRUN eooo RESERVEC coo 1 RE;'cRVi:U 00'11 BACKIoARD 000., CLEAN ACTS 0(1 crJ 7 
SKEW coeo FEEC THItU COOL RESERVcU oeco BI.S OUT CHI( 00031' 
RESERvED COCO RESERVEC OOCO ~E:'cRVi:U OOM TU PCSN CHK 000') 

hEX CU~F OF RECORt 
"UCER 30 15C 800 COOCOOOO OC70001F OOj!>"'tcl4 OCll1111 ")1550000 

CCOO C5EIoE3E2 ItOlt04040 030C3450 80000289 00~5U21 OCOOO069 030003<;2 00008003 
0020 14000202 OCOeCOl8 C4E4D4DI> U"I..,OO.o 00000000 040l>1FFF 02030402 0006,)007 
001t0 ceo 1010 I 01010000 80FFllll 11011111 0100tlOOO IJ 10200 24 05060208 09 
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Q BYTI:: 0 BYTE 1 
dYTt: 
01100010 NOISE U RESERVED 

WL:{ 0 CMND REJ 
Ui'il T EXC U BCK LP PT 

Vt)lUMI:: OArA Ct1K 1 ~J VeL CK 
M4l72 OIA TK ER Q ILL eMU 

NO UP 0 Tu STA Cli 
R EQUIP ~HK 0 wKD CNT 0 
UYTI:: SENSE VAL 1 NOT CAP 
OOOOaGOO 

BYTE 6 eYTE { HYTt: d 

LAMP FAll 0 TKK CR.R 0 0 kESERVED 
TP dCJT L~ 0 TkK ERR 1 0 ASI PAR 
TP bOT RH 0 TRK ERR 2 0 ABO pAR 

KESeT KeY 0 Tr~K i:KR 3 0 CU Oil 
OSE: 0 TRK. [KK 4 1 2- TAG ERR 
i{ESERVED 0 Ti{K ERR S 0 CU BUSY 
RESi:RVED 0 IRK EKR 6 0 SEQ I:R 
kESI:RVt0 0 T"K tKR 7 0 SEN INVAL 

Q BYfi: 0 fj YTE 1'-
BYTe 
01110010 f'..1[J I SE 0 RESERVED 

WLR () LMND REJ 
UNIT EXC 0 b~K LP PI 

VOLUi'1E DAT~ CHi\. 1 sr vel CK 
M't272 OIA TK iR () ILL t;MO 

I-.JD UP a TU STA CH 
R EQUIP CHK () WRO eNT (j 

BYTt S'EiIlSE VAL 1 NOT CAP 
uooooooo 

iHTt 6 BYTE -, HYTE d 

LAMP FAIL 0 Ti{K ERR 0 0 RESERVED 
IP HOT If 0 TRK ERR 1 0 ABI PAR 
TP BUT KH 0 TRK ERR 2 0 ABO PAR 
RESET KEY 0 TRK EkR 3 0 CU OIL 
DSE a TRK ERr<. 4 1 2 TAG ERt<. 
Rt:StrWEU 0 TRK ·EKK 5 0 CU BUSY 
RESERVED 0 TRK ERK 6 0 SEQ Et{ 
RESERVfD 0 TRK ERR 7 a SEf'4 INVAL 

II) FFOU. PKlJG -lt30-0l. SSwS 
DC P-SEC T 10,\4 TERMINATED •. 

r~ 

I"j) 
,"-'.", 

, , 
\....y 

.. 

::) C) 0 

PERMANENT 

BYTE 2 

0 BAC.K.WARD 
0 N FILE PT 
a EOT 
0 Bor 
0 wRT STAT 
0 STARl KY 
0 UNIT CHK 
0 NOr BUSY 

MYTE 9 

0 ADO our 
0 S':K our 
0 CMNO OUT 
0 AuO I I" 
a SEi'\ IN 
0 CMNO IN 
0 STAT j~ 

0 RESEKvi:U 

P E:{MANi:NT 

BYTE 2 

a BACK.WARD 
0 N FILE PT 
0 EOT 
0 30T 
0 WRT STAT 
0 START KY 
0 UNiT CHK 
0 l-JOT BUSY 

BYTE 9 

0 ADO OUT 
0 SER OUT 
0 CMND UUT 
0 AUD IN 
0 StK IN 
0 Ci"'ND IN 
0 STAT IN 
0 RESERVED 

000 

ERROR DATE 02/10/72 D 
clYTE 3 BYTE 4 

0 TM CHECK 0 RE~ERVEO 0 
1 ED VEL CK 0 SHT GAP 0 
(J TU POS CK 0 DUAL DeN 0 
() I{f.:JI::CT TU 0 NRII DI::N 0 
1 WR FED CK 0 TU MODEL 0 
1 TP VEL CK 0 TU MODEL 0 
0 TACH FAIL 0 Tu MODEL 0 
1 OVERRUN 0 TU MODfL 1 

0 
0 
U 
0 
0 
0 
0 
0 

i:RRUi{ DATt 02/10/72 D 
bYTE 3 BYTE 4 

U TM CHECK 0 RESE!WED 0 
1 EO VEL CK 0 SHT GAP 0 
0 TU POS CK 0 DUAL DEN 0 
0 Kf:JECT TU 0 NRlI DE.~ () 

1 wR FED CK 0 TU MODEL 0 
1 TP VEL CK 0 TU MODt:L 0 
J TACH FAIL 0 TU MODEL 0 
1 OVERRuN a TU MODeL 1 

0 
0 
o. 
0 
0 
0 
0 
a 

000 o C) 

dYTE 5 

RESERVED 0 
MTE/LRCR 0 
()ATA T ER ·0 
EOC/('RC 0 
ENV CK 1 
FALS E MK 0 
PI: ID CHK 0 
VRC ERROR 1 

ciYTl: 5 

RESERVED· 0 
MTE/lRCR 0 
OAT.' T ER 0 
t:DC/~KC 0 
ENV CK 1 
FALS 1: MK 0 
PE 10 CHK 0 
vRC ERROR 1 

\,. ./ o () 0·· ,0 
... ' ,,--Y 

The example printout for System/3, in the area of 
summary and detail by tape un'it and detail by volume, 
have one position reserved for tape unit address. To 
accomplish this the address portion of the Q byte is 
shifted left and the results follow: 

Address Command 

01100 010 TUO = C 
01101 010 TU1 =' 0 
01110 010 TU2 = E 
01111 010 TU3 = F 

The Q bytes are shown in the upper left corner of the 
permanent error printout. The volume in error is right 
below the Q byte. 

This example was run on a System/3 and the error 
indicates two permanent error logouts. After analyzing 
all available data the conclusion is that the error is 
probably track four on tape unit E. 

The method for determining the error follows: 

II 

,0 0' 0 ",-Y "'--" j 

The permanent errors indicated both tape units C 
and E had failed, however the same volume 
(M4272) is shown in error on both tape units. A 
premature conclusion might be that volume M4272 
is the source of the error. Further analysis will 
change this conclusion. 

o f) 
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10 OFOv. PRllG 1140-01. SSwS 
SUMM4RY TAPE ERROR 5T4TISTICS BY 

VOLUME SltJ MKIT TEMP TEMP 
CNT SKIP WRll -RUF. 

04920 00005UC4 00000000 00000000 00000000 
04909 000050C4 00000000 00000000 00000000 
04463 OOOO185A OuOOOOOO 00000000 00000000 
D4616 OOvOlB~A 00000000 000110000 00000000 
05020 OOu021:E2 00000000 ooooooao 00000000 
OS019 00002£E2 00000000 00000000 00000000 
04b99 000050C4 00000000 00000000 00000000 
04372 0OO038A~ 00000009 00000009 00000000 
05015 000020£4 00000001 00000001 00000000 
05014 OUOOAd':>4 OuOOGOOI 00000001 00000000 
04-' 13 0000(168 JOOOOO05 00000035 00000000 
D4blO 00001478 00000000 00000000 oooouooo. 
J4B90 00003664 00000000 00000000 00000000 

DETAIL TAPE ERROR STATISTICS BY 

VOLUME UATf Q Sh. WRIT TEMP TEMP TEMP OEN-
CNT SKIP WRIT ROf ROb SITY 

04920 021072 [ 2EE2 00 00 00 04 1600 
021072 1: 2Ef2 00 00 00 02 1000 

04909 021012 E 2EE2 00 00 OD 04 1600 
021072 () 2E£2 00 00 00 01 1600 

04463 021112 J) lE~SA 00 00 OJ 01 1600 

D4b16 021172 0 IB5A 00 00 00 02 1600 

05020 021112 E 2EE2 00 00 00 01 1000 

05019 O.ll172 E 2f£2 00 00 00 01 1600 

04899 021172 E 2EE2 00 00 00 02 1600 
021112 f 2E1:2 00 00 00 03 1600 

04372 020872 t 38AS 09 09 00 03 1600 

a5frl~ 020812 0 20t:4 01 01 GO 00- 169G 

05014 020912 F 381C 01 01 on 00 1600 
020972 E 381C 00 00 00 06 1600 
020972 E 381C 00 00 00 02 1600 

04313 02097,2 E 39A1 00 00 00 07 1600 
020972 E 39Ed 05 05 00 00 1600 
020912 E 39E8 00 00 00 04 1600 
020972 E 391:8 00 00 00 02 1600 

04bl0 020972 E 3A3C 00 00 00 03 1600 
02~72 E- 3AK 90 GO 00 W lOOO 

J4d90 021572 C 185A 00 00 00 02 1600 
021512 C 185A 00 00 00 01 l.ftOO 

VOl.UM: 

TEMP 
ROB 

00000006 
00000005 
00000001 
00000002 
00000001 
0.00.00001 
00000005 
00000003 
00000000 
00000008 
00000000 
o~ooos 

00000003 

VuLUME 

I)fV RLOK 
TYP LiliTH 

01 0600 
Gl 0800 

01 0800 
01 0800 

01 OdOO 

01 0800 

01 0800 

01 0800 

01 0800 
01 0800 

01 0800 

~ 980& 

01 0800 
04 0300 
01 0800 

01 0800 
01 0800 
01 0800 
01 0800 

01 0800 
G-l Q800 

01 0800 
Gl 0800 

(/ ( 

II 
NOISE 

00000000 
00000000 
00000000 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
uooooooo 
00000000 
oooooaoo 
00000000 

11 
NOISE 

00 
00-

00 
DO. 

00 

01 

00 

00 

00 
00 

00 

00 

00 
00 
00 

00 
00 
00 
00 

00 
OQ. 

00 
00 

( c 

• 

II 

( ( ( ( 

The summary of Tape Error Statistics by volume 
shows no errors on volume M4272. 

The detail by volume shows no error records for 
volume M4272. Tape Unit E shows more errors on 
other volumes. 

Appendix C 7 
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SUMMARY TAPE ERROR STATISTICS BY TAPE UNIT II 
"---ii:t--~lo-· -- ----.tRH--l~ . T-€-M-P----ffKP-tt-l-IrG----f-APE---fA-9-t----NO . OVER- SHIH MWlT ENe EHVP. fl.Si PEle VRG G.~&& 

CNT SKIP WRIT ROf R08 TRAK VEL MARK R08D RUN GAPS TRAK DATA CtlEt( END 8ftST ERR TALK! 
C 00003684 0000 0000 0000 0003 0000 0000 0000 0000 0000 0000 0000 0002 0000 0000 0000 0002 oooo~ 
B OG0093-1A OO(H- 0001 0000 OO~4 OGOG 0001- OOGO--OOOO-· ~-~--00900002 009-1-- OOOO·--OOQ-l- ·--0091 0099 
E 00034CEB OOOE OOOt 0000 002E 0000 0000 0000 0000 0000 0000 0002 0002 003C 0000 0000 0038 0000 
F 00003b1C 0001 0001 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0001 0000 0000 0001 .0000 

.---------------------~ 

----- II 
DETAIL TAPE EKROR STATISTICS BY TAPE UNIT 

._-- .----... _----.. _-- _ . -- _. _. W"."·'· __ .,-- ... - ......... ........ -- •.... -- -,'--'.' ...• _-_. --_ .. - .-~ .. -, .. -.- ... 
w •• _ • __ • ____ • __ • __ ._ •••• _. _____ .. ___ • __ ._._ •• ____ • ____ 

Q DATE S10 OEN- BLOK NV N WS TW TR TR or· SV EV TM CT NB OR SG MTE EO EC FE PB 'IE TIE 
CNT SITY lNTH 00 0 RK ER EO EO IR. TE NE AA RA OA VU HA URR NA NH LN ER RR 8YTE 

---_ ... l I TI PH MF MS-4A Rl Ot PR Sl- RC EN RP !;-AR- 9J--ve----5{) --I S G-R J-R~-- -.. -
S S p P .p P GI< T EK 5K OK R TS TK A PK E OT 01234567 

C Oll-51l- 16SA-1-600-G-6W-&l--OO 00 0000- -G-2--00-00-00·{}G- GO- 00-OO---9Q-0090-G-l----GG--9G--* 91 9Ql·QQQ9Q, 
C 021572 lS5A 1600 0800 01 00 00 00 00 01 00 00 0000 00 00 00 00 0000 01 00 00 00 01 00010000. 

----tt--{}ll112 IB5A 1600 0800 01 00 00 00 00 01 00 00 00 00 00. ·00 00 0{) OOGO 0-1- ·00·--00 00 -00- ()(){}99()00-
o 021172 165A 1600 0800 01 01 00 00 00 02 00 00 00 00 00 00 00 00 0000 01 00 00 00 00 00000000 
o 020872 2DE4 1600 0800 01 00 01 01 00 00 00 01 00 uO 00 00 00 00 0000 00 00 00 01 00 00000000 

----fro 02101l-lffl--i600 t}-8-OO- ttl-- 66-- 00 00 GO {H -&e. 00 09-0~ ·OO--Oa--OO--~· 9000 00 01 00 00 0*- 09000100 

E 021072 2EE2 1600 0800 01 00 ob 00 00 G' 00 00 00 00 00 ~O 00 00 0000 00 04 00 00 04 00004000 ' 
---E--62-HHl- -2-EE2 ItJOO 0&00 01 00 00 00 00 {}4 00 -0-0- 00 OO-OO-OO-()O<H}--~---9-0----04--·-9G--OO--Q.4.-·00001100: 

E 021172 2EE2 1600 0800 01 00 00 00 00 01 00 00 00 00 00 00 00 00 0000 00 01 00 00 01 00001000 
E 021172 2EE2 1600 0800 01 00 00 00 00 01 00 00 00 00 0000 00 00 0000 00 01 00 00 01 00001000 
t: 021--1-12 2EEr l-Qt1t}---<TbOO--61-00-00--OO00it.200 -0000 o-e----oa---OO-OO-OO--OOOO 00 92 90 -00-02 09092000 
E 021172 2EE2 1600 0800 01 00 00 00 00 03 00 00 00 00 00 00 00 00 0000 00 03 00 00 03 00003000 
E 020872 38A5 1600 0800 01 00 09 09 00 03 00 00 00 00 00 00 00 00 0001 01 OC 00· 00 OB 00008000 

-~-i}iO'}n ¥tA-? l600 O(jOO Ol 00 (){) -00 00 07 Oil-OO 00 0-& 00 00 00 00-00-9&00-91 00---00--9-1'- 99097090 
E 020912 3A3C 1600 0800 01 00 00 00 00 03 00 00 00 00 00 00 00 00 0001 01 03 00 00 03 00002000 
E 020972 3A3C 1600 0800 01 00 00 00 00 02 00 00 00 00 00 00 00 00 0000 00 02 00 00 02 00002000 
E 020972 39EB 1600-iHW{}- tJi. 00- -&5-- 65-t}6--t7&--oo-oo- 00·-00 00 --6-&----00-- 06 Oa60 06 os 06 00· OS OQQQ~"~Q, 
E 020972 381C 1600 0800 01 00 00 00 00 06 00 00 00 00 00 00 00 00 0000 0006 00 00 06 00006000: 
E 020972 381C 1600 0800 01 00 00 00 00.02 00 00 00 00 00 00 00 00 0000 00 02 00 00 02 00002000 

---~0-912· 39E-d 160{}OaOO 01 00 00 00- eo 04 (){). 60 0-0 00- w---oo- 00---&9---&000--00- ~--OO--OO-&4-- 00094000' 
E 020912 39EH 1600 0800 01 00 00 00 00 02 00 00 00 00 00 00 00 00 0000 00 02 00 00 02 00002000 
E 021072 2EE2 1600 0800 01 00 00 00 00 02 00 00 00 00 00 00 00 00 0000 00 02 00 00 02 00002000 

-------_ .... --_._. __ .. _---._._- - _._-- ---- ---. -_._. ----- -- -_. -_.- ------ --_._._---------.--
f 020912 381C 1600 0800 01 00 01 01 00 00 00 00 00 00 00 00 00 00 0000 00 01 00 00 01 00010000 
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• The summary by tape unit analysis indicates that 
the predominate errors are on tape unit E. The SIO 
count is high compared to other tape units, 
therefore the error count would be higher and is 
inconclusive. Also note that tape unit C, one of the 
units with a permanent error recorded, shows 
practically no errors at all. 

iii The detail Tape Error Statistics. by tape unit shows 
that there are only two failures on tape unit C and 
tape unit E has the highest count of failures. 
Analysis of tape unit E TIE byte shows track four 
consistently has more errors, concluding that track 
four, tape unit E is the error. 

The permanent error on tape unit C with the same 
volume (M4272) is only a coincidence. 

0 0 0 0 0 0 0 r 
~ 
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--- RECORD ENTRY SOURCE - CBR TYPE -OUTBOARD MODEl- 0145 SERIAL NO. 010528 RELEASE 21 

DEVICE 
TYPE 
3410 

D 
FAILING CCW 

UNIT STATUS 

ATTENTION 
STATUS MODIF 
CONT UN END 
BUSY 
CHANNEL END 
DEVICE END 
UNIT CHECK 
UNIT EXCfP 

BYTE 6 

RESERVED 
SHORT GAP 
DUAL OEN 
900 BPI 

MODEL 

SDR AREA 

NOISE 
VRC 
~TE/LRCR 

EDC/CRCR 
E~V CHECK 
OVERRUN 
SKEW 
RESERVEC 

PRIMARY 
CUA 
OOOlAl 

CC DA 
01 040918 

BYTE 0 

SECONDARV 
CUA 
0003Al 

FL CT 
20 00 03EC 

II 
a CMNO REJECT a 
a INTV RE~ 1 
o BUS OUT CHK a 
o EQUIP CHK 1 
1 DATA CHECK 1 
1 OVERRUN a 
1 WRD COUNT 0 
a RESERVED 0 

BYTE 7 

o LA~P FAIL a 
1 LEFT COL CHK a 
a RHT COL CHK 0 
o RDY/RST 0 

OSE a 
3 RESERVED 0 

RESERVED 0 
RESERVED a 

RESERVED 

PRGGRA~ 

IDENTITY 
OSCDS 

BYTE 1 

NCISE 

II 
II 

TL STAT A 
TU STAT B 
RESERVED 
LOAD POINT 
WRITE STA 
FL PROT 
NOT CAPABLE 

BYTE 8 

qESERVED 
FEEC THRU 
RESERVEO 
ENC VEL CHK 
TAPE VEL C\-OK 
Sf VEL CHK 
RESERVED 
VEL RETRV 

0001 
0011 
OOCI 
0001 
0011 
0000 
OOCO 
0000 

WRT Tt-1 CHK 
ERG CHECK 
·TACH CHK 
FALSE ENC CHK 
RESERVED 

cccO 
0000 
COOO 
ccco 
coco 
0000 
ccco 
CCCO 

FEED THRU 
RESERVED 

HEX DUMP OF RECORD 
HEADER 30150800 ccocoocc CC12103F 

0000 
C020 
e040 

D6E'2C4D6 
14C003Al 
01010801 

E2404040 
OOCOOOO<; 
010BOOOO 

01040Q18 
C5D4E4F3 
COC;BCCCO 

1 
a 
1 
a 
a 
a 
1 
a 

o 
o 
o 
a 
a 
a 
a 
a 

VOLUME 
SERIAL 
EMU3Al 

BVTE 2 

CSW 

TRK ERR 0 
TRK ERR 1 
TRK ERR 2 
TRK ERR 3 
TRK ERR 4 
TRK ERR 5 
TRK ERR 6 
TRK ERR 1 

TAPE VEL CHK 
ST VEL CHK 
RESERVED 
RESERVED 
VEL RETRY 
RESERVED 
RESERVED 
RESERVED 

200003EC 
C1FIOOOO 
eeocceeo 

MODE 
SET 
CB 

DATE 
DAY YR 
103 12 

K CA US CS CT 
OE 00 01A4 00 0408CO 

BYTE 3 

o VRC 1 
a ~TE/LRCR 1 
o SKEW a 
o EDC/CRCR 1 
o ENV CHECK 1 
o 1600 BPI 1 
1 BACKWARD C 
1 RESERVED a 

TIME 
tiH ",M SS.TH 
lq 52 4q 49 

BYTE 4 II 
TU POSN CHK 
TU REJECT 
ECT 
RESERVED 
RESERVED 
CIAG TRK ERR 
TU CHECK 
ILLEGAL CMND 

o 
I 
o 
o 
o 
o 
o 
o 

BYTE 5 

NE~ SUBSY 
NEW Suesy 
WRT T", CHK 
PE 10 BUR 
ERG CHECK 
TACH C ... I< 
FALSE END 
RPQ 

o 
1 
o 
o 
c 
o 

CHK 0 
o 

DEVICE OEPENDENT INFCRMATION 

COOO 
ecoo 
0000 
COOO 
CCOO 
COOO 
0000 
coco 

PE 10 CHK o 

TRK IN ERR 010011011 

BLCCK LENGTH 
TE"'P RDS 
TEMP WRTS 
SIC COUNT 
ERASE GAPS 
CLEAN ACTS 

00000 
0000 
0010 
0C1E:34 
00010 
00000 BACKWARD 

BUS OUT CHK 
TlJ PCSN CHK 

ceoo 
CCOO 
0000 

00010528 

000408CO 
00000000 
OOCOOOOO 

014500CO 

OEOC01A4 
000A25A2 
58A203DC 

030003Al 
OOOOOCCB 
40404200 

34208003 
OOOACCOO 
CO 

( ( ( 

This example is used to analyze a customer reponed 
problem of occasionally dropping READY. The printout 
verifies that the customer information was accurate and 
also leads us to a conclusion regarding the problem. 

The printout was analyzed as follows: 

D The failure occurred during a write operation. 
Failing CCW Qp Code 01 

II Taking a quick scan of the sense data to find a 
possible cause for the error it appears byte 1 bit 2 
(TU Stat B) is significant as it indicates a loss of 
READY. 

II In byte zero, INTERVENTION REQUIHED is also on, 
which indicates that the operator had to do sOllle 
manual operation, such as make the tape unit ready. 

II In byte 1, the FILE PROTECT bit is on which 
indicates that there is no ring in the tape reel, or the 
unit is not ready. 

II In byte 4, TAPE UNIT REJECT is on which indicates 
that READY dropped while tape was in motion. 

The above indications show that the tape unit clropfJed 
READY white doing a write operation. All other error 
conditions are a result of dropping READY dunn\} the 
write operation. 

Possible causes for dropping READY are sometime!> 
shown in Byte 7, but in this case there are none. SitKe 
TAPE UNIT CHECK is not on and TAPE UNIT REJECT 
is on, a possibility is that someone hit the Reset key or 
the door interlock opened. 

Appendix C 9 
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--- RECCRD ENTRY SOURCE - OBR 

DEVICE 
TYPE 
3410 • FAILING CCW 

UNIT STATUS 

ATTENTION 
STATUS .. ODIF 
CONT UN END 
BUSY 
CHANNEL END 
DEVICE END 
UNIT CHECK 
UNIT EXCEP 

BYTE 6 

RESERVED 
SHORT GAP 
DUAL DEN 
800 BPI 

MODEL 

PRJMARY 
CUA 
000381 

CC DA 
02 031FCit 

BYTE 0 

SECONDARY 
CUA 
C00381 

FL CT 
00 00 0064 

o C"ND REJECT 0 
o INTV REQUEST 0 
o 8US OUT CHK 1 
o EQUIP CHK 0 
1 DATA CHECK 0 
1 OVERRUN 0 
1 WRD COUNT 0 
o RESERVED 0 

BYTE 1 

o LAMP fAIL 0 
o LEFT COL CHK 0 
o RHT COL CHK 0 
o RES-DOQR 0 

DSf 0 
1 RESERVED 0 

RESERVEC 0 
RESERVED 0 

TYPE -OUTBOARD MODEL- 0145 SERIAL NO. 010528 

PROGRAM 
IDENTITY 
estos 

VOLUffE 
SERIAL 
SYSIN 

MODE 
SET 
CB 

DATE 
DAY YR 
123 12 

K CA US CS CT 

TIME 
HH , .. SS.TH 
15 51 34 11 

CSW 00 031550 OF 40 0064 

BYTE 1 

NOISE 
TU STAT A 
TU STAT B 
RESERVEO 
LOAD POINT 
WRITE STA 
FL PRCT 
NCT CAPABLE 

BYTE 8 

BYTE 2 

o TRK ERR 0 
1 TRK ERR 1 
o TRK ERR 2 
o TRK ERR 3 
o IRK ERR 4 
o TRK ERR 5 
o TRK ERR 6 
o rRK ERR 1 

RESERVED 0 
FEED-THRU 0 
RESERVED 0 
END VEL CHK 0 
TAPE VEL CHK 0 
ST VEL CHK 0 
RESERVED 0 
VEL RETRY 0 

BYTE 3 BYTE 4 

o VRC o TU POSN CHK 
o "TE/LReR o TU REJECT 
o SKEW o EDT 
o EDC/CRCR o RESERVED 
o ENV CHECK o RESERVED 
o 1600 BPI 1 DIAG TRK ERR 
o BACKWARD o TU CHECK 
o RESERVED o ILLEGAL C .. NO 

o 
o 
o 
o 
o 
o 
o 
o 

REL~ASf 21 

BYTE 5 

NEW SUBSY 
NEW SUBSY 
WAT T.. CHK 
PE-tO BUR 
ERG CHECK 
TACH CHK 
FALSE E~C 
RPQ 

o 
o 
o 
o 
c 
o 

CHK 0 
o 

In this example, the customer reported a permanent I/O 
error. The OBR was logged because of UNIT CHECK in 
the status byte. A quick scan of the other sense bytes 
shows that only BUS OUT CHECK (byte 0 bit 2) is set. 

• The failing command code is 02. a Read command. 

II The BUS OOT CHECK is set on a data or command 
byte transfer to the tape control. Since this is a 
Read Command the BUS OUT CHECK could only 
have happened on a command byte transfer during 
initial selection. 

The failure appears to be an ABO parity error during 
initial selection of the read operation. For a possible 
solution see the MAPS section of the MM. 

Start at tape control entry 360/370. page M020 
and assume the system is not available to run 
diagnostics. Exit to M02l (a customer reported 
problem, an OS/DOS error message. and the 
system is not availabfe to run diagnostics). On 
AA021 see 0 message (BUS OUT CHECK). The 
codes are explained starting on page AA026. Code 
o shows possible causes of the error. 

SDR AREA DEVICE DEPENDENT INFCR .. ATION 

NOISE 
VRC 
MJE/LRCR 
EDCICRCR 
ENV CHECK 
OVERRUN 
SKEW 
RESERVEC 

0000 
0000 
OCOO 
0000 
0000 
0000 
0000 
0000 

HEX DUMP OF RECORD 
HEADER 30150800 

0000 
C020 
0040 

06E2C4C6 
14000381 
01COOOOO 

r-"" ;'f-, 
Y ""----;! 

RESERVED 
NRT Tft CI1K 
ERG CHECK 
TACH CHK 
FALSE END CHK 
RESERVED 
FEED THRU 
RESERVED 

cccooeoo 

E2"04040 
cce00018 
ccccocee 

ccoo 
0000 
COOO 
CCCO 
COOO 
eooo 
CCCO 
ecec 

e01~123F 

02031FC4 
E2E8E2C9 
01COCCOI 

TAPE VEL CHK 
ST VEL CHK 
RESERVED 
RESERVED 
VEL RETRY 
RESERVED 
RESERVED 
RESERVED 

15513411 

00000064 
05400000 
ecceccoo 

CCOO 
CCOO 
0000 
COOO 
ceco 
0000 
0000 
ceoo 

PE 10 CHK 

TRK IN ERR 

BACKWARD 
iUS OUT et:K 
JU peSN CHK 

o 

100COOOOO 

ecee 
0001 • 
0000 

00010528 014500eo 

BLeCK LENGT'" 
TE'P ROS 
TEflP WRTS 
SIO COUNT 
ERASE GAPS 
CLEAN ACTS 

COOOO 
0000 
COOC 
coeC9 
00000 
00000 

oe031550 
qOQOOOOO 
oeoeOOl0 

OF4ce064 
00e00009 
20400004 

03e00381 
eocooeCB 
00020000 

34008003 
cococooo 
00 

000 000 00 (.-.~ .. 
\) 

~ .. ) 
\ . 
\ , o 00 o 00 OOOOOOO( 
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--- RECORD ENTRY SOURCE - OBR 

DEVICE 
TYPE 
11t10 

II 

PRIMARY 
CUA 
000381 

SECONDARY 
CUA 
000381 

FL CT 

( ( ( (-

TYPE -OUTBOARD 

PROGRAM 
IDENTITY 
CSOOS 

VOLUME 
SERIAL 
SYSIN 

( (' ( 

MOoEL- 01"5 

MODE 
SET 
CB 

K CA 

" " .------- -- ""~----

( (~/ C (- ( 

SERIAL NO. 010528 

DATE 
DAY Y~ 
123 12 

TIME 
HH f'''' SS.TH 
16 C5 09 lit 

(- C {:'(' ( ( 

RELEASE 21 In this example, the customer reported two permanent 
read errors on two different tape units using the same 
tape volume. 

• The failing command code is 02, a Read Command. 

fAILING CCW 
CC DA 
02 031FCit CO CO 006,. CSW 00 031550 

us CS CT 
OE 00 0000 

• The OBRs show that there are two tape units 
involved, 000381 and 0003AO, and the tape 
volume is SYS IN. 

UNIT STATUS 

ATTENJI ON 
STATUS MDDIF 
CaNT UN END 
BUSY 
CHANNEL END 
DEVICE END 
UNIT CHECK 
UNIT EXCEP 

BYTE 6 

RESERVED 
SHORT GAP 
DUAL DEN 
800 BPI 

MODEL 

SOR AREA 

0 
0 
0 
0 
1 
1 
1 
0 

0 
0 
0 
0 

1 

8YTE 0 

C,.NO REJECT 
INTV REQUEST 
8US OUT CHK 
ECUIP CHK 
DATA CHECK 
OVERRUN 
WRC COUhT 
RESERVED 

BYTE 1 

LAMP FAIL 
lEFT ceL CHK 
RHT COL CHK 
RES-DOOR 
DSE 
RESERVED 
RESERVED 
RESERVED 

NOISE 0001 RESERVED 

0 
0 
0 
0 
1 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

VRC 0000 WRT TM CtiK 
MTE/LRCR OCOO 
EOC/CRCR 0000 
ENV CHECK 0000 
OVERRUN 0000 
SKEW 0000 
RESERVEC 0000 

HEX DUMP Of RECORD 
HEADER 30150800 

COOO D6E2C4D6 
C020 Ilt000381 
0040 OIOIOOCO 

ERG CHECK 
TACH CHI< 
FALSE END 
RESERVED 
FEED THRU 
RESERVED 

cceooooo 

E21t04040 
ceCOOO18 
cceccoce 

8YTE 1 8YTE 2 

NOISE 1 TRK ERR 
JU STAT A 1 TRK ERR 
TU STAT 8 0 TRK ERR 
RESERVED 0 TRK ERR 
LeAD POINT 0 TRK ERR 
WRITE STA 0 TRK ERR 
FL PRCT 0 TRK ERR 
NOT CAPA8LE 0 TRK ERR 

8YTE 8 

RESERVED 0 
FEED THRU 0 
RESERVED 0 
END VEL CHK 0 
TAPE VEL CHK 0 
ST VEL CHK 0 
RESERVED 0 
VEL RETRY 0 

0000 TAPE VEL CHK 
0000 ST VEL CHK 
0000 RESERVED 
ceo a RESERVED 

Ctil< nooo VEL RETRY 
0000 RESERVED 
COCO RESERVED 
COCO RESERVED 

C072123F 1605091,. 

020J1FC4 000e006,. 
E2E8E2C9 05400000 
01ceOOOl eoococco 

BYTE 3 BYTE " 8YTE 5 • The track-in-error in both OBRs is track 4. 

0 0 VRC 1 TU POSN eHK 0 NEtt SUBSV 0 
1 0 .. TE/LRCR 0 TU REJECT 0 NEW SUBSV 0 
2 0 SKEW 0 EOT 0 WRr 'fl CtiK 0 
3 0 EDC/CRCR 0 RESERVED 0 PE 10 BUR 0 
4 1 ENV CHECK 0 RESERVED 0 ERG CHECK 0 
5 0 1600 BPI 1 CIAG TRK ERR 0 TACH CHK 0 
6 0 8ACKWARD 0 TU CHECK 0 FALSE Etit CtoK 0 
1 0 RESERVED 0 ILLEGAL CMNo 0 RPQ 0 

DEVICE DEPENDENT INfCR'ATION 

COOO BLeCK LENGTti oocce 
ceoo PE 10 CHI< 0 TEflP RDS 0000 
0000 

IITRK IN ERR 
TE~P .,RTS OOOC 

0000 000001000 SID COUNT 00010 
CCOO ERASE GAPS 00000 
0000 BACKWARD ceoo CLEAN ACTS 00018 
0000 8US OUT C~K 0000 
ecoo Tl; PCSN CHK 0000 

00010528 014500CO 

OC031550 OECCCCOC 03000381 31t008003 
00000000 OOOOOOOA 010000e8 000C'()012 
ceceoooo nsenn8Sl • 00000000 00 
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--- RECCRD ENTRY SOURCE - CBR TVPE -OUTBOARD MODEL- C145 SE~IAL .NC. 01Q528 RELEASE 21 

DEVICE 
TYPE 
3410 

II 
FAILING CCW 

UNIT STATUS 

ATTENTION 
STATUS MODIF 
CONT UN END 
BUSV 
CHANNEL END 
DEVICE END 
UNIT Ct-iECK 
UNIT EXCEP 

BVTE 6 

RESERVED 
SHORT GAP 
DUAL DEN 
800 BPI 

MODEL 

SDR AREA 

NOISE 
. VRC 

MTE/LRCR 
EDC/CRCR 
ENV CHECK 
OVERRUN 
SKEW 
RESERV'E.O 

PRl,.,ARV 
CUA 
O·OO'AO 

CC DA 
02 037FC4 

BVTE 0 

SECCNCARV 
eUA a 
OOO~AO g 

Fl CT 
CC CO 0064 

o C~NC REJECT 0 
o INTV REQUEST 0 
o BUS OUT CHK 0 
o EQUIP CHK 0 
1 DATA CHECK 1 
1 OVERRUN 0 
1 WRD COUNT 0 
o RESERVED 0 

BYTE 7 

PROGRAM 
IDENTITV 
OSDOS 

BYTE 1 

~CISE 
TU STAT A 
TU STAT B 
RESERVED 
LeAD POINT 
~RITE STA 
FL PROT 
NCT CAPABLE 

BYTE e 

o LAMP fAIL 
a LEFT COL CI1K 
o RHT CGL CHK 
ORES-DOOR 

o RESERVED 
a FEED THRU 
o RESERVED 

DSE 
1 RESERVED 

RESERVED 
RESERVED 

RESERVED 

a END VEL CHK 
a TAPE VEL CHK 
a ST VEL CHI( 
o RESERVED 
o VEL RETRY 

0001 
0000 
0000 
0000 
0000 
0000 
0000 
0000 

WRf T~ CI1K 
ERG CHECK 
TACH CHK 
FALSE END CHK 
RESERVED 

OOCO 
ecce 
0000 
0000 
0000 
0000 
0000 
coco 

FEED THRU 
RE SERVED 

VOLU~E 
SERIAL 
SYSIN 

BYTE 2 

CSW 

1 TRK ERR 0 
1 TRK ERR 1 
o TRK ERR 2 
o TRK ERR 3 
o TRK ERR 4 
o TRK ERR 5 
o TRK ERR 6 
o TRK ERR 1 

o 
o 
o 
o 
a 
o 
o 
o 

TAPE VEL CHK 
ST VEL CHK 
RESERVED 
RESEIWED 
VEL RETRY 
RESERVED 
RESERVED 
RESERVED 

HEX DU~P OF RECORC 
~EADER 30150800 oeoooooo 0072123F 16050974 

, .. ~'" 

/ 

0000 
0020 
CC40 

1"''''' l,,-) r''''', 

D6E2C406 
14000381 
0101coeo 

" 

C) 0 

E2404040 
00000018 
cecoooao 

0 0 

02037FC4 
E2E8E2C9 
01COCCOl 

0 0 0 
",--y 

eeoeCC64 
D54CCCOO 
OOOCOOOO 

C) r) ~ ... 

MODE 
SET 
CS 

DATE 
CAY VR 
12 L. 12 

TIME 
HI-' MM SS.TH 
11 05 (}2 f,R 

K CA US CS CT 
OE 00 COOO 00 037550 

0000 
oeco 
ccoo 
cooo 
ceca 
coco 
0000 
0000 

a 
o 
o 
a 
1 
o 
o 
o 

BYTE 3 

VRC 
MTE/LRCR 
SKEW 
EDC/CRCR 
ENV CHECK 
1600 BPI 
BACKWARD 
RESERVED 

1 
o 
a 
a 
o 
1 
o 
o 

o 

BVTE 4 

TU POSN CHK 
TU REJECT 
ECT 
RESERVED 
RESERVED 
C lAG TRK ERR 
TU CI1FCK 
ILLEGAL C~NC 

BYTf 5 

o ~E~ Suesy a 
o NE~ suesy 0 
o WRT T,., C~K C 
a PE Ie eUR a 
a ERG CHECK 0 
a TACH CHK 0 
o fALSE E~C CHK 0 
o RPe 0 

DEVICE DEPENCENT I~F(R"'ATI(N 

PE 10 CHK 

11 TRK IN ERR oonOOlOOO 

BLOCK LENGTH 
TE",P RCS 
TEPIP .. PTS 
SIC COUt\T 
ERASE GflPS 
CLEAr.. ACTS 

CCCCC 
ecce 
ooce 
CCClC 
cccce 
00018 BACK~ARD 

BUS OUT CHK 
TU POSN CfK 

ccco 
eccc 
0000 

oee10528 

CCC37550 
oeceoceo 
OOCCOOOO 

~'\ 

014500CO 

OEceoeoo 
cCCCCeOA 
nRcoonR4 

0 
~) 0 0 

03000381 
CICOOCCe 
00000000 

0 ,'I,' 0 

34008003 
ceee0012 
00 

Q 0 
, ~ 

('-~ () 
~} ~- 0 0 - ,"1 0 0 0 C 
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II OETAIL BY OEVICE 

TU DATE VOLUME TIME --TEMP-- SID DEN- NRZI R/W WR TG LRC CRC ECC SKEW ERlY VEL 
CUA SERIAL DAY YR SERIAL HH ~~ SS.TH RDS WRTS COUNT SITY NOISE VRt VRC MTE EDC ENV ERR BOR CHG TIE 

000381 N/A 133 12 PENLY 16 15 52 52 

000381 N/A. 123 12 SYSIN 15 51 34 11 

000381 NIl. 123 12 SYSIN 16 05 09 14 

0000 0000 00005 1600 N/A. 0000 

0000 0000 00C09 1600 N/A 0000 

0000 0000 00010 1600 N/A 0000 

til A 0000 0000 0000 COCO tJ/ /\ 

N/A 0000 0000 0000 0000 N/A 

N/A. OOCO COCO 0000 CCOO N/A. 

N/A aoooooooo 

NItA 000000000 

N/A nnn0010no 

0003AO N/A 124 72 SYSIN 11 05 ~2 6R 0000 0000 00010 l~OO N/A 0000 N/A onoo 0000 0000 0000 N/A N/A 000001000 

II l>I.:TAIL BY VOLmtE ID 

VOLUME DATE Tl~E TU RDI --PERM-- --TEMP-- SIO BLOCK PROGRAM ----CPU---- MOO 
SERIAL DAY VR HH MM SS TH CUA SERIAL WRT ROS WRTS ROS WRTS COUNT LENGT~ 10 10 SERIAL NUMBER DENSITY 

SCRTH2 056 12 22 35 40 65 0003AO N/A 

SCRTH2 122 12 11 40 19 44 0003AO NIl. 

SVSIN 123 12 15 51 34 11 000381 NIl. 

SVSIN 123 12 16 05 09 14 000381 NIl. 

SYSIN 124 12 11 05 02 68 0003AO NIl. 

SYSIN 124 12 14 40 25 01 0003AO N/. 

SYSIN 124 12 14 41 08 18 0003AO N/A 

SVSIN 124 12 15 32 15 31 0003AO N/A 

SVSIN 124 12 15 35 40 13 0003AO N/A 

SYSIN 124 12 15 35 40 41 0003AO NIA 

R COOO CCOO COOO 0000 C0023 00132 

R 0000 0000 0000 0000 C0023 00132 

R 0000 0000 0000 0000 00009 00064 OSDOS 

R 0001 0000 COOO COOO COOI0 00000 OSDOS 

R 0001 0000 0000 0000 00010 00000 osnos 

R 0000 COOO 0000 0000 00000 00001 

R ecco ccco 0000 0000 ceooo 00001 

R 0000 COOo 0000 OOCO cecco 00001 

R 0000 0000 0000 0000 CCCCO 00001 

R COOO 0000 0000 0000 00000 00001 

0050 000000 

0065 COCCOO 

0145 010528 

0145 CI0528 

0145 010528 

0065 000000 

0065 000000 

OC65 ccecco 

0065 OOOCOO 

0065 000000 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

556 

556 

1600 

IfCO 

1600 

556 

556 

556 

556 

55~ 

( ( ( ( 

.. The DETAIL BY DEVICE printout shows there were 
no temporary errors on either 000381 or 0OO3AO 
when using tape volume SYS IN. 

iii The DETAIL BY VOLUME printout shows volume 
SYS IN ran error free on tape unit 000381 at 15:57 
on day 123. (Third record from the top.) At 16 :05 of 
the same day (123) volume SYS IN had a 
permanent read error on tape unit 000381. 

On day 124 volume SYS IN recorded the identical 
error on tape unit ooo3AO. 

The logical conclusion is that tape volume SYS IN 
has physical damage on track '4 (outside edge). 

Retracing the history of SYS IN, note that it did run 
error free on tape unit 000381 but failed on the 
second pass. There is a possibility that tape unit 
000381 is causing tape damage. 

( ( 
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Read/Write 
Board • 
Circuits • • • • • • • 
Deskew Board Power 
Package •••• 

Read/Write Head 
Alignment 
Simplified • 
Location ••• 

Ready Indicator 
Ready Reset 
Recording 

Area 
Data on Tape. 
Methods •••• 
Operating Time • 

Reel 
Drive •• 
File •• 
Machine. 
Motor. 

Reflective Markers 
Request In 

System/360/370 Attachment 
Reset Pushbutton 
Rewind •••• 

Flowchart 
System/3 
System/360/370 • 
System/370 Model 125 

Operation Sequence 
Tension •••••• 
Unload 

Rewind Unload Operation 
Description • 
Flowchart 

System/3 • 
System/360/370 • 
System/370 Model 125 

Operation Sequence 
Right Column Check 
ROS Register • • • • 
ROS Word ••••• 
Routine, Microprogram 

5 

Sample Listing (Microprogram) • 
Select In 

System/360/370 Attachment • 
Select Indicator • • • • • • • • 
Select Out 

System/360/370 Attachment •• 

00 o 

•••• TU9 
• TU9 
TC15 

• •• INTR09,TU9,TC15 

• • • • • TU9 
••••• TU2 

• • TU4,TU8,TU9 

• •• TU3 
• TU13 

INTROl 
INTR04 
INTR08 
INTR08 

• •• TU4 
INTR02 
INTR02 

• • TU5 
INTR01,TU4,TU7 

• ••••• A42 
• ••••• TU3 
INTR02,INTR010 

MP16 
MP44 

• MP75 
TU12 

INTR05 

• INTR010 

• INTR010 

MP16 
MP44 
MP75 
TU12 
TU13 

• • TC8 
TC16 

INTR09 

Bl 

A42 

• •• TU3 

• • A42 

Sense 
Cross Reference Chart • 
Data Flow •• 
I/O (System/3) 
Flowchart 

System/3 • 
System/360/370 • 

Operation Diagram 
Tape Unit •••• 

Sensing 
Tape Position in Vacuum Columns • 

Service In 
Read Data Flow. • • • • • 
System/360/370 Attachment • 
Write Data Flow 

Service Out 
Read Data Flow • 
System/360/370 Attachment 
Write Data Flow 

Seven Track 
Read • • • • • 
Write ••••• 

Shavings, Tape Edge 
Short Cycle Timing • 
Skew 

Adjustment. 
Check ••• 
Description • 
Error 
Mechanical Adjustment 
Tape, Master 

Skew Buffers 
Description • 
Read Back Checking • • 
Read Data Flow. • • 
Sense Data Flow • • 
Simplified Data Flow 
Theory 

Space Block/File 
System/3 ••• 
System/360/370 

Speed, Capstan Control • 
Squelch Track Signal 
Start Pushbutton 
Start I/O 

Flowchart 
System/3 
System/360/370 • 

System/3 Attachment 
Description • • • 
Flowchart •••• 
Operation Diagram 

System/360/370 Attachment 
Description • 

Statistical Recording • • • • • 
Status In 

System/360/370 Attachment. 

()'" 
\ ' " . 00 () 

TU13 
TC14 

Al 

• MP6 
MP41 

• A34 
TU2,TU13 

• • TU5 

TC12 
• • • A42 

TC13 

TC12 

• A42 
TC13 

MP700 
MP703 

INTR06 

• • TC6 

INTR02,TU9 
INTR010,TC1l 

INTR02 

• TCll 
• • TU9 
INTR02 

• • TCl 
TC13 
TC12 
TC14 

• TC4 
TC1l 

MP9,MP13 
MP42 
TU16 
TCll 

• TU3 

• MP7 
MP38 

A1 
A7 

• A27 

A42 
C1 

A42 

Status, Tape Unit • • 
Step RIC/ROC 
Store Instruction (STO) 
Storing 

Information on Tape •• 
Tape Reels ••• 

Subsystem 
Control 
Data Flow •• 
Description. • 
Interface ••• 
Introduction 
Models • 
Power ••• 

Suppress Out 
System/360/370 Attachment 

System Attachments • 
System/3 Attachment 

Data Flow •• 
Description. • • • 
Error Checking • • • • • 
Error Summary • • • • • 
Flowcharts (See Attachment) 
Introduction • • • 
Inputs from System 
Outputs to System 
Purpose • • • • • 

System/3 Flowcharts (See Flowcharts) 
System/3 Sense •••••••••• 
System/360/370 Attachment ••••• 
System/360/370 Flowcharts (See Flowcharts) 
System/360/370 Sense 

T 

Data Flow •••• 
Flowchart ••••• 
Inputs from System 
Instructions 
Outputs to System 

Tachometer 
Assembly Power 
Check • • • 
Description. • 
Disk 
Frequency • 

Tags, Tape Unit • 
Tape 

Contamination 
Curvature 
Damage. 
Distortion 
Embossing. 
Failure Analysis • 
Guiding •• 
Handling •• 

Index 4 

TU13 
TCll 
TC18 

INTROl 
INTR07 

INTR08 

• • TC2 
INTR08 
INTR08 
INTROl 
INTR08 

• INTR08,TC15 

• • A42 
INTR09 

A2 
Al 

• AlA 
• • AlA 

INTR09,Al 
Al 
Al 
Al 

TC14 
INTR09,A42 

TC14 
MP41 

A42 
A42 

• A42 

TC15 
MP63 
, TU6 

• TU6 
• • TU6 

TU14 

INTR07 
INTR05 
INTR05 
INTR05 
INTR05 
INTR05 
INTR02 
INTR07 

Indentation. INTR05 
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Lift • • 

Magnetic 
Master Skew 
Problems 
Storage • 
Subsystem. 

Tape Cleaner Blade 
Description • 
Location. 

Tape Control 
Data Flow 
Description. • 
Introduction 

(~ 

To Tape Unit Interface • 
Tape Drive Capstan 
Tape Indicate Lamp 
Tape Loop Positioning 
Tape Transport • • • 
Tape Mark Configuration 
Tape Unit 

Abnormal Conditions 
Address Determination • 
Bus In. • 
Bus Out • 
Commands. 
Description • 
Models 
Reject 
Sense. 
Tags 

Temperature, Effect on Tape 
Temporary Errors 

Description • 
Recording •• 

Test I/O 
System/3 Attachment 

Description • • • 
Flowchart.. • 
Operation Diagram 

System/360/370 Attachment 
Description • • 
Flowchart ••• 

Tension During Rewind 
Threshold, Amplitude • • 
Timing 

Clock. • •• 
Pulses, • • ••• 
Read Detection (PE) 

( ( 

INTR05 
INTR01 
INTR02 
INTR05 
INTR07 

INTR01,INTR08 

••••• TU7 
TU4,TU7,TU8,TU10 

• • TC2 
INTR09 

• Tel 
INTR08,TU14 

TU4 
TU3 
TU5 
TU4 

INTR03 

• TU13 
INTR08 

INTR09,TU14 
INTR09,TU14 

INTR08 
INTR08 
INTR08 

MP63 
TU13 

• TU14 
INTR07 

INTR02 

• Cl,C2 

Al 
A3 

Al6 

A42 
MP38 

INTR05 
• TU9 

TC1 
TC6 

TC11 

( 

Track 
Arrangement • 
Coupling (See Crosstalk) 
Description • 

Transfer 
Decode • 
Error Summary •• 

Transfer Instruction (XFR) 
Codes. • 
Description. • • • • 

u 

Uneven 
Wind 
Wrap 

Unit Check 
Unit Exception 
Unloaded, Tape Unit 
Unload Operation 

Operator Action • 
Sequence Chart • 

Unload Rewind Pushbutton 

Updat~ 

Flowchart (Sytem/3) • 
Instruction Counter 

Usage Meter •• 

v 

Vacuum 
Columns 
Column Switches 
Description • 
Motor Power 
Plenum 
Ports 
Pump 
Sensing 
System 

Voltage Distribution 
VRC Error 

Read 
Summary 
Write • 

f' ( f" 

INTR03 

INTR01 

TCl 

• TC3 

Bl 
TC1.TC18 

•• INTR05 
•• INTR05 

MP63,TU13 
• MP63 
INTR02 

TU11 
TU11 

• TU3 

• • MP4 
TC7 

• TU3 

INTR01,TU4,TU10 

• TU4 
TU10 
TC15 
TU10 

• TU4 
TU4,TU10 
TU5,TU10 

TU10 
TC15 

TC12 

• TC3 
TC13 

( 
. / 

(~' 
/ f f- (' 

.. 

w 
Worn Cleaner Blade 
Wrap 

Backward 
Loose. 
Uneven 

Write 
Circuits 
Description • 
Deskew ••• 
Enable Ring 
Errors. •• 
Flowchart 

System/3 ••••••• 
System/360/370. • • 
System/370 Model 125 

Head 
NRZI 
PE 
Seven Track 
Signal 
Skew •• 
Skip ••• 
Tape Mark 

System/370 Model 125 
Tape Unit Operation 

Write Data Flow 
Simplified • • • • 

Write Data Flow and Read Back Check 
Write into LSR Timing • • 
Write Oscillator • • • • 
Write Tape Mark Check. 
Write Triggers. • • • • 

x 
XFR Write Data 

z 
Zeros 

Beginning 
Binary •• 
Ending 

Zones, Track Grouping 

( 

INTR06 

INTR05 
INTR05,INTR06 

INTR05 

• •• TU9 
INTR010,TU2 

•••••• TU2 
INTR02,TU8 

INTR05 

MP22 
MP50 
MP81 
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INTR01 
INTR04 
INTR04 
MP703 

INTR02 
INTR02 
INTR02 

• INTR010 
MP91 

TU2 

• TC4 
TC13 

.. TC9 
TC13 

MP32,MP62 
• • • TC13 

TC13 

INTR03 
INTR04 
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ABI 0-7 and P ~ 

vi 

I 

L 

From A35 

---, 
1. The N field equals 101 indicating an 

attachment sense. The attachment sets the 
ADAPTER SENSE LATCH (HT330) at Clock 5 
of the I-a cycle. 

2. The attachment puts sense byte 1 on OBI at 
Clock 2 of the EB 1 cycle (GATE SENSE BYTE 
1 - HT110). 

3. The attachment puts sense byte 0 on OBI at 
Clock 2 of the EB NOT 1 cycle (GATE SENSE 
BYTE 0 - HT11 0). 

- - - - - - -

I 

I 

I 
I 

I 

.J 

I-OP 

5678 

Adapter Sense Latch 

.... 
OBI 0-7 and P 

.... 
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1-0 I/O Cycle EB-1 EB NOT 1 

012345678 012345678 012345678 012345678 

J I 

Byte 1 Byte 0 

NOTES: 

DBO 
Sense Byte 0 Sense Byte 1 Bits 

Address Out of Sequence 0 

ABI Parity Service Out of Sequence 1 

ABO Parity Command Out of Sequence 2 

Controller Disabled Address In Error 3 

Two Tags Error Service In Error 4 

I/O Working Gated Command In Error 5 

Sequence Error Status In Error 6 

(Not Used) (Not Used) 7 
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Attachment Bus In 
0-7 and P 

) ( 

From A35 

------------------, 

1. The N field equals 110 indicating a Hardware 
sense. The attachment sets the HARDWARE SENSE 
LATCH at Clock 5 of the I-a cycle (HT330). 

2. The attachment sets GATE CaNT DATA TO DBI 
(HT110) at Clock 2 of the EB 1 cycle. 
Whatever is on ABI is gated to CPU as a 
sense byte (HT140). 

3. GATE CaNT DATA is inactive during the EB NOT 
1 cycle causing a byte of zeros to be sent 
to CPU. 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I L ____________________ ~ 

NOTE: 

Hardware Sense Latch 

Data Bus In . 

0-7 and P > 

A Hardware Sense operation stores the state of the Attachment 
Bus In at the time of the error. 

C) 0. r-~~ 
\,,-~ ',,---yJ 

lOP - IQ - I/O C I yc e EB 1 - EB NOT 1 

5678 012345678 012345678 012345678 012345678 

I I 

P Bit.Only 

n n 

00 o o 
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Error Checking 

The attachment checks the data it receives from CPU 
and the data it receives from and sends to the 
subsystem. In addition, the attachment monitors the 
operation of its interface with the subsystem. 

(~ 

Bad parity detected in data received from the CPU will 
terminate the operation and turn on the PROCESSOR 
CHECK and CHAN DBO indicators on the system 
console. Errors in data transferred to and from the 
subsystem and in the interface operation activate I/O 
Check to CPU and set Adapter Check and Unit Check in 
the attachment. The I/O Check to CPU turns on the 
I/O Check indicator on the System CE Panel. The 
Adapter Check/Unit Check will activate I/O Condition A 
to CPU when a Test I/O is executed. 

Two other error conditions that can occur set Adapter 
Check/Unit Check only. The first is an I/O Check from 
the subsystem. This I/O Check occurs if the 
microprogram (in the tape control) detects a bit set in 
subsystem sense byte O. The second condition is if the 
subsystem becomes disabled by a hardware error or by 
the subsystem being taken offline. 

The following table defines the errors in more detail. 

(C', 
.. 

----------- -- --- - ----

(--~ (' ('~ ( (~' (-- (- (~-

ERROR SUMMARY 

Error Indication 

PROCESSOR CHECK and 
CHAN DBO on. 

PROCESSOR CHECK and 
INV Q on. 

I/O CHECK 

Adapter Check/ 
Unit Check 

(-- (~ (' (~ (' (" (" (-" (- (~' ('~ ("' (' (~' (~ ( 

Cause Comment 

Bad parity detected in byte received 
from CPU. 

Operation terminated. Manual 

Invalid command received from 
intervention required to restart. 

CPU. 

1. Data byte received from tape 
subsystem had bad parity on 
the ABI. 

2. Detected bad parity in the data Also sets 'Adapter Check' and 'Unit 
byte being sent to the Check' in the attachment. 
subsystem on the ABO. 

The System will execute a sense 
3. Two 'in tags: status, service, instruction to determine the error 

command, or address were condition. 
active simultaneously. 

4. The subsystem did not respond 
with the correct 'in tag: 

1. Subsystem is disabled. 1. The ENABLE/DISABLE switch 
may be in the DISABLE-
position or a hardware error 
has occurred. Check the 
switch. The System will 
execute a sense instruction to 
get the hardware error byte. 

2. I/O Check from the subsystem. 2. The microprogram has 
detected a bit set in 
Subsystem Sense Byte O. The 
System will execute a sense 
instruction to determine the 
error. 

Append ix A48 
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SYSTEM/31 

DBO P, 0-7 

L SIO Instr 

I LlO Instr 

I SNS Instr 

I TIO Instr 

I IQ Cycle 

I IR Cycle 

EB 1 Cycle 

Line 
Receivers 

PH 
Start I/O 

Load I/O 

Sense 

Test I/O 

IQ Cycle 

IR Cycle 

EB 1 Cycle 

I EB Not 1 Cycle EB Not 1 Cycle 

I Check Reset Check Reset 

I Clock 0-8 Clock 0-8 

I Sample DBO SDBO 

I Early Phase C EPhaseC 

I Interrupt Poll Interrupt Poll 
I 

IWT210 Error Stop 

I/O Condition A 

I/O Condition B 

Note: The 'Error Stop' line latches 
the line receiver polarity hold circuits 
to their state at the time of the error. 

(~ ",,-y 

A 

PC 
DBO Parity (Bad) Gated 

(Sets I/O 
HT240 Conditions 

A and B) 

Set Address Out 

Not Address In 

f--

Service In 

DBO 7 

Not DBO P 

Cycle Steal Request to CPU 

DBO 0-4 Device Address 0 DBO 5 

TIO Device Device Address 1 

Any I/O Command 
Address Device Address 2 L 
Decode DBO 6 

10 Cycle and Clock 5 Device Address 3 
DBO 7 

HT210 DBO 7 

LlO 

L 
DBO 6 

(not) DBO 5 

ADD OUT 
A ~ 

I A 
FL Set ABO Reg ..... 

EB Not 1 Reset ..-
Address In • OR 

HT340 

Start I/O 
Write Cycle WRSO and IR Cycle 

EPhaseC FL Set ABO Reg 
A 

Clock 5 

EB Not 1 Reset 

Command In 
Service In 

HT240 

Gate Control 
RDSO 

Data to OBI 

Clock 3 A FL 

Service In 

HT240 

CSACK 

A JA FL 
Clock 8 - Cycle Steal Acknowledge 

_.-
Clock 7 

HT350 

o ,f-'~ 

IJ o C) () 

A 

~ 

A 

~ OR 

A 

~ 

A 

HT340 

Sense 
Load I/O 

CMD 

HT360 

DBO P,0-7 

Set ABO Reg 

Invalid Command 

Start I/O 
Check Reset 

Address Out 

Service Out 

Command Out 

Attachment 
Bus Out Reg 

HT100 

Attachment 
Tag Out 

WT040 

r). 
'-... o 00 

ABO P, 0-7 

ABO 
Parity 

PC 
Latch 

(To I/O 
HT110 Check) 

3411 Tape Control 

L' R Ine ecelvers 

I 
I .. 
I XFR ABO 

I HN001-002 

I 
I 
I Line 

Receivers 

I 
I • 

HN003 

o 

To LSR 
via 0 
Register 

To Branch Test 
Circuits 

o 
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Load I/O 

-.~-----~ .. _._ .. __ .. __ . __ ._ ... _-- .. ~--
~~-------

('" (-' (' 

FROM: 
53A4 

(' 

A ON 

('- (- (-

B3...:..--__ 

SUBSYSTEM BUSY. 
CPU RETRIES 
INSTRUCTION 

,.....-<::2-.:..--__ 

SET ADDRESS OUT 
LATCH 

I -QCLK5 3 . ....:.t ___ .., 

RISE OF ADDRESS 
IN RESETS .------ADDRESS OUT 

HT340 

SET LOAD CTL 
LATCH. (UP 

UNTIL CLOCK 8 
OF EBNOT 1 

CYCLE) 

HT340 

TURN ON SEgUENCE 
ERROR IF N T RESET 
BY EBl CLOCK 7 

(- (" (~ (~' ( ( 

TURN ON TWO TAGS 
ERROR IF ADDRESS 

.------------- IN AND SERVICE IN 
ARE BOTH UP. 

EB-1CLK5 4-.:..---__ 
CPU PUTS 
LO-ORDER 

PORTION OF BYTE 
COUNT ON DBO 

EB-1CLK5 
E4 . ....:.---.., 

SET CONDITION A 
AND CONDITION B 

(TURNS ON --------•• 
PROCESSOR CHECK 

& CHAN DBO) 

HT230 

Appendix A54 

E5---....... 
OPERATION 

TERMINATES 

('- ( 



Load I/O 

) (fe,""", .4""'1 ~ r'" ,F~ ('~",\ r' 

0 i~ 0 ~ '''--Jl ~j .> 

EB-1CLK5 
EPHASEC 

~
5 ~~g~: 
A1 

A 1""--_ 
SET WRITE 

SERVICE OUT 

HT360 

B1-:"--_ 

TRANSFER BYTE 
COUNT TO TAPE 

CONTROL 

FALL OF SERVICE 
IN RESETS ~------

SERVICE OUT 

HT240 

C) I"'~ 
I ! 
"'-.j 

TURN ON SEQUENCE 
ERROR IF STILL UP 
AT EBNOT1 CLOCK 4 

(~ 0 
~i "'-j " / 

("'" ",--y 

...--C 3,-:"---.10--. 
SET CONDITION A 
AND CONDITION B 

(TURNS ON 
PROCESSOR CHECK 

& CHAN DBO) 

HT230 

/,.~ /"~ r~ 
~~ ~y ~y 

Appendix A55 

EBNOT1CLK5 
A4 .... ---~ 

CPU PUTS 
HI-ORDER 

PORTION OF BYTE 
COUNT ON DBO 

EBNOT1CLK5 
EPHASEC 4-:"--__ 

SET WRITE 
SERVICE OUT 

HT360 

TRANSFER BYTE 
COUNT TO TAPE 

CONTROL 

YES 

() 

D5,---_ 

FALL OF SERVICE 
IN RESETS 

SERVICE OUT 

HT240 

E5i....1.--_ 

END OPERATION 

o () 0 0 o 
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Sense I/O 

(-~ (~ 
'/ 

(~-- (' 

NOTE 

A SUBSYSTEM SENSE FOR 
BYTES 0 AND 1 WILL 
RESET THE NOP BIT IN 
BYTE 0 

(- (-- (--

RESET ADDRESS 
OUT LATCH 

HT340 

_....c;2~ ...... --_ 

TAPE CONTROL 
RESETS ADDRESS 

IN 

D2""""'--..... 
TAPE CONTROL 

PLACES THE 
SENSE BYTE ON 

ABI AND RAISES 
SERVICE IN 

EB-1 CYCLE 
CLOCK 2 

E2~"""---" 

ATTACHMENT 
GATES SENSE 
DATA TO OBI 

HT110 

-- ----------- ---- -------- - --. 

( ( 

EB-1 CYCLE 
CLOCK 3 

(' (~ 

HT240 

RESET READ 
SERVICE OUT 

LATCH 

E NOT1 CYCLE 
CLOCK 1 

03-1----.. 
SET SE~UENCE 

ERROR IF 
SERVICE OUT IS 

STILL ON 

HT140 

E3, ...... ---.. 

(-~ 

----- -.~------

(0' ( ( 

-------

(" (-

EBNOT1 CYCLE 
CLOCK 2 

(-

ATTACHMENT 

(-

I GATES SENSE 
DATA TO OBI 

EBNOTI CYCLE NTll0 

CLOCK 3 

SERVICE IN SETS 
READ SERVICE 

OUT LATCH 

HT240 

RESET READ 
SERVICE OUT 

LATCH 

E NOT1 CYCLE 

E5-'----.. 

RESET 
TAPE CONTROL 

PLACES THE 
SENSE BYTE ON 

ABI AND RAISES 
SERVICE IN 

ICLOCK 8 

I-----------~--------------~ CONTROLLER SENSE LATCH 

Append ix A62 
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System/3 Attachment Diagrams 

The following charts graphically describe 
the internal operations of the System/3 
attachment for the 3410-3411 Tape Subsystem. 
Each operation is described at a basic level 
stressing the overall concept. 
If necessary, the reader can proceed 
from the concept-level charts to charts 
having more detail. Refer to the table of 
contents, the scheme of which is shown below. 

AOO 

A01 

Basic 

Expanded 

I 
I 

The operation is described as an 
overall concept, including CPU and 
subsystem reactions. 

The coverage is the same as the 
basic, but more detail is added. 

t-------------, 
r--- i ---, r---1---, 
I A02 I I A03 

I Detail I I 

Each detail chart covers 
a significant part of the 
expanded chart. 

I I I Detail 
I I I L _______ ..1 L_· ______ ~ 

0 (~ 1'---"'\ 
C) (~ r"\ ;1"'''- C) r'-,\ C) 0 (~I 0 

f,,,~) i I 0 \,--y \ ~) "'-- / 
Y / "- . ~ 

--- ---- ------ --~.---~--

1. 
2. 

• 

A-17 ®--- - --

(~ 0 ~ f~ 
0 ~ 

f 
"'--} ~ 

- - --- -- ---------_ .. 

Indicates a starting point. 

Leads the reader through the 
operation. 

Indicates an entry point 
from another chart. 

Indicates a continuing 
operation. Go on to the 
next sequence. 

Indicates a sequence or 
set of events. 

Indicates a reference toa 
more detailed chart (A·17 is the 
chart number, F is the entry 
point). 

Indicates data flow. 

Indicates a control line or 
logic level. 

0 ,~ 
U 0 0 ) I· 

!~ 5~ 0 ~ 0 0 (""" 0 C U ~~ '0 V ~y '0 
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Table of Contents 

A65 A70 A77 

TIO basic LlO basic SIO basic 
description. description. description. 

I I I 
A66 A71 A78 

TIO expanded 
concept. CPU 
reaction. 

LlO expanded 
concept. data 
transfers. 

Expanded 
concept. 

J I j----+----, 
r---L---, : r--- l ---, 
I A67 I I I A69 I 
I Information I I I Setting of I 
I on DBO during I I I I/O Conditions I 
I I I I 
L~~ _____ ~ : L~~~~~~~~ 

r---.L---, 
I A68 I 
I Address and I 
I N Field I 
I d d· I L __ e!:.o.. ~g..;. _ -' 

r-----r-----~-----r----, 

~---l---~ I ~---l---~ I ~---j---, ,A67 I I ,A73 , I IA76 , 
I I I I I I I Byte count I 
'Information on I l I Setting of I I I f I 
; DBO during LlO.: I : I/O Conditions.: I : trabns er to LSR I 

I • L SU system .• L ______ .-...J '- _______ ,.,. I -------~ 

I I 

~---~---, r---~---, 1~2 I ,~5 I 
: Address and : : Data Address ; 
, N Field I ,transfer to I 
I d d· I I I L_ .2~...!'lP.:.. _.J ... ..fflL~B.: __ ~ 

I 

.-----r--L--T----. 
~---l---, : ~---~---, : 
I A67 I I I A80 I I 

: Information : I I Setting of : I 
I on DBO during I I I I/O Conditions I I 
I SIO. I I I and Busy. I I L _______ ~ I L _______ ~ I 

I I ,-___ ..1 ___ ., ~ ___ .L ... __ ., 

I A79 I I A81 I 
: Address and I : Gating of R I 

I N Field : I Byte to : 

L _d!~~n.2. __ J L _ s.!!~'!!'~~ _ J 

A82 A84 
I/O Cycles Sense I/O 
basic basic 
description. description. 

I 1 
A83 A85 

Expanded I/O 
Cycles. 

Sense I/O 
expanded 
concept. 

I 

j-~---r-----T------~-----'------T-----' 
r.---.L---, I ... ___ 1 ___ , : ,.. ___ .1 ___ -, : r,---l.---., 
I A67 , : ' A87 I I I A89 I I I A91 Hardware I 

; Information. : I : Settin of I I ; LSR Sense. : : I error sense I 
I on DBO dUring I I I g. . I I I MTDAR to I I I byte to I 
I Sense. I I I I/O Conditions. I I I main store. I I I CPU. I ~ _______ ~ I L _______ ~ I ~ _______ ~ I ~ _______ ~ 

I I I 

r---~---, r---~---, r---~---, I A86 I I A8S Two sense I I A90 Two sense I 
: Address and I ; bytes from : : bytes from : 
I N Field I I subsystem I I attachment I 
I decoding. I I to CPU. I I to CPU. I ~ __ ~~ ___ ~ L _______ ~ L _____ ~_~ 
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TIO 

CPU puts Q Data Bus Out 
byte on DBO ....... O ... -7:....;;;a.;.;.nd ___ P_ .... 

I~ 
~J o o 

1. The attachment determines, from 
the Q Byte, which of three conditions 
the CPU instruction is testing for. 
The conditions that are tested are 
Not Ready/Unit Check, Busy and 
Interrupt Pending. 

2. If the tested condition is active, 
the attachment sets I/O CONDITION 
A, causing the CPU to branch. 

3. If the tested condition is inactive, 
the attachment sets I/O CONDITION B 
causing the CPU to proceed to the 
next sequential instruction (no branch). 

00 o o 

I/O Condition A (HT230) 

(To CPU) 

I/O Condition B (HT230) 

(To CPU) 

00 o o 



) 

._------------ ". -------._"" 

('~ (- (-

From A65 

CPU puts a 
Byte on DBO. 

r' (,,--

Data Bus Out 
0-7 and P 

(HT300) 

(-

See A67 ®' 
(HT240) 
SeeA68~-

DBO Parity Gated (HT320) 

(DBO 0-7 and P latches even) 

From A68 

See A69 
TIO Op-End (HT440) 

Unit Check (HT230) 

Not Ready (HT230) 

(~" ('~ (" 
." r" (0" ('" 

From A67 

1. The Test I/O Tag is set at clock 5 of 
the I-OP cycle. 

The attachment decodes the address 
and N Fields of the a Byte at Clock 5 
of the 1-0 cycle. 

If the a byte parity is bad, DBO 
PARITY GATED sets I/O CONDITION 
A and B, and the operation terminates 
with the PROCESSOR CHECK and 
CHANNEL DBO indicators on. 

4. If the command is invalid, I/O 
CONDITION A and B are not set and 
ERROR STOP is set with PROCESSOR 
CHECK and INV a indicators on. 

Device Busy (HT230) I 5. 
~~~~~~~--------~/ 

A Unit Check, Not Ready, Device Busy, 
or Interrupt Pending sets I/O 
CONDITION A. 

See A69 

,/ 
~.,." 

~--- 6. NOT Unit Check, Ready, NOT Device 
Busy, and NOT Interrupt Pending sets 
I/O CONDITION B. 

NOTES: 

1. Unit Check is set by a Unit Check 
from a Tape Unit, a Not Ready, an 
I/O Check during 1-0 Cycle at Clock 
5, or an Adapter Check (HT230). 

2. Interrupt Pending includes any 
Interrupt-- Subsystem or Tape Unit. 

(' ( 

---._- ,-~-.-------

(-- ( ( (--

From A69 

CAUSE AB 

Invalid Command 00 

Condition not met. o 1 

Condition met 1 0 

a Byte bad parity 1 1 

Error Stop 

(HT230) 

ToA67 ® 
I/O Condition A (To WT215) 

I/O Condition B (To WT215) 

----~--- ---

(" (" (- r' ( 

CPU Reaction 

Processor Check Stop with 
a BYTE INVALID Check. 

Proceeds to next sequential 
instruction. 

Branches to effective 
address. 

Processor Check Stop with 
CHANNEL DBO Check on. 

Test I/O 

Device Address 
and N Field 

Set I/O 
Conditions 

Error Stop 

A endix A66 

-, -- -

(- f (-' ( (' r- (' (--- (-"' ( 

I-OP 1-0 

5 678 a 1 2 3 4 5 6 7 8 
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./ 

DBO Latches 
0, 1. 2, 3, and 4 

1-0 Cycle and Clock 5 

DBO Latches 5, 6, and 7 

r 

f 

- - ------ ~-~----~~---,.--- ----- -~----~------ -------~--

('" ('~ (" (' ( (' (- f (" ( 

From A66 

----~------------, 
DECODE ADDRESS (HT210) 

1. If DBO 0-2 is equal to 011, the attachment 
sets DEVICE ADDRESSED (Subsystem 
addressed). 

2. Decode DBO 3 and 4 for tape unit address. 

II DECODE N FIELD (HT230) 

1. DBO 5, 6, and 7=000 allows a Not 
Ready/Unit Check to set I/O CONDITION A 
and B 10 (Branch Condition met). 

2. DBO 5, 6, and 7=001 allows an Interrupt 
Pending to set I/O CONDITION A and B 10 
(Branch Condition met). 

3. DBO 5, 6, and 7=010 allows a Device Busy 
to set I/O CONDITION A and B=10 (Branch 
Condition met). 

00 I Device Address 0 
~ 

01 : Device Address 1 
~ 

10 , Device Address 2 
~ 

11 Device Address 3 
~ 

Invalid Command (HT340) 

(' f 

4. DBO 5, 6, 7 is not equal to 000, 001, or 010 I set INVALID COMMAND (HT340) . 
•• _______________ ..... To A66@orA69® 

L _______ ~ ____________ ~ 

Appendix A68 

f (~ ( f- e- (' f' (- r- (, ( 

I-OP 1-0 

5678012345678 
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From A66 . -
I 

------------------. 
I Unit Check (HT220) ... , 

Controller not Disabled 
1. N Field 000= Set I/O CONDITION 

A with Unit Check or Not Ready. 
and Not Ready (HT130) I 
--------~------------~~~, 2. Set I/O CONDITION B if neither Unit 

HT230 

From A66 (;'\ : 

Check or Not Ready are active. ______ _ 

Device Busy AND Ready (HT2~ 1. 
~I 

N Field 010=Set I/O CONDITION A 
with Device Busy and Ready. 

TIO Op-End (HT440) 

I 
I 
I 

~I 
I 
I 

2. Set I/O CONDITION B if device is not Busy 
and is Ready. 

1. N Field 001=Set I/O CONDITION A with 
interrupt pending. 

I 2. Set I/O CONDITION B if no interrupts 
pending. 

From A66 0 I ~ DBD Parity Gated (HT230) .... 

I/O Condition A (WT215) 

I/O Condition B (WT215) 

(C\: 1. 
FromA66~ 

Set I/O CONDITION A and I/O CONDITION 
B if the Q Byte has even parity on DBO. ----IIIII-IIt.~ To A66@ 

t') ~~-~.'\ ,-~ /""", C " '\.J "Ly \,,-y 

1. Set Error Stop if I/O CONDITION A and 
B are both off and a reset is not in 

Error Stop (HT230) 
I 
I 
I 
I 

progress. ___ ... _.~ To A66@ 
L ___________________ ~ 

0 0 0 0 0 () 0 ~ 0 0 0 J 0 
---------------

C~ 'Y 
~ () 0 ~ ('~ r~ ~ 0 ( U 'V V "V 0 0 
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From A71 

-------------------, 
The N field is 110 

1. Two bytes of data are to be sent to the attachment. 
The first byte is used to control interrupts; the 
second byte is not used. 

2. The LlO Op-End latch is set at C5 of the I-Q cycle. 

3. At C5 of the EB1 cycle DBO bits 3 and 4 are 
decoded to provide the following functions: 

DBO Bits 
3 4 

0 0 Disable interrupts by resetting the 'interrupt 
enable' latch, 

1 0 Enable interrupts by setting the 'interrupt 
enable' latch, 

0 1 Reset the addressed tape unit interrupt 
request. The tape unit address is bits 3 and 4 
of the LlO Q code, 

1 1 Reset the subsystem interrupt request. 

DBO parity is tested. 

~---------------------~ 

( 

A endix A74 

-------, ----- --.~--
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From A71 

----------
The N field is 100 

HT340l 
I 
I 
I 
I 
I 

Appendix A75 

1. The two bytes of data from CPU main 
storage are to be stored in CPU LSR 
Magnetic Tape Data Address Register 
(MTDAR). The attachment sets the LSR 
SELECT LATCH. I LSR Select 5 (HT340) 

(To CPU WT215) .,} 2. The attachment sets LSR SELECT 5 and 
LSR SELECT 7 at Clock 2 of the EB1 cycle, 
causing CPU to store the first byte of data 
in the low half of the MTDAR. CPU blocks 
SAMPLE DBO so no parity test is made. 

3. The attachment sets LSR SELECT 5 and 
LSR SELECT 7 at Clock 2 of the EB NOT 1 
cycle, causing CPU to store the second byte 
of data in the high half of the MTDAR. CPU 
blocks SAMPLE DBO so no parity test is 

LSR Select 7 (HT340) 

(To CPU (WT215) 
... 

Selects 
MTDAR 

I made . 
• _ .. ________________ •• _ •• ~ End of Operation 

L _______ ~ _____ ~ __ ~ 

00 o o 0000 00 o o 0 ( 
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From A71 

-------------~----, 

The N field is 000 

1. The two bytes of data from CPU main storage are to be 
transferred to the subsystem LSR to be used as byte count. 
The attachment sends ADDRESS OUT to the subsystem and 
sets the LOAD CONTROLLER LATCH in the attachment at 
Clock 5 of the IQ cycle (HT340). 

I 
I 

-I 
I 
I 
I 
I 

( .. ( 

2. The subsystem is Busy. --______ ... _ ... ~ To A73@ 

",... -1-
.". I 

~ I 
SeeA73@ I 

~ 
, I 

" I ....... 

3. The subsystem is not Busy . 

• 4. ADDRESS IN from the subsystem resets ADDRESS OUT. 
The subsystem sets SERVICE IN (HT340). 

5. The CPU puts the first byte on DBO at Clock 5 of the EB 1 
cycle. The attachment sets SERVICE OUT (HT250) and 
gates the byte into the ABO Register (HT1 00). Parity is 

_ tested on DBO. 

6. The subsystem accepts the byte and resets SERVICE IN 
causing the attachment to reset SERVICE OUT. 

7. When the subsystem sets SERVICE IN again, the CPU puts 
the second byte on DBO at Clock 5 of the EB NOT 1 cycle . 
The byte is gated to the subsystem. Parity is tested on DBO. ...... -I-

I 
I 
1 
I 

8. The subsystem resets SERVICE IN, causing the attachment 
to reset SERVICE OUT, ending the operation. 

L ____________________ .J 

A endix A76 

( (-
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510 

.... I/O Condition A (HT230) 
CPU puts Q Data Bus Out ) 1. The attachment determines, from -
Byte on DBO 0-7 AND P the Q Byte, what I/O operation 

I/O Condition B (HT230) -... the subsystem is to initiate. Command Out (HT360) -
.,~ 

2 . Control and Diagnostic commands 
require additional control 
information, contained in the R ... 

....... Attachment 
See A7B @r-- Byte from CPU. 

Bus Out .. 
3. The attachment accepts the 510 

by setting I/O CONDITION Band 
not I/O CONDITION A to CPU. 

4. The attachment sends the command 
and R Byte (Control or Diagnostic) 
to the subsystem to initiate the 
operation. 

.. 

o o 000 C) ~ <) 0 0 0 0 0 0 0 0 r'l 
0 0 
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From A78 

PARITY 

r­
I 

DBO Parity Gated I 

------------------, 
HT230 .. 

From A78 I 

"--

(- ( 

BUSY /INTERVENTION ~ 
1. The attachment sets I/O CONDITION A and 

B if the a byte has even parity on DBO. 
Tested at Clock 5 of the I-a cycle. __ •• _._ .. _ •• II'~ 

I 
I 
I 

From A78 I 

~ I 
I 
I 
I 

1. Subsystem busy - attachment sets I/O 
CONDITION A at Clock 5 of the I-a cycle. ____ .. __ ... ~ 

2. Subsystem not ready - attachment sets 
I/O ATTENTION TO CPU and I/O CONDITION 
A at Clock 5 of I-R cycle .• _________ .. ___ •• ~ 

1. The attachment sets I/O CONDITION A and 
B if the R byte has even parity on DBO. 
Tested at Clock 5 of the I-R cycle .•• _. __ ...... 11.~ L __________ ~ _________ ~ 

---.~" - --------------

:", (- ( 
-" (- (-- (-

The operation is terminated with 
PROCESSOR CHECK and CHANNEL DBO 
indicators on. 

SIO is rejected, causing the CPU 
to retry the SIO instruction. 

SIO is rejected, causing the CPU 
to retry the SIO instruction or 
call for an intervention. 

The operation is terminated with 
PROCESSOR CHECK and CHANNEL DBO 
indicators on. 

( 

Append ix A80 
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DBO Latches 
0-7 and P 

I-R Cycle and Clock 5 

r ,'\ -~ 
I 
\ 
'-- j/ -" 

-, 

Appendix AS1 

From A78 

-------------~--, 

1. The CPU puts the R Byte on DBO at Clock 5 
of the I-R cycle. 

2. The attachment gates the R byte to the 
ABO Register (Hl100) (because this is an 
I-R cycle) and sets COMMAND OUT to the 
subsystem (HT360). 

Command Out sets a latch (HT430) to 
prepare for an op-end interrupt request 
which will occur at the completion of the 
510. 

3. The attachment sets I/O WORKING TO CPU 
to indicate the subsystem is busy (HT360). 

! ABO Register > 
~ __ 0~-7~an~d~P ____________ __ 

Command Out (To subsystem) .. 

I/O Working to CPU 

.------------------iIII--. The subsystem executes the command. L __________________ ~ 

NOTES: 

1. During a read or write operation 
the subsystem ignores the R byte. 

o 000000 o o 
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I/O CYCLES 

-
See A83 ..... - -

----~~ ~~--~ 

(' (- ('~ ( ( r" 

1. An 510 instruction initiates the need for 
I/O Cycles to move data to or from CPU 
main storage (a read or write command). 

2. The attachment requests a cycle steal. 

3. The CPU grants the request, temporarily 
suspending its normal processing. 

4. The data is moved to or from CPU, as 
required. 

Append ix A82 
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~. j/ 

~~--~~-----~~~ I Attachment Bus In "l 
~0-~7_a_nd __ P __________ -v~ 

(From subsystem) ... 

Service In 
(From subsystem) 

CPU sends cycle- 1----. 

steal assignment 
code. 

-

DBO~ 
andf-/ 

A 

Data Bus In 
0-7 and P .... 
(To CPU) 

The attachment sets 
BINARY SUBTRACT (HT350) 
to CPU to decrement the 
MTDAR. 

!' .. ~ r-'", I~, c'"", 
I .! G' "" 

jI ',-- \,,- -.J/ 

1. 

2. 

3. 

4. 

1. A SIO Instruction was executed with a 
read or write command code in the 
N field of the Q byte. 

f 
2. A SERVICE IN from the subsystem initiates 

a cycle steal request (HT350) to the CPU. 

3. The CPU sends the cycle steal assignment 
code (CS Acknowledge HT350) on DBO. 

NO YES 

• 
f 
4. The operation is: 

Read 

, , 
The attachment gates ABI (one byte 
of data from tape) to DBI. 

The attachment sets SERVICE OUT 
to accept the byte . 

Read Backward 

YES NO , , 
Decrement Increment 
MTDAR MTDAR 

The cycle is completed, and is 
repeated if necessary. 

" 

:r~ ~ () 1",_/ ","--31 

Write 

~ 
, 

1. 

2. 

3. 

4. 

SIO 
I/R I/O Cycle I/O Cycle I/O Cycle 

012345678012345678012345678012345678 

Service In 

Cycle Steal Request I ..... 
~----------~---------------------------¥II I~-+ __________ ~ ________ -+ ________ ~ 

(To CPU) -

Write 

Read 

The attachment signals 
the CPU to increment 
the MTDAR. 

The attachment tests DBO 
parity. 

The attachment gates DBO 
to ABO and sets SERVICE 
OUT to the subsystem. 

Cycle Steal Acknowledge Latch 

I Data Bus Out 

DBO Parity 

Set ABO Register 

Service Out 

Gate ABI to OBI 

I 

CS Acknowledge p 
ri'+-____ 

( 

Store Data and Block SDR 

Modify LSR (MTDAR Increment) (OBI Bit 7) 

Service Out I 

Binary Subtract 

R"d B,ekw,rn { _M_o_d_i_fY_L_S_R __ +-__ +-_.-

Attachment Bus Out 
0-7 and P 
(To subsystem) 

Service Out 

(To Subsystem) -
The cycle is completed, and is 
repeated if necessary. 

I 

,- Write Data 

I 

I 

I 

o ( 



( 

SENSE I/O 

......... 
SeeA85@'--- -

1. The attachment determines, from the Q 

byte, the source of two bytes of sense 
information to be stored in CPU main 
storaQe. The Sense bytes can come from 
the subsystem, the MTDAR, the attachment, 
or hardware. 

2. The attachment sends the two bytes to 
CPU. The CPU stores them in two main 
storage locations designated by the 
Sense instruction. 

Append ix A84 

( 



From A87 From A67 

A I·OP 1·0 I/O Cycle 
B 

5678 012345678 012345678 

... 
CPU puts a DBO O-~ ~ 

, 
Byte on DBO and P./ 

The Sense I/O tag is set at Clock 1. ATO 1 Sense (HT310) .... 

T 
5 of the I-OP Cycle. .. 

(To subsystem WT030) a Byte ; DBO 
See A67 ® 

/2. The attachment decodes address and N fields .. 
,/ of the a byte at Clock 5 of the 1-0 cycle. Set ABO Reg ,. The a byte is gated to the subsystem on ABO 0-7 and P 

.. "" Attachment Bus Out. ...... .... 
...... 

seeA86~""'" DBO Parity 
/3. If the Q byte parity is bad, DBO PARITY 

/ GATED sets I/O CONDITION A and B and the 

~/ operation terminates with the PROCESSOR Set I/O Conditions 

" CHECK and CHANNEL DBO indicators on. 
...... 

...... ....... 
See A87 .k i· SUBSYSTEM SENSE 

/ See A89@ 
",/ YES NO 

See A88 ~ __ .- ./ 

5. 

, 
An I/O cycle is 
taken to allow 
subsystem to 
assemble sense bytes. 
Send two bytes 
of subsystem 
sense data to CPU. 

r) .. , 
I ' 

"- o ,~ 
i~1 

, 
6. 

7. 

/' 
.." .,.,.,. 

.-
MTDAR SENSE 

YES , 
Send LSR Select 
to CPU. 

o 

NO , 
8. 

9. 

;f~ o 

@ See A90 
~ See A91 @ 

/ I See A92 0 
/ / ~ /' 

/' / I 
" / 

ATTACHMENT SENSE / / 
YES NO / , , / 

/ 
/ 

Attachment sends two 10. HARDWARE SENSE / 
bytes of attachment YES NO 
sense data to CPU. f f 

11. Attachment sends one 12. OP-END SENSE 
byte of sense data to Attachment sends one 
CPU followed by one byte of op-end interrupt 
zero byte. status to CPU preceded 

by one byte of zeros. 

00 o o 000 (J 
~ 00 

EB·1 EB NOT 1 

o 1 234 567 8 012345678 

GOO o 
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r-----------~------- -----, 
I 
I 
I DBO Latches 

0,1,2,3, and 4 

I-Q Cycle and Clock 5 I ... 

DBO Latches 
5,6, and 7 

DeCODE ADDRESS (HT210) 

1. If DBO 0-2=011, the attachment sets 
DEVICE ADDRESSED (subsystem addressed). 

2. The Attachment decodes DBO 3 and 4 for tape unit address. 

II DECODE N FIELD (HT330 - HT340) 

1. N field=OOO - 011. The Attachment sends 
two subsystem sense bytes to CPU and 

I Device Address 0 
OO~I-------------·~ 

Device Address 1 
01~1~~~~~--~~~ 

Device Address 2 
10~I~~~~~~~~~ 

11~I~D~e~v~ic~e~A~·~dd~r~e~ss~3_1 .. ~ 

I 
I 
I 
I 

sets CONTROLLER SENSE LATCH. - - - - - - -1-'" See A88 @ 
2. N field=100. The Attachment sends 

MTDAR LSR select lines to CPU. - - - - - - - - - - - -t - ~ See A89 @ 
3. N field=101. The Attachment sends 

two attachment sense bytes to CPU. - - - -

4. N field=11 O. The Attachment sends 
a Hardware sense byte to CPU.- -

I 
i --. See A90 

I 
- - , -.... See A91 

@ 

@ 
5. N field= 111. Attachment sends a byte of I 

zeros and a byte of interrupt status. - - - - - - - - - - - _.-..... See A92 @ 
I L _________________________ J 
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Appendix AS7 

From A85 

r­
I 

-----------------, 
I 

DBO Parity Gated ... 

. (HT230) I 

I 
I 
I 
I 
I 
I 

1. Set I/O Condition A and I/O Condition B if 
the a byte has even parity on DBO. Tested 
at Clock 5 of I-a Cycle. 

2. a byte parity is good. Command is a valid 
Sense command. The attachment sets I/O 
Condition B and executes the Sense 
command. 

I 
11/0 Condition A 

I (HT230) 

I 
11/0 ConditionB 

(HT230)· . 

I 
I 
I L ___________________ ~ 
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Attachment Bus In 
0-7 and P 

Service In 
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- --------
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From A85 

------------------, 
I 

1. The N field has bit 5 off indicating a 
subsystem sense. The attachment sets the 
CONTROLLER SENSE LATCH (HT330).-

I Controller Sense Latch 

I 

2. The attachment initiates a CYCLE STEAL 
REQUEST 7 (HT350) causing a dummy I/O cycle 
(channel is idle). The subsystem decodes 
the N field of the Q byte to determine 
which two sense bytes are requested (see 
Sense I/O, System/3 Flowchart) and assembles 
the bytes. 

3. SERVICE IN (HT230-HT260) from the subsystem 
indicates the first byte is on ABI. The 
attachment gates ABI to OBI (GATE CONT DATA 
TO OBI - HT110) at Clock 2 of the EB 1 cycle. 

4. The attachment sets SERVICE OUT to the subsystem 
at Clock 3 of the EB 1 cycle, requesting the 
second sense byte. 

I 5. SERVICE IN (HT230 - HT260) from the subsystem 
I indicates the second byte is on ABI. The 

I 
I 
I 
! Cycle Steal Request 7 _ 
I 

I 
I 

I Z I Data Bus Out 
0-7 and P 

I 
I 
I 

Gate Cant Data 

I to OBI 

I 
I Service Out 

I 

I attachment gates ABI to OBI at Clock 2 of the I 
EB NOT 1 cycle. L_~ ________ ~ __________ ~ 

--- --- ---- -_._- ------._--------- --.--- .- ------ ------ ._---- -----" 

(--- (-" (- (- (- ( (' ( { ( 
- (' ( f (' ( ( 

I-OP I-Q I/O Cycle EB-l EB NOT 1 

5678 012345678 o 1 234 567 8 o 1 234 5 6 7 8 o 1 234 567 8 

I L 

Gate ABI to OBI 

Service In 
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DBa 5,6, and 7 
(N field) 

From A85 

---------------, 

1. The N field equals 100 indicating an LSR sense 
(MTDAR). The attachment sets the SENSE LSR 
LATCH (HT340 - HT360). 

2. The attachment sets LSR SELECT 5 and 7 (HT340) 
at Clock 2 of the EB 1 cycle to select the low 
order half of the MTDAR. The data from the 
MTDAR is stored in the main store location 
selected by the instruction. 

3. The attachment sets LSR SELECT 5 and 7 (HT340) 
at Clock 2 of the EB NOT 1 cycle to store the I. 

I 
I I 

high order half of the MTDAR in main storage. 

L ________________ J 

o ;/ 

(r~ 
'~jJ 

LSR Sense Latch 

LSR Select 5 
~ 

LSR Select 7 . \ 
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Index 

A 

Abnormal Conditions, Tape Unit 
ABO Parity Error • 
AC Connectors ••••• 
AC Power ••••••• 
Adapter (See Attachment) 

Adapter Check 

System/3 
Description 
Summary 

Add Instruction 
Data Flow • 
Description • 

Address Decode, LSR 
Address In •• 
Address Out 
All Ones Byte 
Allow Envelope Loss 
All-Zero Byte • 

ALU Data Flow 
ALU Card Error 
ALU FRU Error 
Amplitude Sense Control 
Analysis of Tape Failure 
AND Instruction 
A Register 

Data In •• 

Description • 
LSR Output 

Arithmetic Logic Unit (ALU) 

Description • 
Theory 

Attachment 
Native. 
System 
System/3 

Data Flow. 
Description 
Error Checking 
Error Summary • 
Flowcharts 

I/O Cycles 
Load I/O • 
Sense I/O 

Start I/O • 
Test I/O • 

Operation Diagrams 

I/O Cycles 

Load I/O • 
Sense I/O 
Start I/O 
Test I/O • 

TU13 

• TC3 
TC15 
TC15 

• A1A,A48 
• A1A,A48 

TC17 
TCl 
TC9 

A42 
A42 

INTR03 

• TCll 
INTR03 

TC10 
TC3 

• TC3 
• TU9 

INTR05,Cl 
TC17 

TCl 
TCl 
TC9 

TCl 
TC10 

INTR09 
INTR09,A l,A42,A47 

Al,A47 
A2,A49 
Al,A47 

• A1A,A48 
• A1A,A48 

A9,A58 
A4,A53 

All,A60 
A7,A56 
A3,A52 

A32,A82 
A2l,A70 
A34,AS4 
A27,A77 
A16.A65 

.. ... 
( 

System/360/370 
Data Flow. 
Description 
Inputs 
Outputs •• 

Attachment Bus In 
Transfer to • • 

( '." 
., 

Attachment Control Tag Error 
Attachment Tags Out 

System/3 Attachment •• 
System/360/370 Attachment 

Purpose •• 
Auto Degaussing 

B 

Backspace Operation 
System/3 ••• 
System/360/370 

Backward 

Creep 
Read 
Wrap 

B Bus • 
Beginning 

Burst • 
of Block 

Ones • 

Bit 

of Tape (See Load Point) 
Zeros 

Binary 
Cell • 
Cell Boundary 
Microprogram Timing 
Misalignment • 
Pattern 
Page •• 

Period •• 
Shift Time 
Write •• 

Block 
Beginning of 

Data 
Recognition 

Branch Codes • 
Branch Instructions 

Branch on Condition (BOC) 
Branch Unconditionally (BU) 

Branch Test. • • • • • • • • 

A42 
A43 
A42 
A42 
A42 

TCl 
TC4 

Al,A47 

• • A42 
Al,A47 

• • TU2 

• MP9 
MP42 

INTR03 
• INTR010 

INTR05 

• • TCl 

INTR03 
INTR03 
INTR03 

INTR03 

INTR01,INTR04 
INTR04 
INTR04 

TC13 
INTR02 
INTR04 

• • TC7 
INTR04 

• INTR04,TCll 

• TC13 

INTR03 
INTR03 
INTR03 

Bl 

TC16 

TC17 
• TCl 

(- (-- f r-
.. 

Bus In 

System/360/370 Attachment • A42 
Tape Unit • • • • • • • • TU14 

Bus Out 

Check • • • • • • • • • • • • • • • MP39,MP52,TC3 
System/3 Attachment • • • 
System/360/370 Attachment 
Tape Unit 

Byte •••••• 
Packing ••• 

Byte Count (Write) 

c 
Capacitive Sense (Vacuum) 
Capstan, Tape Drive 

Control 
Description • 
Location 
Motor ••• 

Speed ••• 
Vacuum Connection 

Channel 
Bus In ••••• 
Bus Out •••• 

Communications 
Interface. 

ChannelDBO 
System/3 

Channel End 
Check Characters 
Cleaner Blade 

Location 

Wear •• 
Cleanliness 

Importance. 
Methods •• 

Clipping Levels 
Clock 

Hardware 
Write •• 

Clock Out 
System/360/370 Attachment 

Codes 
Branch Condition 
Microinstruction 
Transfer •••• 

Command Out 
System/360/370 Attachment 

Command Reject 

Al,A47 

• • A42 
• TU14 
INTROl 
INTR05 

TC13 

TU5 

• TU6 
• TU6 

•• TU4,TU6 

• TU6 
• TU6 
TU10 

INTR09 
INTR09 
INTR08 

• • A42 

• A1A,A4S 

• MP64 
INTR03 

• • TU4 
INTR06 

INTR05 
INTR07 

TC12 

TC1.TC6 
TC13 

A42 

Bl 
TC16 

Bl 

A42 
MP40 
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Commands 
Purpose of 
To Subsystem 
To Tape Unit • 

Construction, Tape • 
Contamination. Tape 
Control 

Capstan •• 
Commands. 

System/3 
Of Subsystem 

Manual ••• 
Power •••• 

Control Unit (See Tape Controll 
Control Unit End. 
CRC Character 
Creases in Tape 
Creep 

Backward 
Forward • 

Cross Crease 
Crosstalk •• 

Check •• 
Cupped Tape 
Curvature. Tape 
Cycle, Instruction 

Definition 
Length 
Timing 

Cycle Steal Request 

.. 

Cycle Tag Lines (System/3) 

D 

Damaged Tape 

Data 
Blocks ••• 
Block Recognition 
Buffering (Read) 
Bus Out (System/3 Attachment) 
File •• 

Format 
NRZI • 
Phase Encoded 
Recording of • 

Security Erase 
Time •••• 

• INTR010 
• INTR010 

INTROS 
INTROl 

INTR07 

• • TU6 
• INTi1010 

• • MPS 
INTROS 

INTR09 
TC15 

MP38 
INTR03 
INTR05 

INTR03 
INTR03 

INTR05 
INTR02 

.INTR010 
INTR05 
INTR05 

TCl 
TC6 
TC6 

A33 
Al.A47 

INTR05 

INTR03 
INTR03 

• TC12 
A1S.A67 
INTR03 
INTR03 
INTR03 
INTR03 
INTR04 

.INTR010 

• INTR04 
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Data Flow 
ALU 
BOC 
BU • 
Instruction Counter 
Interface • '. .'. • 
Local Storage. • • 
Logical Instructions 

Read •••••• 
Read Only Storage 
Read Simplified 

Sense •• 
Store •••• 
Subsystem •• 

" 

" 

System/3 Attachment 

System/360/370 Attachment 

Tape~ontrol • • • • 
Tape Unit Simplified • 
Transfer • • • • 
Write ••••• 
Wr'iteSimplified ~ 

Data Ready' 
First '. 
Read 
Write 

DBus: ' 

DC' Conne6tors 
DC Pow~r '~ • 

Degaussing, Auto .' 
Depres~lons in Tape 
Deskew 

Circuits ~ • • • 
, Power' Distribution 

Read '. ; ••••• 
Write • : ••••• 

Description of Subsystem 
Detection,PE Read 
Device End ' ; • 

Diagnostic 
Commands. 

'Measure;" 
Write • ; • 

, Distortiop of Tape 

Di,rt, ,Effect oil Tape 
DOS Recording 
D'Register , 

, 'ALU Output 

Rea'd~Back Checking • 
Read Data Flow. 

"Simplified'.'. • 

Write Data Flow 
D~ive, Reel • • • • 

" 

TC10 
TC16 

, TC17 

• TC7 
TU14 

• Te9, 
TC17 

TC12 

• TC8 
• TC4 
TC14 

, TC18 

INTR09 
A2,A49 

A43 

• TC2 
• TU1 
TC18 
TC13 

TC5 

TC1 

TC12 
TC13 

• TC1 
TC15 
TC15 

• TU2 
INTR05 

INTR09 
TC15 

• • TU2 
• • TU2 
INTR08 

Tci1 
• MP64 

• INTR010 

• INTR011 
• INTR010 

INTR05 
INTR07 

C3 

TC10 
TC13 
TC12 

TC4,TC5 
TC13 

• TU4,TU5 

DSE 
Description • 
Failure ••• 
Flowcharts 

System/3 
System/360/370 • 
System/370 Model 125 

Dust, Effect on Tape • • • • 

E 

Edge 
Creases 
Nicks • 
Rippled 
Shavings. 

Wavy •• 
Eight Stage Shift Clock 
Electrical Skew • 
Embossing Tape • 

Ending 
Burst • • • • 
Ones •••• 
Sequence, System/370 Model 125 

Zeros ••• 
Erid of Data 

Description • 
Theory 

End-of-Tape Marker 
End Velocity Check 
Enveiope Check • • 
Environmental Problems 
Equipment Checks Recording 
Erase Gap 

Command ••••• 
System/3 •••• 
System/360/370 • 
System/370 Model 125 

Erase Head 
Description • 
Location of • 
Tape Path • 

Erasing Tape • 
EREP Recording 

Eroded Oxide 
ERP •••• 
Error 

Checking 
Tape Control 

Indication 
Diagnostic Program • 

Recording and Analysis 
Recovery Procedure • 
Summary 

Hardware Detected 
Microprogram Detected 

• INTR010 
TU13 

MP28 
MP57 
MP88 

INTR07 

INTR05 
INTR06 
INTR05 
INTR06 
INTR05 

• • TC6 
.' INTR02,TC11 

INTR05 

INTR03 
INTR03 

• 'MP94 
INTR03 

• • TC1 
• TC12" 

INTR01,TU4,TU7 

• MP63 
• TC12 
INTR07 

C2 

• INTR010 

MP29 
MP58 
MP89 

INTR01,TU8 
• TU4,TU8,TU9 

• • TU8 
INTR01 

C3 
INTR05 
INTR02 

TC3 

TC3 
C1 

INTR02 

TC3 
TC3 

Errors 
ABO Parity. 
ALU Card • 
ALU FRU 
Attachment 

System/3 
Attachment Control Tag 
Bus Out ••••• 
Instruction Counter 
Instruction • • 
Instruction Tag 
ROS Parity. 
Temporary 
Permanent 
Transfer • 
VRC 

Examples of Operations 
Microprogram 
Transfer •••••• 

F 

Failure Analysis, Tape 
Feedthrough 

Compensation 
Definition 

Field 1 and 2 of Microinstruction • 
File 

Reel ••• 
File Protect 

Assembly 
Description • 
Indicator. • 
Switches •• 

Power Distribution 
Filters, 15V Supply • 
Flowcharts 

Microprocessor 
System/3 

Backspace Block/File. 
Control Commands 

" Data Security Erase • 

Erase Gap Command • 
Forward Space Block/File •• 

Idle/ Address OLlt Routines 
Load I/O ••• 
Overview ••••••• 
Read Operation • • • • 
Rewind/Rewind Unload 
Sense I/O 
Start I/O • • • 
Update •••• 
Write Operation 
Write Tape Mark 

TC3 
TC3 
TC3 

A1A,C2,A48 

TC3 
TC3 
TC3 
TC3 
TC3 
TC3 

INTR02,C1,C2 
INTR02,C1,C2 

TC3 
TC3 

TC1 

TC18 

INTR05 

• • TU2 
INTR02 

• rC16 
INTR03 
INTR02 

TU8,TU10 

INTR02,TU8 

.. 

• TU3 
• TU8 
TC15 
TC15 

• MP9 
• MP8 
MP28 
MP29 
MP13 

• MP2 

• MP5 
• MP1 
MP18 
Mp16 

• MP6 
• MP7 

• • MP4 
MP23 
MP31 
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System/360/370 (Except Model 125) 
Data Security Erase 

Ending Sequence 
Erase Gap 
Halt I/O ••• 
Idlescan ••• 
Initial Selection 
Overview ••• 
Read Operation 
Rewind/Rewind Unload 

Sense Operation • 
Space Operation • 
Start I/O • • • 
Test I/O •••• 
Write Operation • 
Write Tape Mark 

Flux, Magnetic 
Force 

Flip-Flop. 
Signal •• 

Format, Data 
Forty Zeros 
Forward 

Creep • 
Read • 

Fuses, 15V Supply 

G 

Gap 
Erase Command 
Erased.' • 

Interblock 
Load Point 

Gate Bus Out 
Gate Write Data 
Guiding Tape 

: ,. 

H 

Halt I/O 
System/360/370 Attachment 

Description • • • • • 
Flowchart •••••• 
System/370 Model 125 

Handling Tape. • • • • • 
Hardware Detected Errors • 
High Humidity. '. 
High LSR •••• 
High Temperature 

Hold Out 
System/360/370 Attachment 

Housekeeping 
Importance ••••••• 
To Prevent Contamination 

Humidity ••••••••• 

C) C) 

. . .~ .. ' 

MP57 
MP63 
MP58 
MP66 
MP35 
MP37 
MP33 
MP46 
MP44 

MP41 
MP42 
MP38 
MP38 
MP50 
MP60 

INTR01,INTR04 
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• TC11 

• TC11 
INTR03 
INTR03 

INTR03 
• INTR010 
•• TC15 

• INTR010 
INTR01 

INTR03 
INTR03 

• TC13 
•• TC13 

INTR02 

• A42 
MP66 
MP96 

INTR07 

• ; TC3 
INTR07 

• • TCS 
INTR07 

• • A42 

INTR05 
INTR07 
INTR07 
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I/O. Check 
Description 

Cycle 

IBG 

Dperation Diagram 
System/3 Attachment. 

NRZI End of Data 

Timing Test 
Idle (System/3) • • 

Idlescan (System/360/370) 
Indentations in Tape • • 
In-Flight Error Correction • 
Information on Tape • • • 
Instruction, Microprogram • 
Instruction Counter 

Addressing RDS 
Description • 
Error 
Lookahead • 
Theory 

I nstruction Cycle • 
Instruction Error • 
Instruction Tag 

Error Summary • • • • • • 
Dut (System/3 Attachment) 

Interblock Gap 
Interchangeability of Tape •• 
Interfaces. • • • • • • • • 
Interrupt Requests (System/3) 
Inverted Write Data 
Inv Q 

I/O. 
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• INTRD3 
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• INTRDll 
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INTRD5 

TC12 
INTRDl 

TC16 
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TCl 
TC3 

TC3 
Al,A47 
INTRD3 

INTRD1,INTRDS 
INTRDS 
Al,A47 

TC13 
A1A,A4S 

Conditions 
Cycles. 

A 17 ,A20,A22,A24,A66,A69,A71,A 73 

IRG (lBG) •• 

L 

Lamp Failure 
Left Column Fail 
Load 

Byte 

I/O. 
Description 
Flowchart • 
Dperation Diagram 

Pushbutton. • • • 

Dperation Sequence 
Loaded, Tape Unit 
Load Point Delay 
Load Point Marker 

Description • 
Erased Gap 

A32,AS2 

• ••••••••••• INTRD3 

TU13 
TU13 

• INTRDll 

Al,A47 

• • MP5 
A2l,A70 

• • TU3 

• TU11 
INTRD2 
INTRD3 

INTRD1,TU7 
•• INTRD3 

{/ 

Load Rewind 
Flowchart 
Pushbutton. • • • • 

Local Storage Registers 

Description. • • • 
Read Back Checking 
Read Data Flow • 
Sense Data Flow 

Theory 
Write Data Flow 

Log Analysis 
Logical Instructions 

ALU Dperation 
Description. • 

Dperation Code 
Stepping IC 

Logical Dperations 
ALU Dperation 
Description. • 
Dperation Code 
Stepping IC 

Logic Board Power. 
Long Cycle Timing • 
Lookahead, IC. • • 
Loop Write to Read 
Loose Wrap. 
Low Humidity ••• 
Low LSRs 
LP (See Load Point) 

LRC Character. • • 

M 

Machine Reel 
Magnetic 

Flux ••• 
Tape 
Tape Quality 

Theory, Applied to Tape 
Markers, Reflective. 
Master Skew Tape 
Mechanical Skew 

Description • 

Metering •• 
Metering In • 
Metering Dut 
Meter Power 
Microinstructions 
Microprocessor 

Description. • • • • • • • 
Flowcharts (See Flowcharts) 

( 

TUll 

• TU3 

TC1,TC9 
TC13 
TC12 
TC14 

. , 

• TC9 
TC13 
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• TCS 
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TC17 
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INTRDl 
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INTRDl 
INTRD2 

INTRD2,TU9 

INTRDS 
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TC15 

TC16 

INTRD9 

( 

Microprogram 
ALU Dperation 

« 

Control of Tape Control 

( 

Description. • • • • • 
Flowcharts (See Flowcharts) 
Instructions 

Dverview 
System/3 
System/360/370 • 

Read Data Flow. 
RDS ••••• 
Sample Listing • 
Write Data Flow 

Microprogram Detected Errors 
Misalignment of Bits 
Models 

Tape Unit 
Subsystem 

Mode 2 Set. 
Modified Instruction 
Motor Control, Reel 
Multi-Track Error 

N 

( 
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TC10 
TCl 

INTRD9 

TC16 

• MPl 
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TC12 

• TC8 
Bl 

TC13 

• TC3 
INTRD2 
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INTR08 

INTRD10 
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• TU5 
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Native Attachment 
N Field ••••• 

Nicks, Edge ••• 
Noise (Feedthrough) 
NRZI 
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• • INTRD.6 
INTR02,TU2 
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Data 

End of Data 
Identification 
Read 
Recording Method 

Tape Mc'rk ••• 
Write ••••• 
Write Waveform 

Dnes Data Track Signal 
Dnes Marker 

Binary •••••••••• 
Dperational In 

System/360/370 Attachment 
Dperational Dut 

System/360/370 Attachment 
Dperation Code, Microinstruction • 
Dperator's Panel 

Description. • • • 
Layout •••••• 
Power Distribution 
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INTRD4 
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Dverrun Error • • 
Dverview 
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Microprogram 

System/3 • 
System/360/370 • 

Dxide 

p 

Eroding •• 

Magnetizing 
Voids ••• 

Packing Bytes 
Page Register 

IC Loading 

Read Only Storage 
Panel, Dperators 
Parity 
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Read 
Write 

P-Bit Stat. 
PE 

Block Description 
Block of Data 
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Identification 
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Read 
Recording 
Tape Mark 
Write •• 
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INTRDl 
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INTRD3 
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•• TCl 
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INTRD4 
INTRD4 
INTR03 
INTRD4 
INTRD4 Write Waveforms 
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PE Read Data Flow and Error Correction 
PE Read Detection and Skew Buffers 

Read Back Checking 
Theory 

Permanent Errors 
Description. • • • • • • • 
Recording •••••••• 

PET (Phase Error Track Register) 
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