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| The 1/0 interface is

one type of commu-
nication link between a channel! and the
various I/0 control units in IBM
Systam/360 and System/7370. It employs
information formats and control-signal
sequencing that provide a uniform means
for attaching and controlling various
types of control units.

Information -- in the form of commands,
data, status information, sense informa-
tion, control signals, and I/0-device
addresses -- is transmitted over the
time- and function-shared lines of this
interface. All exchanges of information

are between a channel and attached
control units.
The design of this interface provides

the following important features:

. Consistency in
programming over a
control units.

input/output
wide range of

. A ready physical connection to
System/360, System/370, ECPS:VSE,
and 370-XA channels of control

units designed by any manufacturer
to operate with this interface.

° The means to physically accommodate

future control units designed to
meet the parameters of this inter-
face.

L4 The capability for providing an

interlocked interface operation

that is, in most cases,
time-independent; this feature
increases the range of control

units that may be attached.

. The capability for providing a
noninterlocked interface operation

that permits attachment of control
units having higher data-rate
requirements than those achievable
through interlocked operations.

L The servicing of wup to eight
control unit attachment pornts for
each set of lines.

This manual provides a functional
description of the interface lines; a
description of the electrical, mechan-
ical, and cabling considerations; and an
operational description of the I/0
interface. It does not define the
interface between control wunits and I/0
devices. Additionally, the flow
diagrams (Figures C-1 through ¢€-8) and
the sequence charts (Figures C-9 through
C-13) in Appendix C are provided as
examples only and should not be used as
a means of obtaining precise definitions
of interface sequences. Refar to the
main body of this manual for the I/0-
interface-sequence definitions.

Unless otherwise stated, the information
in this manual pertains to control units
attached to only one I/0 interface.

For a specific IBM channel or control
unit that implements this interface,
parts of the I/0 interface definition

are model-dependent or
for further information,
appropriate
that unit.

may not apply;
refer to the
System Library manual for

No statement in this manual should be
construed as limiting extensions to the
I/0 interface. The 1I/0 interface, or
any aspect of the I/0 interface, may be
altered from time to time by IBM or may
be withdrawn by IBM in part or in whole.

T The term "channel"™ is used in this manual when referring to the end of the inter-

face with which a control unit communicates. When
the System/360 architecture,
and System/370

understood to apply to
ECPS:VSE architecture,

the term is used, it should be
System/370 architecture,
Extended Architecture (370-XA). If,

howaever, the description applies only to systems operating in the 370-XA mode, the

tarm "channael subsystem™ is used instead.
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Input/output (I/0) davices are used to
provide external storage, to communicate
between data-processing systems, and to
communicate between a data-processing
systam and the external world.

I System 1
c::;" c:::" Channel-to-
A B Channel Adapter
——

1/0 Interface C ———————— 3

CHAPTER 1. FUNCTIONAL DESCRIPTION

I/0 davices arae attached +to
| procaessing units

control

units and channels in

(CPUs)

by means

configurations (Figure 1-1).

System 2

Chan-
nel
[

Chan-
nel
D

1/0 Interface B —»

l€— 1/O Interface A

F | [

| SR— - J
Shared (Multi- Shared (Multi-
‘device) device)
Control Unit Control Unit
Shared | J_
I Multi- | p—e e — —_——

device)
Control
Unit

Shared Switch

— —_—— —_—— -
1/0 /0
Device Device
are
(Multi-
device)
Control 1/0 1/0 1/0 1/0
Unit Device Device Device Device

(Single~

I device) 1/0
Control Device
Unit

(Multi-
p————————] device)

1/0 Interface D —>‘

Shared -}

Control
Unit

Multiple H
Independent
(integrated)
Control

{Multidevice)
Control Unit

Terminator Block

| Figure 1-1.

Chapter 1.

170 Interface -- Example of Multiple-Channel Configurations

Functional Description

central

of

various

1-1



Tha channel directs the flow of informa-
tion between control units and main
storage.

The control unit provides the logical
capability necessary to operate and
control an I/0 device, and it adapts the
charactaeristics of each 1/0 davicae to
the standard form of control provided by
the channel. A control unit may be
housed separately or it may be phys-
.ically and logically integrated with the
I70 device. '

An 170 daevice attached to the control
unit may be designed to perform only
certain limited opaerations, such as
recording data and moving the recording
medium. Regardless of the design, the
I/0 davice needs detailed signal
sequances peculiar to that type of I/0
device to accomplish these functions.
The control unit decodes commands
received from the channel, interprets
them for the I/70 daevice, provides the
signal sequence for executing the oper-
ations, and raports the status of
opaerations to the channeal.

One method of connection between a chan-
nel and a control unit is called the I/0
interface. Each I70 interface, which
consists of parallel signal lines that
connect a number of control units to a
channel (Figura 1-1), provides a common
signaling protocol and information
format to all control units that connect
to the channel. All signals, of the I/0
interface, with the exception of
selection signals, are available to all
control units attached to that 1I/0
interface at the same time (Figure 1-2).
However, only one control unit can be
connected logically to each 1/0 inter-
face at any one time. Selection of a
control unit by the channel is
controlled by a signal passing serially
through all control units attached to
one 170 interface. This serial passing
of the selection signal permits each
control unit, in turn, to respond to the
other signals provided by the channel.
Once the control unit is selected, it
raeamains logically connected to the 170
interface until it completes the trans-
fer of the information it has or needs,
or until the channel signals the control
unit to disconnect.

Highest Priority Lowest Priority Second Highest Priority Terminator
Channel Control Unit Control Unit Control Unit M&ck
Out Lines . Out Lines ; 7
\/ AV !
T ) R R R |
__In Lines L In Lines { I
N T .V I R VAR N N |
l
T R D D D T |
|
K1 Kl |
e ¥ ]

I
T Select Out__ |{ SI T R o ° Sele¢tOut || S T L :
R D R D R ] :
Internal Intemal Internal I
s Selection Selection Selection Selection 1 ‘
Circvitry Circuitry Circuitry Circuitry l
D R l
_ Select In . o B 2 =Se|ec9 In PP { I

M o - N T
I
K1 l
* |

D Driver
R Receiver
T Terminator

Figura 1-2.

Interconnections on the 170 Interface

1-2 System/360 and System/370 I/0 Interface Channel to Control Unit OEMI
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The I/0-interfaca addrassing facilities
can accommodate up to 256 directly
addressable I/0 devices. Houwever, with-
in tha given address limitations, and
becausa of timing and electrical consid-
erations, the number of control unit
attachment points that can be accommo-
dated is generally limited to eight.
One attachment point may be associated

with a (single-device) control unit, a
shared (multidevice) control unit, or
multiple independent (integrated)

control units.

facilities of the
interface permit operating a number of
the 256 I/0 devices concurrently on a
single I/0 interface; portions of vari-
ous messages can be transmitted over the
I70 interfaca in an interleavad fashion
to or from different I/0 devices, or a
complate message can be transmitted in a

The multiplexing

single I/0-interface operation. The
oparation actually performed is deter-
mined by the particular command,

channel, and control unit.

The rise and fall of all signals trans-
mitted over the 170 intarface are gener-
ally controlled by interlocked
responses. The interlocked sequences
remove the dependence of the I/0 inter-
faca on circuit speed and make the I/0

Chapter 1.

interface applicable to a wide variety

of circuits and data rates.
Furthermore, interlocking permits
connacting control units of different
circuit speeds to a single channel.

Those sequences that are not interlocked
allow for designs capable of achieving
higher data rates than those achievable
through interlocked sequences. However,
the electrical specifications of
circuits not using interlocked sequences
are mora restrictive and do not allow as
wide a range of possible circuit speeds.

LINE DEFINITION

The 170 interface connects a channel
with control units. External cables
physically connect all control units in
a chain, with only the first control
unit directly cabled to the channel.
See Figures 1-1 and 1-2.

I/0~INTERFACE LINES

The I/0-interface lines and their uses
are described in Figure 1-3.

Functional Description 1-3



Line Name Abbreviation Uses

Bus 0 out position P Bus 0 out P

Bus 0 out position 0 Bus 0 out 0

Bus 0 out position 1 Bus 0 out 1

Bus 0 out position 2 Bus 0 out 2

Bus 0 out position 3 Bus 0 out 3

Bus 0 out position 4 Bus 0 out 4 The "bus out' lines are

Bus 0 out position 5 Bus 0 out 5 used to transmit informa-

Bus 0 out position 6 Bus 0 out 6 tion (data, I/0-device

Bus 0 out position 7 Bus 0 out 7 address, commands, control
information) from the

Bus 1 out position P Bus 1 out P channal to the control

Bus 1 out position 0 Bus 1 out 0 unit. (Bus 1 is only

Bus 1 out position 1 Bus 1 out 1 available with the bus-

Bus 1 out position 2 Bus 1 out 2 extension feature.)

Bus 1 out position 3 Bus 1 out 3 ~

Bus 1 out position 4§ Bus 1 out 4§

Bus 1 out position 5 Bus 1 out 5

Bus 1 out position 6 Bus 1 out 6

Bus 1 out position 7 Bus 1 out 7

Bus 0 in position P Bus 0 in P

Bus 0 in position 0 Bus 0 in 0

Bus 0 in position 1 Bus 0 in 1

Bus 0 in position 2 Bus 0 in 2

Bus 0 in position 3 Bus 0 in 3

Bus 0 in position ¢ Bus 0 in % Tha 'bus in' lines are

Bus 0 in position 5 Bus 0 in 5 used to transmit informa-

Bus 0 in position 6 Bus 0 in 6 “tion (data, selected I/0-

Bus 0 in position 7 Bus 0 in 7 daevice address, status
information, sense infor-

Bus 1 in position P Bus 1 in P mation) from tha control

Bus 1 in position 0 Bus 1 in 0 unit to the channel.

Bus 1 in position 1 Bus 1 inl (Bus 1 is only available

Bus 1 in position 2 Bus 1 in 2 with the bus-extension

Bus 1 in position 3 Bus 1 in 3 feature.)

Bus 1 in position % Bus 1 in &

Bus 1 in position 5 Bus 1 in 5

Bus 1 in position 6 Bus 1 in 6

Bus 1 in position 7 Bus 1 in 7

Mark 0 in Mk 0 in The mark lines are used to

Mark 0 out Mk 0 out indicate the buses being

Mark 1 in Mk 1 in used. (Except for "mark O

Mark 1 out Mk 1 out in', these lines are only

Mark in parity Mk in P availabla with the bus-

Mark out parity Mk out P extension feature. "Mark 0
in' is also available with
the command-retry feature.)

Address out Adr out The tag lines are used for

Address in Adr in interlocking and control-

Command out Cmd out ling information on the buses

Status in Sta in and for spacial saquaences.

Service out Srv out ("Data out' and 'data in'

Service in Srv in are only available with tha

Data out Dat out high-speed-transfer or data-

Data in Dat in streaming features.)

Figure 1-3 (Part 1 of 2). I/0-Interface Lines

1-4 System/360 and System/370 1I/0 Interface Channal to Control Unit OEMI



Line Nama Abbreviation Usas

Opaerational out Opl out The selection-control lines

Operational in Opl in are used for tha scanning

Hold out Hld out or selection of attached I/0

Select out Sel out devices. ('Disconnect in'

Select in Sel in is only available with the

Suppress out Sup out I/0-error-alert feature.)

Request in Req in

Disconnect in Dis in

Metering out Mtr Out The metering-control lines

Metering in Mtr in are used for conditioning

Clock out Clk Out the usage meters located
in‘the various attached
units.

Figure 1-3 (Part 2 of 2). I/0-Interface Lines

The remainder of this chapter discusses and one parity line. Information on the
those lines that are available with the buses is arranged so that bit position 7
basic I/0 interface. For information of a bus always carries the rightmost
concerning lines that are only provided bit within an eight-bit byte. The left-
when features are implemented, see Chap- most bit is in position 0, and the
ter 3, "Features."” intervening bits are in order from posi-
tion 1 to position 6.

Note: Except when the data-streaming

feature is used, the validity of infor- When a byte transmitted over the inter-
mation on the buses and the timing of face consists of less than eight infor-
the signals on the tag lines are speci- mation bits, the bits are placed
fied for measurement at the channel contiguously in the highest-numbered bit
cable connectors. positions of the bus. Any unused lines

of the bus include the low-numbered
positions (position 0 and adjacent posi-
tions). Unused lines present logical
BUSES -- GENERAL zeros to the receiving end. The parity
bit of any byte appears in the parity
position (P). The byte always has odd
Each bus is a set of nine lines, parity (Figure 1-4).
consisting of eight information lines

Chapter 1. Functional Description 1-5



PACKED UNPACKED

BCD NUMERIC NUMERIC EBCDIC BINARY
BUS LINE (POSITION VALUE)  ( POSITION VALUE) (POSITION VALUE) (BIT POSITIONS)  ( POSITION VALUE )
P P P P P P
0 (unused) 8 0 Zone 0 128
1 (unused) 4 Digit 0 or 1 64
2 B 2 X 0 Sign 2 32
3 A 1 0 3 16
; 8 8 Digit 8 4 8
4 4 X+1 4 . 5 4
6 2 2 or g ( Disit 8 2
7 1 1 Sign 1 7 1
X = Higher order digit ‘
X 4 1 = Lower order digit
| (unused) = Logical Zero
Figure 1-4. Organization of Information on the Bus
Bus Qut out' must be valid from the rise of

Yaddress out' until the rise of 'opera-
tional in' or 'salect in'. In the

'Bus out' is used to transmit addresses, short~busy sequence, the I/0-davice
commands, and data to control  units. address on the bus-out 1line must be
The type of information transmitted over valid from tha rise of 'address out!
'bus out' is indicated by the outbound until the fall of 'status in'. When the
tag lines: channel is transmitting any other type
of information, the information on 'bus
1. Except for interface disconnect, out' is valid from the rise of the
when 'address out' is up during the signal on the associated outbound tag
initial-selection sequence, ‘bus line until the fall of the signal on the
out' specifies the address of the rasponding inbound tag line.
170 devica with which the channel
wants to communicate. (Sea "Inter- Some skew on 'bus out' is accommodated
faca Disconnect” in Chapter 2, by the channel. The channel provides a
"Oparational Description.") delay that accommodates skew caused by
its own circuitry .and, in addition,
2. When 'command out' is up in provides a delay of at least 100 nanose-
response to 'address in' during the conds. This delay compensates for skew
initial-selection saquance, 'bus caused by the cable and, for most
out' specifies a command. control units, also is sufficient to
accommodate the skew caused by the I/0-
3. When 'sarvice out! is up in interfaca raceivers. (Excapt as noted
rasponse to 'sarvice in' (or 'dats undar "Addrass Out"™ in this chapter, the
out' is up in response to ‘'data channael delays raising of the signal on
in') during the execution of a the outbound tag lines so that the
write or control command, 'bus out’ information on 'bus out' precedes the
specifies a data byte that is being signal on the outbound tag line by at
transfarred betwean the channel and laast 100 nanosaconds. This delay is
tha control unit. For aexample, measured at the channel cable connectors
during an operation that is speci- and under the worst-case skew
fied by a write command, 'bus out' conditions.) The control unit, when it
contains data to be recorded by the can cause more skew, provides additional
I70 device. During an operation daelay to compensate for the skeuw.

that is specified by a control

command, 'bus out' may contain ‘
either data that describes in more

detail how the operation is to be Bus In

executad or a second-level address

within thae control unit or 1I/0

davice. 'Bus in' is used to transmit addresses,
| status, and data to the channel. A
| Note: When data streaming occurs, the control unit can place and maintain
following paragraph does not apply. information on 'bus in' only whaen its
(Sea "Data-Streaming Feature™ in Chapter 'operational in' is up, except in the
3, "Features.") short-busy sequence. (See "Short-Busy
Sequence” in Chapter 2, "Operational
| The period during which information on Description.")
'bus out' is valid is controlled by the
tag linaes. During transmission of the The type of information transmitted over
I/0~device address during the initial- 'bus in' is indicated by the inbound tag
salection sequence, information' on 'bus lines:

1-6 System/360 and System/370 I/0 Interface Channel to Control Unit OEMI



1. When 'addraess in' is up, 'bus in'
specifies the addrass of the
currently selected 170 davicea.

2. When '"status in' is up, 'bus in'
contains a byta of information that
describes the status of the I/0
davicae or control unit.

3. When 'sarvice in' (or 'data in') is
up during axecution of a read,
read-backward, or sense command,
the nature of the information
contained on 'bus in' daepends on
the type of operation. During a
read operation, it may contain a
byta of data from the reacord

madium. During a basic sense oper-
ation, 'bus in' contains data
describing unusual conditions

detected at the I/0 device.

ﬂﬂif‘ When data streaming occurs, the
following paragraph does not apply.
(See "Data-Streaming Feature™ in Chapter
3, "Featuraes.”)

information on
is valid is controlled by the
tag lines. Information on the bus is
valid within 100 nanoseconds aftar the
rise of tha associated inbound tag and
remains valid until the rise of the
responding outbound tag or, in a short-
busy saquence, until tha fall of 'select
out'. The 100-nanosecond delay between
the rise of the inbound tag and the time
the signal becomas valid on 'bus in'
placaes the raesponsibility on the channel
for deskewing ‘'bus in'. Tha channel
provides a delay in tha inbound tag
linas to accommodate skew caused by the
channel circuitry (including its receiv-
ers) and, in addition, providas a delay
of at least 100 nanoseconds. This delay
compansatas for skaw causad by the
cable, and, for most control units, for
the skew caused by thair drivers. This
dalay provides sufficient tima to deskew
tha information so that the inbound tag
can be raised by the control unit at the
sama tima information is placad on the
bus. UWhaen a control unit and cabla can
cause mora skew than can ba accommodataed
by a 100-nanosacond dalay, the control
unit provides the additional delay to
eliminate this greater skau.

The period during which
'bus in'

SELECTION CONTROLS AND TAG LINES

Operational Qut

'Oparational out' is =&
channal to all

lina from tha
attached control units
and is used for intarlocking purposas.
Except for 'suppress out', all lines
from the channael are significant only
when 'operational out' is up. Whaenever
'oparational out' is down, all inbound

Chapter 1.

lines from the control
any operation currantly in process over
the interface is resat. Under thesa
conditions, all control-unit-gaeanarated
interfacae signals are down within 1.5
microsaeconds aftaer the fall of 'opara-
tional out' at the control wunit. (Sea
"Salaective Resat" and "System Reset" in
Chaptaer 2, "Operational Description.")

unit drop, and

Reauest In

'Raquest in' is a linae from all attached
control units to the channel. This
line, whan raised, indicates that thea
control unit requires service and is.
requasting a saelection sequance.

'Request in' is dropped when:

1. ‘'Operational in' rises, unless
additional control-unit-initiated
sequences are required, or

2. The control unit is no longer raeady
to present the status information
or data, or

3. The selection requirement is satis-
fied by another path.

'Request in' never falls later than 250
nanoseconds after the fall of ‘opera-
tional in' if the sequence satisfies the

sarvice requirements of the control
unit.
'Request in' does not remain up when

'"suppress out' is up if the request is
for presentation of suppressible status.
(Sea "Suppress Status" in Chapter 2,
"Oparational Dascription.™) When tha
control unit is requesting a selection
saquencae in order to present suppressi-
bla status, ‘'request in' falls at the
control wunit within 1.5 microseconds
aftar the rise of 'supprass out' at thae
control unit.

'Raquaest in' can be signalad by wmore
than ona control unit at a tima.

Addrgss Qut

'Address out' is a tag line from the
channel to all attachad control units.
'Addraess out' is usad to signal all the
control units to dacode the I/0-daevice
addraess on 'bus out'. If the control
unit recognizes the address, it responds
by raising ‘operational in' when 'select
out' (or 'hold out') rises with 'address
out' still up (except in tha short-busy
sequence). (See "Selact Out/Hold Out
and Select In.") 'Address out' rises at
laast 250 nanoseconds after the I/0-
device address is placad on 'bus out' or
at least 250 nanoseconds after thae rise

Functional Dascription 1-7



of 'operational out', whichever
later. *Address out' is
least 250 nanoseconds before its rise
for 1I/0-device selection. If ‘address
out' falls before 'select out' rises,
the I/0-device selection is canceled.

occurs
down for at

"Address out’ can rise for device
selection only when 'select out' (or
'hold out'), 'select in', 'status in',
and 'operational in' are down at the
channel. Ultimate use of the I/0-device
address on 'bus out' at the control unit

is timed by the next rise of 'select
out' (or 'hold out') at the addressed
control wunit. Once 'address out' and

'select out' (or
'address out'
'select in' or

'hold out') are up.,
stays up until either
'operational in' rises
or, in the short-busy sequence, until
'status in' falls. Except when inter-
face disconnect is being signaled,
'address out' cannot be up concurrently
with any other outbound tag line.

"Address out' is also used in the inter-
face-disconnect sequence control. (See
"Interface Disconnect” in Chapter 2,
"Operational Description.™)

Select Out/Hold Qut and Select In

Control-unit selection is controlled by
'select out'’, ‘'select in', and ‘'hold
out'. ‘'Select out' and 'select in' form
a loop from the channel through each
control wunit to the cable terminator
block (*'select out') and again through
each control unit back to the channel
('selaect in'"). Control-unit-selection
circuitry may be attached to either
'selact out' or 'select in'. In this
manual, the selection circuity of all
control units is assumed to be attached
to 'select out'. All discussions that
apply to the selection logic of control
units attached to 'select out' equally
apply in cases where the control unit is
attached to 'select in'. The selection
priority is (1) all control units with
selection circuitry attached to 'select
out', in order of attachment from the
channel to the cable terminator block,
followed by (2) all control units with
selection circuitry attached to 'select
in', in order of attachment from the
cable terminator block to the channel.
(Seae Figure 1-2.) If selection is not
required, the selection signal is in
turn propagated by each control unit to
the next control unit on the line.

Each control unit ensuraes that the proc-
ess of electrically bypassing 'select

out' before pouwer changes does not
interfere with the propagation of
'select out'. Thus, 'salect out"'

discontinuities, which may occur when
another control unit on the I/0 inter-
face is pouwered up or down, do not

affect the propagation of 'select out'.

This protection should be accomplished
by the use of a special latch circuit.
The latch is turned on by the AND of
'select out' and "hold out' and is reset
by the fall of 'hold out'. The circuit
is in series with the remaining
selection circuitry in the control unit
and provides a constant T'select out?
within the control unit -- and therefore
to the following control unit -- regard-
less of variations in the input 'select
out' signal. (See Figure 2-1.)

Throughout the following description,
'select out' assumes the latch operates
properly, that is, the rise of 'select
out' at the control unit assumes that
'hold out' is up and that the fall of
'select out' is a result of the fall of
'hold out'. ‘ i

A control unit can
tional in' only at the rise of its
incoming "select out'. Once a control
unit propagates 'select out', it cannot
raise its 'operational in' or respond
with a short-busy sequence until the
next rise of the incoming 'select out'.

raise its 'opera-

When an operation is being initiated by
the channel, 'select out' is raised not
less than 400 nanoseconds after the rise
of ‘'address out', which indicates the
address of the device being selected.

The channel keeps 'select out' up until

'select in' rises, or at least until
Yaddress in' and 'operational in' have
both risen, or in the short-busy

sequence, until 'status in' rises.

'select out?
again until

When 'select in' rises,

drops and does not rise
after 'select in' falls.

A control unit becomes selected only
when it raises its ‘'operational in'.
After the drop of ‘'select out', the
control unit keeps 'operational in' up
until the current signal sequence is
completed. If a control unit raises
'operational in', it suppresses the
propagation of 'select out' to the next

control unit. If tha control unit does
not require selection, it propagates
*select out' to the next control wunit

"Inter-
in Chapter

within 1.8 wmicroseconds. (See
face Timeout Considerations™
2, "Operational Description.™)

When 'status in' rises in response to
'select out' in the short-busy sequence,
"select out' drops and does not rise
until 'address out' has dropped.

'Hold out' is a line from the channel to
all attached control units and is used
in conjunction with 'select out' +to
synchronize control-unit selection.

'Hold out' is also used to minimize the
propagation of the fall of 'select out'
by purging the "select out' signal from
the 'select out? signal path.
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'hold out' drops, it
doaes not rise for at least & microsec-
onds in general system configurations.
Thae minimum downtime of this signal may
be optionally adjusted at installation
time to a minimum of 2 microsaeconds to
handle high-speed channel configura-
tions. In all cases, the channel is
capable of providing the ¢4-microsecond
timing for general system
configurations. (See "System Configura-
tion" in Chapter 2, "Operational
Description.™)

Therefore, once

To prevent overlapping of interface
sequences, one of the following proce-
dures is performed:

1. 'Salect out' is not raised until
all inbound signals for the preced-
ing sequence are in a down state.

2. In tags are not considered valid
until 1.5 microseconds after the
fall of 'operational in' for the
preceding sequence.

'Select in' is a line that extends the
select out signal from the jumper in the
cable terminator block to the channel
(see Figure 1-2). It provides a return
path }o the channel for the 'select out'
signal.

Operatijonal In

'Operational in' is a line from all
attached control units to the channel
and is used to signal the channel that

an 170 device has been selected. 'Oper-
ational in' stays up for the duration of
the selection. The selected I/70 device
is identified by the address byte trans-
mitted over 'bus in' when 'address in'
is raised.

The risa of 'operational in' indicates
that an 1I/0 device is selected and the
control unit is actively communicating
with the channel. 'Operational in'
rises only when the incoming 'select
out' to the control unit is up and the
outgoing 'select out' is down; that is,
the control unit raises 'operational in!
only in response to the rise of 'select
out' and blocks the 'select out' signal
from being propagated to the next
control unit. 'Operational in' drops
only after 'select out' drops.

When 'operational in' is raised for a
particular signal sequence, it stays up
until 'select out' is down and all
required information has been transmit-
ted between the channel and the control
unit. When 'select out' is down, 'oper-

ational in' drops either (1) after the
rise of the outbound tag associated with
the transfer of the last byte of infor-
mation or (2) immediately if there is no
further required information to be tran-
smitted between the channel and the
control unit. With the exception of
'request in' or ' metering in', all
inbound signals are down within 100
nanoseconds after the fall of ‘opera-
tional in' at the control unit.?

Address In

'Address in' is a tag line from all
attached control units to the channel
and is used to signal the channel when
the address of the currently selected
I/0 device has been placed on 'bus in'.
During an initial-selection sequence or
a control-unit~-initiated sequence, the
channel responds to ‘address in' by
raising 'command out'. 'Address in'
stays up until the rise of 'command
out'. 'Address in' must fall so that
"command out' may fall. 'Address in' is
not up concurrently with any other
inbound tag line.

Command Qut

YCommand out' is a tag line from the
channel to all attached control units
and is used to signal the selected I/0
device in response to a signal on
'address in', 'status in', 'data in', or
'service in'. The rise of "'command out"'
indicates that any information on 'bhus
in' is no longer required to be valid.
"Command out' stays up until the fall of
the associated 'address in', ‘'status
in', 'data in', or 'service in'. Howev-
er, when the data-streaming feature is
used, 'command out' is not interlocked
with "service in' or 'data in'. (See
"Data-Streaming Feature” in Chapter 3,
Y"Features.™) *Command out' is not up
concurrently with any other outbound tag
line, except during an interface-
disconnect sequence, when 'address out'
may be up. (See "Interface Disconnect™
ip Cn?pter 2, "Operational Descrip-
ion.

During an initial-selection
‘command out' rising in response to the
rise of ‘'address in' indicates to the
selected I/0 device that the channel has
placed a command byte on 'bus out'.
(The command byte has a fixed format.
See "Commands"™ in Chapter 2, "“Opera-
tional Description.") 'Command out' in
response to 'data in' or 'service in'

sequence,

1 For control units and devices designed before January 1, 1977, all inbound signals

except 'request in' and

"metering in' are down within 1.5 microseconds after the

fall of 'operational in' at the control unit.

Chapter 1.
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always means stop. (See "Stop™ in Chap-

ter 2, "Operational Description.”)
During a control-unit initiated
sequence, ‘command out' in response to
'address in' means proceed. (See "Pro-

ceed™ in Chapter 2.) ‘'Command out' in
response to 'status in' means stack.
(Sea "Stack Status"™ in Chapter 2.)

When 'command out' is raised to indicate
proceed, stop, or stack, 'bus out' has a

byte of all zeros but does not necessar-

ily have correct parity. 'Bus out' is
not checked for parity or decoded as a
command by the control unit under these
circumstances.

Status In

a tag line from all
attached control units to the channel
and is used to signal the channel when
the selected control unit has placed
status information on 'bus in'. The
status byte has a fixed format and
contains bits describing the current
status at the control unit. (See "Sta-
tus Byte" in Chapter 2, "Operational
Description.™) The channel responds by
raising either '"service out' or 'command
out' or, in the case of the short-busy
sequence, by dropping 'select out'.

*Status in' is

'Status in' is not up concurrently with
any other inbound tag line, and does not

risa if any out tag is up, except
'address out’ in the short-busy
sequence. 'Status in' stays up until
the rise of an out tag or, in the

short-busy sequence, until ‘'select out'
falls. 'Status in' must fall so that
the responding out tag may fall. In the
short-busy sequence, status information
on 'bus in' is valid until 'select out'
(or "hold out') falls.

Service Qut

'Service out' is a tag line from the
channel to all attached control units
and is raised to signal the selected I/0
“device when 'service in' or 'status in'
has been recognized. A signal on 'ser-
vice out' indicates to the selected 1/0
device that the channel has accepted the
information on "bus in', or has provided
on 'bgs'out' the data requested by 'ser-
vice in'.

Note: When data streaming occurs, the
following two paragraphs do not apply.
(See "Data-Streaming Feature™ in Chapter
3, "Features.")

When 'service out' rises in
either to 'service in'
read-backward, or sense

i response
during a read,
operation or to

| Note:

Ystatus in', the information

placed on
'bus in' by the

control unit has been
accepted by the channel . In these
cases, the rise of 'service out' indi-
cates that the information on 'bus in'
is no longer required to be valid and is
not associated with any information on
‘bus out'. When 'service out' rises in
response to '"service in' during a write
or control operation, the risae of 'ser-
vice out' indicates that the channel has
plieed the requested information on 'bus
out'.

'Service out' stays up until the fall of
the associated ‘'service in' or 'status
in'. 'Service out' is not up concur-
rently with any other out tag except
during an interface-disconnect sequence,
when 'address out' may be up. (With the
high-speed transfer feature, 'data out'
and 'sarvice out’ may be up
concurrently.)

Service In

'Sarvice in' is a tag line from all
attached control units to the channel
and is used to signal to the channel
when the selected I/70 device is ready to
send or receive a byte of information.
The nature of the information associated
with '"service in' depends on the opera-
tion and the I/0 device. The channel
responds to the rise of 'service in' by
raifing either 'service out' or 'command
out'.

When data streaming occurs, the
following two paragraphs do not apply.
(See "Data-Streaming Feature™ in Chapter
3, "Features.")

During read, read-backward, and’ sense
operations, 'service in' rises uwhen
information is available on 'bus in'.
During execution of operations specifiead
by either a write or control command,
'service in' rises when information is
required on 'bus out’'. 'Service in' is
not up concurrently with any other
inbound tag line. 'Service in' stays up
until the rise of either 'service out’',
*command out', or 'address out'. (With
tha high-speed transfer feature, 'data
in' and 'service in' may be up concur-
rently.)

When, in thae case of cyclic 1/0 devices,
the channel does not respond in time to
the preceding 'service in', an overrun
condition may be recognized by the
control wunit or I/0 device. In this
situation, data transfer is terminated,
and the unit-check status indicator and
the overrun sense indicator are set to
ones. When this condition is
recognized, '"servica in' does not drop
if an out tag has not risen and does not
rise if 'service out' has not dropped.
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Suppress Qut

'Suppress out' is a line from the chan-
nel to all attached control units; it
may rise or fall at any time. This line
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. Each of these
functions is described in Chapter 2,
"Operational Description.”

METERING CONTROLS

Clock QOut

The 'clock out' line is not used; the
channel ensures that the ‘'clock out’

line remains down at all times.?2

Metering In

"Metering in' is a line from all
attached control wunits to the channel.
The channel interpretation of the
'metering in' signal as provided by the
control wunit is model-dependent. The
*metering in' signal originates from
each 1/0 device and/or control unit and
is generated by the I/0 device from the
time of acceptance of a command until
the generation of device end for that
command. 'Metering in' is not necessar-
ily activated between the acceptance of
channel end and the generation of the
associated device end if the intervening
time is lass than 400 milliseconds.
'Metering in' may or may not be raised
concurrently with ‘operational in' for
any I/0 interface signaling sequence
that does not involve an operation (such
as test I70 or a control-unit-initiated
sequence for asynchronous status presen-
tation); if "matering in' is raised for
this reason, the duration of the signal
does not exceed that of ‘operational
in'. '"Metering in' may be signaled by
more than one control unit at a time.

< For all control units
the channel to
for changing the
- permit changing

these control units is
states). In
the offline/online transition.

second in duration. (See
Description.”)

designed before January 1, 1977, the
used to provide the
enable/disable states of the
addition,
enabled and disabled state requires the same

the control-unit transition

"Metering in' is not raised for an oper-
ation:

1. Between the generation
ance of device end.

and accept-

2. Between the generation of device
end and the acceptance of the next
command during command chaining.

3. While a

device is waiting for

initiation of an automatic start.
For example, transmission control
units do not necessarily activate

"'metering in' during the idle
portion of 'prepare' commands.

Metering Out

"Metering out' is a 1line from the chan-
nel to all attached control units and is
used to condition meters when they are
present in assignable control units and
I/0 devices. The usage of metering out
is model-dependent.

RESERVED LINES

Some of the signal lines in the 1I/0
interface are reserved. (See
"Interface-Connector Pin Assignments™ in
Appendix A.)

All control units carry through
signal transmission lines 1in cables 1
and 2, with the exception of 'select
out' (or 'select in' if low priority),
from the 1IN cable connector to the 0UT
cable connector.® All control wunits
implementing the bus-extension feature
carry through all 72 signal transmission
lines in cables 1, 2, and 3, except for
'select out' (or 'select in' if low
priority). (See "Interface-Connector
Pin Assignments"™ in Appendix A.)

all 48

AL-INTERLOCK SUMMARY

The following rules
signals are

for interlocking of
followed in the design of

'clock out' line from
CPU interlock control
units (the signal must be down to
between the
conditions as those that prevail for

The down state of "clock out' is at least 1 micro-
"0ffline/Onlina™ in

Chapter 2, "Operational

Control units and devices designed before October 2, 1970, carry through the 40
assigned signal transmission lines in cables 1

and 2, except for 'select out' (or

"select in' if low priority), from the IN cable connector to the OUT cable connec-

tor.
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channels and control wunits using this
I/0 interface. These rules describe the
protocols to be followed by channels and
control units in the absence of error
conditions. That is, in situations
where timing restrictions are specified
in this manual and either the channel or
control unit has failed to respond by
dropping or raising the appropriate
signal 1line within the required time
interval, then it is assumed that the
interlocking rules do not apply.

Note: When either high-speed transfer
or data streaming occur, rules 1, 2, and
3 do not apply.

1. Except when interface disconnect is
signaled, no more than one out tag
is up at any given time. During
interface disconnect, 'address out'
may be up with another out tag.

up at

2. No more than one in tag is

any given time.

3. An in tag rises only when all out
tags are down, except in the
short-busy sequence.

Note: When data streaming occurs, rules
4 and 5 do not apply.

4. An in tag falls only after the rise
of a responding out tag, except for
'status in' in the short-busy
sequence.

5. 'Service out' and ‘'command out’

rise only in response to the rise
of an in tag.
6. 'Address out' for an initial-

selection sequence rises when
'select in', 'operational in',
'status in', and 'select out' are

down at the channel.

7. Once 'address out' and 'select out'
have risen for an initial-selection
sequence, 'address out' stays up
until after the rise of 'select in'
or ‘operational in', or (for the

short-busy sequence) the fall of

*status in'.

8. Once 'address out' has risen for
the interface-disconnect sequence,
it does not drop until 'operational
in' drops.

9. None of the out lines, except 'sup-
press out', have meaning when
*operational out' is down.

10. 'Select out' rises
tional in' and
douwn.

only if 'opera-
'select in' are

not fall
following events

11. 'Operational in' does
until one of the
occurs:

and an
sent for
of any given

a. 'Select out' falls,
out-tag response is
the last in tag

signal sequence.
b. 'Operational out' falls.

c. An interface-disconnect se-
quence occurs.

12. 'Operational in' does not rise
unless 'operational out' is up and,
if currently up, drops when 'opera-
tional out' drops, or when the

interface-disconnect sequence
occurs.
Note: Designers should carefully
consider the effects of interface

signal-transition times. Although tran-
sition time should not generally be a
problem, some cases may exist, because
of wide variations in circuit tolerance

or in the physical integration of chan-

nel and control units, in which the
transition time must be considered.
Because signaling on the I/0 interface

usually causes the receiving unit to
signal a response, the general rule is
that a unit should not signal a response
until it has fully recognized internally
the receipt of any previously transmit-
ted signal.
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This chapter discusses the operation of
the basic I/70 interface. For informa-
tion concerning functions that are only
provided when features are implemented,
see Chapter 3, "Features.”

INTERFACE SEQUENCES

During the execution of an operation
involving the channel and control unit,
the selection, data transfer, and ending
sequences can occur. These sequences
are defined in this section. (For exam-
ples of these sequences, see the flow
diagrams, Figures C-1 through -8, and
the sequence charts, Figures C-9 through
C-13, in Appendix C. These diagrams
should be used as examples only and
should not be considered as containing
precise definitions of interface
sequences.)

SELECTION

Initial-Selection Sequence

To initiate an I/0 operation, the chan-
nel places the address of the desired
I7/0 device on 'bus out' and raises
'address out'. Each control uni t
connected to the channel attempts to
decode the address on 'bus out';
however, only one control unit should be
assigned to a given 1/0 address. To be
acceptable, the address must have
correct parity.

The channel then raises 'select out’',
and the incoming 'select out' signhal
appears at the control unit for the
addressed I/0 device. If the control
unit and the addressed I/0 device are
available to execute the operation, the
control unit blocks the propagation of
the "select out' signal and raises the
'operational in' line. When ‘opera-
tional in' rises, the channel responds
by dropping 'address out'. The control
unit places the address of the I/0
device on 'bus in' and, after 'address
out' falls, raises 'address in'. ‘'Hold
out' with "select out' may drop any time
after ‘'address in' rises. After the
channel checks the I/0-device address on
'bus in', it responds by placing the
command on 'bus out' and raises 'command
out'. The selected control unit proc-
essas the command and drops 'address
in', which allows 'command out' to fall.
After 'command out' falls, the control

Chapter 2.
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unit places status information on 'bus
in' and raises 'status in'; this is
referred to as initial status. At this
time, the status is analyzed to deter-
mine if the command has been accepted.
The command is considered to have been
accepted if (1) command retry is
requestaed, or (2) the command sent to
the addressed I/0-device is not test
I1/0, and the status is zero, or (3) the
command sent to the addressed I/0 device
is not test I/0, and the status contains
channel end but does not contain atten-
tion, control-unit end, busy, unit
check, or unit exception. Once the
command is accepted, the I/0 operation
is considered to have been initiated.

If the channel accepts the initial
status, it responds by raising 'service
out', allowing the control unit to drop
‘*status in'. If the channel does not
accept the initial status, it responds
by raising 'command out', allowing the
control unit to drop ‘'status in'. When
'status in' falls, in either case the
initial-selection sequence is completed.
(See "Stack Status" in this chapter.)

If, during the initial-selection se-
quence, the I/0 device or the path to
the I/0 device is not available to
execute the operation because it is
currently being used to execute a previ-
ously initiated operation, or if the
control unit is not available because it
(1) is executing a previously initiated
operation, or (2) has pending status for
another I/70 device, the control unit may
signal that a busy condition exists.
The control unit can indicate the busy
condition in either of two ways, depend-

ing on the design of the control unit:
it may continue execution of the
initial-selection sequence until
completion, or it may modify the
sequence and cause execution of the
short-busy sequence. If the control
unit executaes the initial-selection
sequence, the busy condition is
presented as initial status. If instead

it executes the short-busy sequence, the
busy condition is also presented. (See
"Short-Busy Sequence," described next,
and "Busy" in this chapter.)

Note: A channel response of 'command
out' to ‘'status in' cannot prevent the
execution of an immediate command.

Short-Busy Sequence
This sequence can be initiated during an

initial-selection sequence when the
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control wunit, becausa of an existing
condition, is unable to handle the
initial-selaction sequenca. Whan this
occurs, the control unit converts the
ongoing initial-selaction sequence to a
short-busy sequence. Specifically, whan
the channel has raised 'selact out!'
after having placed the I/0-davice
address on 'bus out' and raised 'address
out', each control unit attempts to
dacoda the address on 'bus out'. When
'salact out' rises at thae addressed
control wunit, the control unit blocks
thae propagation of 'salect out', places
tha busy status byte on 'bus in', and
raises 'status in'. 'Operational in' is
not raised.

The channel signals that the status byte
is no longer neadad on 'bus in' by drop-
ping 'selact out'. The control unit
rasponds by dropping "status in' and
disconnecting from the interface. The
channel keeps 'address out' up until
'status in' drops, thus completing the
short-busy sequence.

During exacution of the short-busy
sequaence, the control unit presents
status of either (1) busy and status
modifier, (2) busy, status modifiar, and
control-unit end, or (3) busy. Presen-
tation of any other status condition by
the control unit or device may cause an
error condition to be recognized.

Note: The short-busy saquence is not
used in responsa to an initial-salection
sequence addressed to a davice for which
chaining has just been indicated.

Control-Unit-Initiated

When a control unit requires service, it
signals tha channel by raising 'requast
in'. The next time 'salect out' rises
at the control unit requiring service
and no selection is baing attempted by
the channel ('address out' douwn), thea
control unit blocks the propagation of
'selact out', places the address of the
I/0 device on 'bus in', and raises both
'address in' and 'operational in'. When
the channel recognizes tha address,
'command out' is sent to tha control
unit, indicating proceed. When '"command
out' risaes, the control unit responds by
dropping ‘'address in'. The fall of
‘address in' enables the channel to
respond by dropping 'command out', thus
completing the control-unit~-initiated
saquance.

If the service redquest
sequence proceeds as
"Data-Transfer Sequenca."

is for data, the
described in

If the service
information,
described in
chapter.

request is for status
the sequance proceeds as
"Ending Sequence" in this

DATA TRANSFER
Data-Transfer Seauence

Data transfer may be requasted by a
control unit after an initial-selection
saquance is exaecuted. The direction of
data transfer over thae I/0 interface is
determinaed by tha command that was

passad to the control unit during that
sequance.
| Note: MWhen data streaming occurs, the

following two paragraphs do not apply.
(See "Data-Streaming Feature™ in Chapter
3, "Features.™)

To transmit data to the channel, the
control unit places a data byte on 'bus
in' and raises 'service in'; the tag and
the validity of 'bus  in' are maintained
until the appropriate outbound tag is
raised in responsea. When 'service out'
rises, the control wunit responds by
dropping 'service in'. After 'service
in' falls, the channel responds by drop-
ping 'sarvice out', thus completing the
data-transfer sequence.

To request data from the channel, 'ser-
vice in' is raised, and tha channel
places the data on 'bus out' and signals
the control unit by raising 'service
out'. When 'service out' rises, tha
control unit responds by dropping 'ser-
vice in'. The channel maintains the
validity of 'bus out' until 'service in'
falls. After 'service in' falls, the
channal responds by dropping 'service
out', thus completing tha data-transfer
saquenca.

After selection, as a result of aither
an initial-selection s@quanca or a
control-unit-initiated sequencea, he
control unit may remain connected to the
channel for the duration of the transfer
of information. The transferred infor-
mation can be a single byte of data, a
byte of status, a hew command, a string
of data bytes, or, in the case of an
immediate operation, the specification
of a complete operation from initiation
to raception of ending status.

170-Interfaca Connection

A connection begins at the time '"salect
out' rises at tha control unit for the
purpose of axecuting any sequenca or
sequences. The duration of the

connaction is under control of both the
channel and the control unit. To
provide a channel with & method of
controlling the duration of the
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connection, a control unit does not
disconnact from tha I/0 interfacae before
*salact out' ('hold out') falls. Houwev-
er, tha control unit may praeserve the
connaction after the channel permits the

control unit to disconnact -- 'salect
out' (or 'hold out') down -- by holding
up 'operational in'. In this manner,

the control unit can extend the duration
of tha connection. The connection is
considared to be ended when 'operational
in' is droppad.
Dapending on tha duration of the
connaction, one of two modes is estab-
lished: byte-multiplex or burst.
(These modes are established to assist
in the schedul ing of concurrent
axecution of multiple I/0 operations.)

- i Mode: A byte-multiplex-
mode connection is defined as any
connaction where the time contributed by
the control unit during the connection
(because of the control-unit circuitry
or the sequencing method used) is equal
to or less than 32 microseconds. The
connection may occur for the purpose of
initiating or continuing execution of an
I1/0 operation or presenting status. The
byte~multiplex mode is the normal mode
for low-speed I/0 devices; howaver, all
I/0 davices are designed to operate in
burst moda when required by the channel.

Burst Mode: A burst-mode connection is
defined as any connection where the time
contributed by the control unit to the
connection (because of the control-unit
circuitry or the sequencing method used)
is greater than 32 microseconds. This
mode is tha normal mode of operation for
high-spaaed 170 devices. These devices
forca burst mode (by holding up 'opera-
tional in') whaen attached to a channel
capablae of byte-multiplaex oparation.
Medium-speed or buffered I/0 devices,
which may normally operate in either
mode, are equipped with a manual or
programmable switch to select the mode
of operation. The switch setting is
ovarriddan when burst mode is forced by
the channal. Whanevar an interface
disconnect, selective reset, or system
resat is axecuted, the force-burst-moda
condition of a control wunit is overrid-
dan. (Sea "Interface Disconnect,"
"Salectiva Raesat,” and "System Reset" in
this chapter.)

Soma channels can tolerate an absence of
data transfaer during a burst-mode opera-
tion, such as whan a long gap on tape is
read, for not more than approximataly
half a minutae. An equipment malfunction
may ba recognized when the absence of
data transfer exceads this time.
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ENDING SEQUENCE

An ending sequence may be initiated by
aithar the I/0 davice or tha channel.
If tha procaedure is initiated by the 1/0
device, then ending status is presented,
signaling tha end of an operation. The
end of an operation may be signaled by
using only onae ending saquenca, assuming
that both channel-and .,and devicae-end
status condjtions occur togethaer, or the
execution of two ending sequences may bea
raquirad, assuming that device-end
status had not been generated at the
time channael-end status was presented.
If the sequence is initiated by the
channel, the 0 device may still
require time to reach the point where
the proper ending status information is
available, in which case one or more
ending sequences may ba necessary to
complete the ending procedure.

aexist that
the ending
is already

One of three situations may
result in the initiation of
sequence (assuming selection
obtained):

1. The channal recognizes the end of
an oparation before the I/0 device
reaches its ending point. In this
situation, whenaver the control
unit requires service again, the
control unit raises 'service in'.
The channal responds by raising
'command out', indicating stop.
The control unit drops 'service in'
and proceeds to its normal ending
point without requesting further
sarvica. When the 1I1/0 davice
reachas the point at which it would
normally send 'channel end', the
control unit places the ending
status on 'bus in' and raises 'sta-
tus in'. The channel responds by
raising "service out', unless it is
nacessary to stack the status, in
which case the channel responds
with "command out'.

2. The channel and the 1I/0 devica
recognize the end of an oparation
simultaneously.

3. Tha 1I/0 device recognizes the end
of an oparation before the channel
reaches thae end of an I/70
oparation.

2 and 3, if the control
currently connected and status

For situations
unit is

information is available, the control
unit places thae ending status on ‘'bus
in' and raisas 'status in’'. If the

control unit is not currently connected
when the end of the 1/0 operation is
recognizad by the 1/0 davica, a
control-unit-initiated sequence is
performed, the control unit bacomes
connacted to tha 170 interface, and then
the status is presented by executing an
ending sequenca.
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If device end is not presented with
channel end, device end is presented
when it is available by executing a

control-unit-initiated sequence.

CONTROL-UNIT TYPES

Control units are classified according
to their ability to concurrently operate
and control the activity of attached I/0
devices without causing loss of control
or data.

TYPE-1 CONTROL UNIT

The control unit can
ity of only a single 1I/0 device at a
time. If an I/0 operation or chain of
I/0 operations is in execution, the
control wunit is unable to handle the
initiation of other activity associated
With any other attached 170 device. The
duration of execution begins with

control the activ-

acceptance of the first command and
continues until the command-chaining
condition has been reset in the control

unit.

When an error condition
nized and the associated sense informa-
tion has been generated, the control
unit can preserve the sense information
for the attached 1I/0 device, provided
that no other activity is initiated with
any other attached 170 device. The
duration of time that other activity
must be limited begins when the unit-
check status has been accepted and
continues until the 170 device that
signaled unit check has again accepted a
command other than test I/0 or
no-operation.

has been recog-

If, in either of the above two cases, an

attempt is made to execute an initial-
selection sequence with another 1/0
device attached to this control wunit,

control of the ongoing I/0 operation or
ienie information, as applicable, may be
ost.

If command chaining
channel end but not daevice end is
presented by a type-1l control unit, the
I/0 device that presents channel end is
the next I/0 device from that control
unit to present device-end status,
provided the control unit is not
addressed in the meantime on the same
I1/0 interface.

is indicated when

TYPE-2 CONTROL UNIT

The control unit is capable of control-
ling the activity of more than a single

I/0 device at a time without losing
pending sense information or the control
of ongoing I/0 operations, if any. If
situations occur where the control unit
should limit the amount of concurrent
activity, the appropriate busy indi-
cation is signaled whenever an initial-
selection sequence is attempted. (See
"Busy"™ in Chapter 2, "Operational
Description.™)

A control unit that has only one
assigned device address is a type-2
control unit.

TYPE-3 CONTROL UNIT

When no error condition
sense information has been
the control unit can
ity of more than a

described by

racognized,

control the activ-
single I/0 device at
a time without losing control of those
ongoing operations. Whenever the
control unit needs to limit the amount
of concurrent activity, the appropriate
busy indication is signaled whenever an
initial-selection sequence is attempted.
(See "Busy"™ in Chapter 2, "Operational
Description.")} If an error condition
has been recognized and the associated
sense information has been generated,
the control unit can preserve the sense
information for the attached 1/0 device,
provided that no other activity is
initiated with any other 1I/0 device.
The duration of time that initiation of
activity needs to be delaved begins when
the unit-check status has been accepted
and continues until the I/0 device that
signaled unit check has again acceptaed a
command other than test I/0 or
no-operation.

ADDRESSING

An eight-bit address byte (plus parity)
is used over the I/0 interface for
direct addressing of attached I/0
devices. A unique eight-bit I/0O-device
address is assigned to each 1/0 device
at the time a control unit is installed.

ADDRESS ASSIGNMENT

At the time of installation,
unit and I/0-device
assigned as follouws:

1. I/0 devices that do not share a
control unit with other devicas may
be assigned any device address in
the range 0-255, provided the
device address is not recognized by
any other control unit attached to
that 1I/0 interface. Logically,

control-
addresses are
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such I/0 devices are not distin-
guishable from their control unit,
and both are identified by tha same
device address.

2. 1/0 devices sharing a control unit
(for example, magnetic-tape units
and disk-storage units) are
assigned device addresses within
sets of contiguous numbers. The
size of such a set of contiguous
numbers is equal to the maximum
number of I/0 devices that can
share the control wunit, or 16,
whichever is smaller. Furthermore,
the set of device addresses starts
with a device address in which the
number of rightmost zeros is at
least equal to the number of bit
positions required to specify the
size of the set. The leftmost bit
positions of a device address with-
in a set identify the control unit;
the rightmost bit positions desig-
natﬁ the I/0 device on the control
unit.

3. Control units designed to accommo-
date more than 16 I/0 devices may
be designed to accommodate either
sequential or nonsequential sets of
device addresses. Each set
consists of 16 device addresses, or
the number required to make the
total number of assigned device
addresses equal to the maximum
number of I/0 devices attachable to
the control wunit, whichever is
smaller. The device-addressing
facilities are added in increments
of a set so that the number of
device addresses assigned to a
control wunit does not exceed the
number of I/0 devices attached by
more than 15. For example, if a
communications controller has a
designed capacity of 56 direct-
access paths and if only 40 I/0
devices are to be installed at the
time of installation, 48 device
addresses can be assigned.
However, if the full capacity of 56
I/0 devices 1is to be installed,
exactly 56 device addresses are
assigned.

I/0 devices accessible through more than
one path in the same system may have a
different control-unit address for each
path of communications. For sets of 1/0
devices connected to two or more control
units, the portion of the device address
identifying the I/0 daevice on the
control unit is fixed and does not
depend on the path of communications.

Except as indicated in the
rules, the assignment of control-unit
and I/0-device addresses is arbitrary.
The assignment is made at the time of
installation, and the device addresses
normally remain fixed thereafter.

preceding
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ADDRESS DECODING
Control units recognize a device address
that meets the following conditions:

1. The device
parity.

address has correct

2. The device address is assigned to

the control unit.

The control unit does not respond to any
device address outside its assigned set
or sets. For example, if a control unit
is designed to control 1/0 devices that
have only bits 0000-1001 in the right-
most positions of the device address,
the control unit does not recognize
addresses that have 1010-1111 in these
bit positions. If no control unit
responds to a device address, 'select
out' is propagated through all control
units and sent back to the channel as
'select in'. This may occur because:

1. A device address
or

is not installed,

2. A device address has been parti-
tioned out of the system by the
program, operator, or customer
engineer.

The control unit must respond to those
device addresses in the set for which
the corresponding I/0 devices are
either:

1. Ready, or

2. Not ready but which can be made
ready by means of an ordinary manu-
al intervention. The not-ready
state of an I/0 device is indicated
by unit-check status and sense data
that specifies intervention is
required. (See "Intervention
Required” in this chapter.)

The control unit may respond to all
device addresses in the assigned set,
regardless of whether the device associ-
ated with the device addraess is
installed. If a control unit responds
to a device address for which no 1I/0
device is installed, the unit-check
status is set, and the appropriate sense
information is made available.

The portion of the device address decod-
er that identifies the control unit
(item 2 under "Address Assignment™ in
this chapter) can be set at the time of
installation for any bit combination.

Control units that are designed to
attach only a single 1I/0 device must
decode all eight bits of the device

address byte. The device address decocd-
er can be set to any bit combination at
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the time of installation. (See item 1
:nde; "Addraess Assignment™ in this chap-
er.

COMMANDS

When 'command out' is up during the
initial-salection sequenca, the byte of
information on 'bus out' daescribes a
command. Thae command specifies to the
I1/0 device the oparation to be
performed. :

Thae rightmost bit positions indicata the
type of operation; the leftmost bit
positions comprise a modi fier which
expands the meaning of the basic opera-
tion that is to be performed. The modi-
fier codes and the operations performed
when thay are decoded are model~-
dependent.

The command byte on tha I/0 interface is
defined as follows, whare "M" is a modi-
fier bit and "P" the parity bit:

Bit Position

Po1234561

Test PMMMMOOOO

Test 170 100000000
|0 00 ll

Reservead P|throughi{0 0 0 0
1111

Sensa PMMMMO100

Basic sensa 000000100

Sensae ID 111100100

Reserved PMMMMI1000

Read backward PMMMM11O00

Write PMMMMMMO 1

Read PMMMMMMI1IO

Basic read 000000O0C10

Control PMMMMMMIL11

No-operation 100000011

Tha basic sanse, taest I/0, no-oparation,
and sensa ID commands are executed by
all I/0 devices.

BASIC OPERATIONS

Tha 1/0
the I/0
eight-bit
device
sequance.

operation to be executed over
interface is determinaed by the

command issued to the I/0
during the initial-selection

The basic opaerations are specified by
these commands: read, read ‘backward,
writa, control, sense, and test. .

A command with invalid parity is not
recognized Pnd thaerefore not executed.

|
Immediate | Operation: Some commands

cause the [1I/0 device to signal channel

end as initial status during an
initial-selection sequence. An 1/0
operation (except test I70) causing

channel end (but not busy) to be
signaled as initial status is called an
immediate o#eration.

An immediate operation is performed when
the execution of that command meets the
following requirements:

1. Execution requires no more informa-
tion than that in the command byte;
that is, no data bytes are trans-
ferred.

2. Channel-end status, without busy,
is presented as initial status.
Device-end status may also accompa-
ny channel end.

Any command (with the
I/0) may be
operation.

Notes:
1. The inadvertent use of special

diagnostic commands, which by
intention permit errors to occur on

exception of test
executed as an immediate

the I/0 interface or which intro-
duce the possibility that subse-
quent commands may be executed

erroneously, must be prevented by
some form of interlock.

2. An error condition
nized by the channel and the 1I/0
operation terminated when 256 or
more chained commands are executed
with a single 170 device and none
of the commands result in the
transfer of any data.

may be recog-

Read

initiates execution of
data transfer from the control unit to
the channel. The bytes of data within a
block are provided in the same sequence
as those written by the write command.

bits
read command.

The read command

A read command with all modifier
set to zeros is a basic
This command is also used as an
initial-program-loading (IPL) read
command by those devices that provide
the IPL function. To parform the
initial-program-loading read, the
command must be:

1. The first command sent to the 1I/0
device following a system reset.

2. Sent no sooner than 1 millisecond
following system reset.
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Read Backuward

The read-backward command initiates an
I/0 operation in the same manner as the
read command, except that bytes of data
within a block are sent to the channel
in an order which is the reverse of that
used in writing. The control unit may
be designed to cause mechanical motion
in the I/0 device in a direction oppo-
site of that for a read command, or it
may be designed to operate the device as
it would for a read command.

Unless otherwise noted, any description
in this manual that applies to read also
applies to read backuward.

Write

The write command performs the same
sequence of signals over the I/0 inter-
face as for a read operation. For a
write command, however, the data is sent
from the channel to the control wunit
instead of from the control unit to the
channel.

Control

similar to the
except that the command

The control command is
write command,

modifier bits received by the control
unit are decoded to determine which of
several possible functions are to be

performed. One function performed may
be second-level addressing, which may
require several bytes of data to
complete the control operation. When
the particular control function can be
completed without the transfer of data,
channel-end status may be' presented
during the initial-selection sequence.
The byte rate for the bytes transferred
during an operation specified by a
control command normally need not be
faster than the normal read or write
rate for the same I/0 device.

A control command with all-zero modifier
bits performs no operation at the 1I/0
device, except that it satisfies any
previously indicated chaining operations
and allows certain 170 devices to wait
for conditions of checking (or any
synchronizing indications) before
releasing the channel. This variation

of the control command is a no-oparation
control.

Sense
The sense command is similar to a read
command, except that the data is

obtained from sense indicators rather

than from a record source.

(modifiar bits
zeros) initiates a sense opera-
tion on all I/0 devices and causes the
retrieval of up to 32 bytes of data.
The basic sensae command doas not initi-
ate any opaeration other than the sensing

The basic sense command

set to

of sense indicators. The basic sanse
command sent to an availabla control
unit is accepted even though the

addressed I/0 device is in a not-ready

state. (See "Sense Information™ in this
chapter.) If the control unit detects
an error during the sensa operation,

unit check is sent with the channel-end
status condition.

The purpose of the basic sense command
is to provida data detailed enough to
ascertain the actual state of the device
and unusual conditions associated with
the execution of the I/0 operation
during which the error was detected.

The I/0 devices that can provide spacial
diagnostic sense information or that can
be instructed to perform other spaecial
functions by means of the sense command
may call for modifier bits to be defined
for control of the function. The
special sense operation may be initiated
by unique combinations of modifier bits,
or a group of codas may specify the same
special sensa function. Any remaining
sensa command codes may be considered
invalid or may causa the same action as
the basic sense command, depending on
the particular I/70 devica.

The sense-ID command (modifier bits set
to E hex) does not initiate any opar-
ations other than sensing the type/model
number.? If the control unit or device
is available and not busy, then tha
sense-ID command is exacuted, with up to
sevan bytes of data transferred. Basic
sense data may or may not be reset as a
result of executing the saense-1D
command.

The sense bytes sent in
sense ID area:

response to

1 Units designed prior to October 1, 1980 may properly exaecuta the sense-ID command,

may execute the command as a basic sensa command, or may

unit-check status.

Chapter 2.

raject the command with
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Bytes Contents

0 FF hex

1,2 Control-unit type number

3 Control-unit model number

4,5 I/0-device type number

6 I1/0-daevice model number
All unused sense bytes must be set to
zZeros.

Bytes 1 and 2 contain the four-decimal-
digit control-unit type number that
corresponds directly with the control-
unit type number on the tag attached to
the control unit.

Byte 3 contains the control-unit model
number, if applicable. If not applica-
ble, byte 3 is a byte of all zeros.

Bytes ¢ and 5 contain the four-decimal-

digit device type number that corre-
sponds directly with the device type
gum@er on the tag attached to the I/0
evice.

Byte 6 contains the device model number,
if applicable. If not applicable, byte
6 is a byte of all zeros.

Whenever a control unit is not separate-
ly addressable from the attached 1I/0
device or devices, the response to the
sense~ID command is a concatenation of
the control-unit type number and the
I/0-device type number.

If a control unit can be addressed sepa-
rataly from the attached I/0 device or
I/0 devices, then the response to the
sense-ID command depends on the unit
addressed. If the control unit is
addressed, the response to the sense-ID
command is as follows:

Bvtes Contents

0 FF hex

1,2 Control-unit type number
3 Control-unit model number

The response consists of the control-
unit type and model number, with normal
ending status presented after byte 3.

If the 1I/0 device is addressed, the
response to the sense-1I0 command 1is as
follows:
Bytes Contents

0 FF hex

1,2 I70-device type number

3 I/0~-device model number

The response consists of the I/0-device
tvpe and model number, with normal
ending status presented after byte 3.

Jest

The test-I1/0 command (modifier bits set
to zeros) retrieves from the addressed
I/0-device path any status that results
from a status condition being
recognized, that is stacked, or that is
pending. The test-I/70 command does not
initiate an operation. If no stacked or
pending status is encountered along the
I/0 path being tested, a zero status
bvte for the selected I/0 device is
presented to the channel.

With respect to test I/0, the busy
condition has a special meaning. (See
"Busy™ in this chapter.)

Note: Any status presented during
execution of a test-I/0 command may be
stacked.

SEQUENCE CONTROLS

Sequence controls are used by the chan-
nel to control execution of ‘the
sequences that are performed between the
channel and control unit. Each sequence
control uses a special signaling conven-
tion over the 170 interface, and each
one has a particular meaning to the
control unit or I/70 device.

PROCEED

Whenever 'command out' rises in response
to the rise of 'address in' during a
control-unit-initiated sequencae, it
means proceed.

Proceed indicates to the 1/0 device that
it should continue the normal servicing
request on the interface.

sSTOP

| Note: When data sfreaming occurs, this
"Stop" section does not apply. (See
“Data-Streaming Feature™ in Chapter 3,
"Features."”)
The channel uses the stop sequence
control when data is being transferred
and the channel recognizes that the

currently executing I/0 operation should
be ended. "Stop"™ is indicated by rais-
ing 'command out' in response to the
rise of '"service in' or 'data in'.

On receipt of the stop signal, the I/0
device proceeds to its normal ending
point without sending any further 'ser-
vice in' or ‘'data in' signals to the
channeal. The I/0 device remains busy
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until the ending status is available, is
presented to the channel, and is

accepted by the channel.

During a data-transfer sequence, ‘'com-
mand out' is transmitted in response to
the first 'service in' or 'data in' that
is provided after the channel determines
that the current operation is to be
ended. If 'select out' 1is down or goes
down after this sequence, 'operational
in' drops on force-burst-mode-type oper-
ations on 170 devices that cannot meet
the timeout requirements indicated in
"Interface Timeout Considerations."
Also, burst-mode 1/0 devices that have
relatively long times between stop and
ending status and have no time-dependent
chaining requirements drop 'operational
in' at this time.

STACK STATUS

The channel uses the stack sequence
control when conditions preclude accept-
ance of status from the control unit.
Stack status is indicated by the rise of
'command out' in response to the rise of
'status in'. The stack-status signal
causes retention of status information
at the control unit or I/70 device until
that status is accepted during a subse-
quent sequence. When 'stack status'
occurs, the control unit disconnects
from the interface after 'select out' is
douwn. "Command out' remains up until
'operational in' falls. Any attempt to
perform a control-unit-initiated
sequence in order to present the status
again is under control of 'suppress
out'. (See "Suppress Status™ in this
chapter.) Any status (except zero
status presented in response to a
command other than test I/0) presented
by a control unit in any interface
sequence (except the short-busy
sequence) may be stacked.

If the channel signals stack status to a
control unit as status is being
presented, command chaining, if any, is
not indicated when that status is subse-
quently accepted by the channel.

SUPPRESS DATA

For control units whose rate of data
transfer can be adjusted without causing
an overrun condition, the channel may
use the suppress-data sequance control.
The suppression of data occurs according
to the following rules. (Operations
with completely buffered I/0 devices or
start-stop davices and the transfer of
data for the basic sense command may
fall into this category.)

Chapter 2.

1. Except uwhen data streaming occurs,
'suppress out' is ignored for the
first data byte following any
selection sequence unless the data
transfer is contiguous with initial
selection; that is, unless there is
no disconnection and reconnection
between initial selection and the
data-transfer sequence. (See
"Data-Streaming Feature”" in Chapter
3, "Features.")

2. To ensure recognition by the
control unit, 'suppress out' must
be up at least 250 nanoseconds

before the rise of 'service in' or
'data in', or at least 250 nanose-
conds before 'service out' or 'data
out’ falls. (See "High-Speed-
Transfer Feature™ in Chapter 3,
"Features.")

3. When 'suppress out' is up at the
control unit and the operation is
in burst mode (either because
'select out' is up or because the
control unit is forcing burst
mode), the control unit does not
raise "service in' for subsequent
suppressible data.

ACCEPT DATA

Note: When data streaming occurs, this
"Accept Data"™ section does not apply.
(See "Data-Streaming Feature" in Chapter
3, "Features.")

The channel uses the
saquence control during data transfer
from the control unit to the channel.
When 'service out' or 'data out' rises

accept-data

in response to 'service in' or 'data
in', respectively, during a read, read-
backuward, or sense operation, the

channel signals acceptance of the infor-
mation placed on 'bus in' by the contrel
unit.

DATA READY
| Note: When data streaming occurs, this
"Data Ready"™ section does not apply.

(See "Data-Streaming Feature”™ in Chapter
3, "Features.m)

The channel uses the data-ready sequence
control during data transfer from the
channel to the control unit. When 'ser-
vice out’ or 'data out' rises in
response to 'service in' or 'data in',
respectively, during a write or control
operation, the channel signals that the
requested information has been placed on
'bus out' and is ready for acceptance by
the control unit.
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SUPPRESS STATUS

Whenaevar the channel is unablae to imme-
diataly accept status, the suppress-
status saequanca control may be used.
When 'suppress out! is raised, the
control unit doas not attempt a
control-unit-initiated sequenca to .pras-
ent suppressible status.

It is accaeptable for a control unit to
treat all status as being suppressible
only after that status has baeen stackad.
Alternatively, it is acceptable for a
control unit to treat status as being
suppressible if (1) that status contains
channel end and interface disconnect has
been received previously during the I/0
operation, or (2) that status contains
device end that ended an I/0 operation
when command chaining was not indicated
at the time channel end was presented.
Also, asynchronous status may be
suppressible at the option of the
particular control unit without being
stacked.

'Suppress out' is up at least 250 nano-
seconds before 'select out' rises at the
control unit to ensure suppression of
status. 'Suppress out' suppresses the
initiation of the control-unit-initiated
sequence when the sequence is intended
to present suppressibla-type status. If
'suppress out' rises aftaer a control-
unit-initiated sequaence has been
started, the status sequence proceeds
normally.

The relationship betuween 'request in'
and 'suppress out' is described in
"Request In" in Chapter 1, "Functional
Description.™

ACCEPT STATUS

During presentation of status, the chan-
nel may use the accept-status sequence
control. When 'service out' rises in
response to 'status in', the channel
signals that the status placed on ‘bus
in' by tha control unit has been
accepted. 'Saervice out' falls in
response to the fall of 'status in'.

COMMAND CHAINING

successiva I/0
channel uses the
command-chaining sequence control. If
command chaining is to occur, it is
indicated each time an I/0 device
presents ending status and, more specif-

During the execution of
operations, the

< 170 devices designed prior to

October 1, 1981

is up when
rasponse to

ically, if 'suppraess out'
'sarvice out' is raised in
'status in'. Whan channel eend and
devica and are presented together and
command chaining is to occur, the
command chaining is indicatad when the
status is accepted by the channel. Whan
channel end and davice end are not
presented together and command chaining
is to occur, it is indicated when
channel-end status is accepted and again
when davice-and status is acceptad. The
command-chaining indication when
channel~-end status is accepted is
diffarent than when device-end status is

accepted. These differences are noted
below.
Command chaining means that another

initial-selection sequence (rasalection)
is to occur for the 1/0 device in opera-
tion immediately following the presenta-
tion of device end, provided that no

unusual conditions were encountered
during execution of the current opera-
tion. The exact time at which the next

command is
channal
system.

presented depends on the
and on the parameters of the

The command-chaining condition is recog-
nized for each I/0 device and allows
command chaining to occur when command
chaining is indicated by the channel.
The command-chaining condition is set
whenever the I/0 device accepts a
command? and is reset (1) whenever tha
170 davice receives system reset, selec-
tive reset, interface disconnect, or
stack status, or (2) whenever ending
status has been accepted without command
chaining being indicated. Additionally,
the command-chaining condition is reset
as described elsewhere in this section.

Command chaining occurs wheneven the
command-chaining condition is set in the
I/0 device and command chaining is being

signaled by the channel. If the
command-chaining condition is reset and
an initial-selection saquence is

attempted while command chaining is
being indicated, the I/0 device causes
command chaining to be terminated by not
accepting the command. Unit check,
along with other status, if any, is
presented in response to the command.
Further information detailing this
unusual condition is available to the
basic sense command.?®

When the channel accepts status from a
control wunit that contains unit check
(except when command retry is signaled),
unit exception, busy, control-unit end,
or attention, the channel terminates
command chaining in the channel, and the
control unit resets the command-chaining

may delay setting the command-

chaining condition until command chaining is indicated.

3 I/0 devices designed prior to October 1, 1981 may not

reset the command-chaining

condition and therefore do not present unit-check status to the command.
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condition for the davice whosae davice
address was usad to present that status.

Resalaction of any I/0 device attached
to a type-1l control unit resets the
command-chaining condition in thae
control unit. A type-2 or typae-3
control unit maintains the command-
chaining condition for each davice that
has an oparation in prograss. Type-2
and type-3 control units do not reset
tha command-chaining condition for
davices othar than the one baing
selected.

When command chaining is indicated at
the time device end is presented, this
indication remains valid until rese-
lection is made or until 'supprass out'
falls (minimum douwn-levael time to ensure
recognition is 250 nanoseconds). To
ensura that command chaining occurs,
'suppress out' remains up during the
reselection at least until 'operational
in' rises. If ‘'suppress out' drops
before the reselection is made, tha
command-chaining condition is reset in
the control unit.
Dapending on the particular I/0 device,
operation, and configuration, the
command-chaining indication requires
certain functional control that depends
on thae individual control unit.

If command chaining is indicated when
channel end but not device end is
presented from a type-1 control unit,
tha 1/0 device that presents channel end
is the next I/0 device from that control
unit to present davice-end status,
unless the control unit 1is addressed in
tha meantimaea on the same I/0 interface.
If command chaining is indicated when
daevica end is presented, the control
unit ensures that the path to tha I/0
davice remains availabla until the next
initial-selection sequence is initiated
that immadiataely follows the acceptance
of davice end or until command chaining
is no longer indicated. Furthermore,
unless command chaining is being
cancaled by thae channel, the immediately
following sequenca is a reselection of
th: I/0 devica presenting the davicae
end.

If command chaining is indicated to an
I/0 device shared by more than one
control unit or channael, the I/0 devicea
remains available until the initial-
selection sequence is initiated that
immediately follows tha acceptance of
davica end or until command chaining is
no longer indicated.

To ensure recognition of command chain-
ing by the control unit, 'suppress out'
is up at least 250 nanoseconds before
'sarvice out' rises in response to 'sta-
tus in' and does not fall before 'status
in'. If command chaining is not to be
indicated, 'supprass out' is down at

Chapter 2.

least 250 nanosaconds before tha rise of
'sarvice out' and doaes not rise before
thae fall of 'status in'.

INTERFACE DISCONNECT

During the exacution of an I/0
oparation, the interface-disconnect
sequence control may be used by the
channel to signal the control unit to

end execution of an ongoing I/0 opara-
tion.

If "hold out' is down and 'address out'
rises or if 'address out' is up and
"hold out’ falls, the presently

connected control unit drops ‘opera-
tional in', thus disconnecting from the
interfaca. Mechanical motion in process
continues to a normal stopping point.
Status information is subsequently
generated and presented to the channel
if execution of an operation has been
ended by interface disconnect. 'Address
out'!, in this case, may be up concur-
rently with another outbound tag line.
To ensure that interface disconnect is
recognized, it must occur at least 250
nanosaeconds before the rise of the
outbound tag that completes any signal

sequence. If no signal sequence is
currently being executed and 'select
out' (or 'hold out') is active, then

'address out' rises at least 250 nanose-
conds befora the fall of 'select out’
(or 'hold out') to ensurae recognition of
interfaca disconnact.

"Operational in' must drop within 6
microseconds after the disconnect indi-
cation is received. When 'operational
in' drops, the channel may drop 'address
out"' to complete the interface-
disconnect sequence. 'Address out' is
down for at least 250 nanoseconds before
a new initial-selection saquence is
attempted.

The control unit responds to the inter-
face disconnect signal by removing all
signals (with the possible exception of
'request in' and 'metering in') from the
I/0 interfacae and resets the command-
chaining condition, if any. (See
"Command Chaining™ earlier in this chap-
ter.) On an input operation, data on
'bus in' need not ba valid after the
rise of 'address out'. On an output
operation, data on 'bus out' must be
valid until tha fall of either 'service
in', 'data in', or 'operational in'.
(See "Data-Streaming Feature”™ in Chapter
3, "Featuraes.") When the control wunit
reaches the normal ending point, it
attempts to obtain selection on the
interface to present any generated
status to the channel.

interface
selection
disconnect should

To ensura recognition of
disconnect during an initial
saquanca, interface
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not be signaled in the
or subsequent to the
out' and prior to or
'service out' in response to 'status
in'. If interface disconnect is
signaled during this interval, it is
unpredictable whether the command is
executed and whether ending status
should be sent by the control unit.

interval during
rise of 'command
during the rise of

Any abnormal I/0 device operation should
be indicated by unit check in the
status, and the sense information should
provide additional details
the operation. (See "Unit Check"™ in
this chapter.) The control unit does
not generate any status solely as a
result of an 'interface disconnect'.

The I/0-device
it receives an 'interface
while performing an operation, until
device-end status is accepted by the

channel. If ‘'interface disconnect' is
" received when the I/0 device 1is not
busy, no status is generated, and the
170 device is not made busy.

path remains busy after

disconnect?,

Note: Except when the
feature is used, if
concurrently with

information on

data-streaming

'address out' is up
another out tag, the
'bus out' remains valid
until the associated in tag drops or
until ‘operational in' drops. (See
"Data-Streaming Feature"™ in Chapter 3,
"Features.")

SELECTIVE RESET

The selective-reset sequence control is
generated by the channel and may occur
any time 'operational in' is up.
Selective reset is indicated whenever
'suppress out' is up and ‘operational
out' drops. This condition causes
'operational in' to fall and causes tha
particular I70 device in operation and
its status to be reset. The operation
in process proceeds to a normal stopping
point, if applicable, with no further
data transfer. (See "Data-Streaming
Feature”" in Chapter 3, "Features.") The
I/0 device operating over the interface
is the only device that is reset, even
on multidevice control units. The
particular I/0-device path is in a busy
state throughout this procedure.
If selective reset is to be recognized
by the control wunit, 'suppress out'
.rises at least 250 nanoseconds before
'‘operational out' drops and remains up
until at least 250 nanoseconds after
'‘operational out' rises. 'Operational
out' stays down until ‘'operational in'
falls or for at least 6 microseconds,
whichever is greater, for the selective
reset to be effective.

concerning -

The ready or not-ready state of the
control unit is generally not changed by
a selective reset. When, houwever, the
enable/disable or online/offline switch
was changed before the reset but had not
become effective because of the required
inhibiting conditions, the ready or
not-ready state may change if the reset
clears those inhibiting conditions.

'Device end' may be returned after a
saelective reset has been signaled. The
interpretation of the selective reset is
model -dependent.

SYSTEM RESET

The system-reset
used to reset all

sequence control is
control units and I/0

devices that are online. (See
"Online/0ffline” in this chapter.)
System reset is indicated whenever

'operational out' and 'suppress out' are
down concurrently and the I/0 device is
in the online mode. This condition
causes ‘'operational in' to fall and
causes all control units and their
attached I/0 daevices, along with their
status, to be reset. The control units
are in a busy state for the duration of
their reset procedure. 'System reset!'
can prepare an I/0 device for an
initial-program-loading sequence.

The ready or not-ready state of the
control unit is generally not changed by
a system reset. When, however, the
enable/disable or online/offline switch
was changed before the reset but is not
vet effective because of required inhib-
iting conditions, the ready or not-ready
state may change if the reset clears
those inhibiting conditions.

To ensure a proper reset, 'operational
out' and 'suppress out' are down concur-
rently for at least 6 microseconds.

The definition of when the system-reset
signal occurs for a system is model-
dependent, as is the interpretation of
the system-reset signal by the specific
I/0 device.

STATUS INFORMATION

When 'status in' is up, the information
that appears on 'bus in' is the status
byte. The conditions reported in the
status byte are the status conditions.

The status pertains to the 170 device or
control unit whose device address
appeared on 'bus in' (with 'address in')

during the control-unit-initiated
sequence or the initial-selection
sequence. In the case of the short-busy

saquence, when no 'address in' occurs,
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it is assumed that the
to the
unit.

status pertains
addressed 170 device or control

STATUS BYTE

The status byte has the following
format:

Bit
Position Designation

P Parity

0 Attention

1 Status modifier

2 Control-unit end

3 Busy

% Channel end

5 Device end

6 Unit check

7 Unit exception
The status byte is transmitted to the
channel:

1. During the initial-selection
sequence.

2. To present the channel-end status
at the termination of data
transfer.

3. To present the device-end status
and any associated conditions to
the channel. The I/0 device
remains busy during an operation
until the channel accepts the
device-end status.

4. To present control-unit-end or
device-end status, which signals
that the control unit or device
that was previously busy and inter-
rogated while busy is now free.

5. To present any previously stacked
status when allowed to do so.

6. To present status describing asyn-

chronous conditions that are recog-
nized by either a control unit or
an I/0 device and that are unre-
lated to previously executed 1I/0
operations. One of these condi-

tions is described by attention,
which is normally generated by
console or communication devices.
Another condition, which is
described by device end, unit
exception, and attention, is gener-

ated when the corresponding device

goes from the not-ready to the
ready state. These status condi-
tions are handled in the same way

as any other status information
presented during a control-unit-
initiated sequence and are subject
to the same rules regarding presen-
tation to the channel and stacking.

(See "Device End™ and "Control-

Chapter 2.

Unit-Initiated Sequence" in this

chapter.)

Once accepted by the channel, any given

status byte is reset and is not
presented again.

UNIT-STATUS CONDITIONS

The following status conditions are
detected by the I/0 device or control
unit and are indicated to the channel
over the I/0 interface. The causes of

these conditions for each type of device

and the timing in presenting these
conditions are model-dependent. When
such conditions have been recognized,

status is generated at the I/0 device or
control unit and is maintained until it
is accepted by the channel or is reset.
Status that has been generated but not
presentad to the channel is called
"pending status." Status that has been
presented to the channel but has not
been accepted and is currently being
held at the control unit or I/0 device
is called "stacked status.”

When the device is accessible from more
than one channel, status resulting from
channel-initiated operations is signaled
to the channel that initiated tha asso-
ciated I/0 operation. The handling of
conditions not associated with 170 oper-

ations, such as attention, unit
exception, and device end because of a
not-ready-to-ready transition, depends

on the type of device and condition and
is model-dependent. (See "Device End"
in this chapter.)

Note: Control wunits and I/0 devices
should provide interlocks so that status
is not lost, hidden, or included with
other status when the result would cause
the program to misinterpret the original
meaning and intent of the status.

ATTENTION

The attention condition
when some asynchronous
in the I/0 device. The condition may be
accompanied by other status. Attention
is not associated with the initiation,

is generated
condition occurs

execution, or termination of any 1I/0
operation.
If a condition at the I/0 device or

control unit has caused the presentation
of attention status while an I/0 opera-
tion is in execution, command chaining,
if any, is no longer indicated, and the
operation is ended. If command chaining
is indicated when channel-end status is
prasented, command chaining is no longer
indicated when device-end status is
presented and accompanied by attention.
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When the attention condition is indi-
cated, the handling and presentation of
the condition to the channel depends on
the type of 1I/0 device. When an I/0

device is shared betuween more than one
channel path, presentation of attention
status to channel paths is model-

dependent. Depending on the I/0O-device
application, attention may or may not be
prasented until command chaining is no
longer indicated.

Attention is accompanied by device end

and unit exception when a not-ready-to-
- ready-state transition is signaled.
(See "Device End" in this chapter.)

STATUS MODIFIER

Status modifier is usad by control units
in five cases:

1. Control units that cannot provide
current status in response to test
I/0 present the status-modifier bit
alone during the initial-selection
procedure.

2. Busy control units present the
status-modifier bit with the busy
bit during the initial-selection
sequence or short-busy sequence to
differentiate betueen a busy
control unit and a busy device.

3. Control units designed to recognize
special ending conditions (such as
search equal on a disk) present the
status-modifier bit with device end
when the special condition occurs.

4. Control units that use the
command-retry feature present
status modifier with unit check and

channel end -- with or prior to
davice end -- when requesting that
the channel initiate the retry
procedure.

5. Control units designed to recognize

special conditions that must be
brought to the attention of the
program present status modifier
along with the other status indi-
cations in order to modify the

meaning of the status.

In the first case, provision is made for
certain types of control units that
cannot provide current status on a
demand basis as required by test 1/0.
Presentation of the status—-modifier bit
in response to test I/0 indicates that
the control unit cannot execute the
command, and any existing status remains
unchanged and unavailable to a test I/0.
This type of control unit provides
status only on a control-unit-initiated
selection sequence.

In the second case, provision is made
for indicating that a busy condition
pertains to a control unit and not
necessarily to the addressed I/0 device.
(See "Busy"™ in this chapter for a
dascription of control-unit-busy status
conditions.) :

In the third case, provision is made for

control units designed to recognize
special ending or synchronizing condi-
tions. If the special condition occurs,

the status—-modifier bit with the
device-end bit is presented during the
status presentation. When status-
modifier and device-end bits are present
in the status, it indicates that the

normal sequence of commands must be
modified.
In the fourth casa, provision is made

for control units to request a retry of
the execution of the current command.
The situations encountered during which
retry is requasted are model-dependent.

In the fifth case, provision is made for
control units designed to recognize
special conditions that are unrelated to
the execution of an 1/0 operation.
These conditions must be brought to the
attention of the program. Status modi-
fier is used to modify the meaning of
the other accompanying status indi-
cations. The meanings of the status
combinations are model-dependent.

CONTROL-UNIT END

Only control units that can indicate a
control-unit-busy condition can indicate
a control-unit-end condition. The
control-unit-end condition occurs for
one or both of the following:

1. The control unit was interrogated
while it was in the busy state.
Interrogated in the busy state
means that, during an initial-
selection sequence, conditions at
the control unit precluded
execution of an operation with an
I/0 device on the control unit and
that +the control unit responded
with busy and status modi fier
(control-unit busy) in the unit-
status byte. If a control unit
responded wWith control-unit-busy
status, it must return a control-
unit-end status indication when the
busy period no longer exists. Only
one control-unit-end indication is
returned, regardless of the number
of times the control wunit has
responded control-unit busy during
the busy period. Also, the single
control-unit-end indication is
provided independent of the differ-
ent device addresses used when
indicating control-unit busy. (Sce
"Status Modifier™ in this chapter.)
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2. The control unit detected an unusu-
al condition while busy, but after

channel end was accepted by the
channel. Indication of the unusual
cogdition accompanies control-unit
and.

If the control unit remains busy execut-
ing an operation after signaling channel
end but is not interrogated and does not
detect an unusual condition, control-
unit end is not generated.

associated with
determined as

address
end is

The device
control-unit
follouws:

1. The device address of the selected
daevica is used if control-unit end
is to be presented with channel end
and/or device end.

2. If control-unit end is generated
wWithout channel end or device end
and the status is presented during
a control-unit-initiated sequence,
the device address to be used when
prasenting this status is any
legitimate address associated with

the control wunit. A legitimate
address is any address that is not
associated with an 170 davice

currently executing an 170 opera-

tion and that the control unit
recognizes regardless of whether or
not the I/0 device is actually
attached.

3. If control-unit end 1is to be
presented during an initial-
selection sequence, the device

the device
‘address out'.

address is the same as
address issued with

The sequence may be executed as
aither the initial-selection
sequence or the short-busy
sequence.
The control-unit-end condition can be
signaled with channel end, or any time

after channal end, and may be accompa-
nied by other status bits. When
control-unit end is signaled with a
control-unit-initiated sequence in the
absence of any preceding data transfer
or other status conditions, the status
may be associated with any address
assigned to the control  unit. For
control units attaching more than a
singlae I/0 device, a pending control-
unit end for one I/0 device does not
necassarily preclude initiation of new
operations with other attached devices.
Whether the control unit allows initi-
ation of other operations is at the
option of the control unit. Control-
unit end causes command chaining to be
suppressed.

Chapter 2.

Tem r

Control-Unit Busy

When the busy state of the control unit
is temporary, control-unit end can be
included with busy and status modifier
in response to interrogation, even
though the control unit is not free.
The busy condition may be considered
temporary if it lasts less than approxi-
mately 2 milliseconds.

Note: When a control unit has signaled
the temporary control-unit-busy condi-
tion, the channel may attempt an
initial-selection sequence immediately
following acceptance of the status.

BUSY

The busy indication occurs only during
an initial-selection sequence or short-
busy sequence and wmeans that conditions
existing at the I/0 device or control
unit preclude execution of the intended
I/0 operation because one of these four
situations exists:

1. An I/0 operation initiated during a
previous initial-selection sequence
is being executed.

2. Stacked or pending
tions exist (except
in this section).

status condi-
as noted later

3. The control unit is shared by chan-
nels or I/0 devices, or an I/0
device is shared by control units,

and the shared facility is not
available.

4. A self-initiated function (for
example, microdiagnostics or data
movement internal to the I/0

device) is being performed.

An I/0 operation is being executed from
the time initial status is accepted
until device end 1is accepted. Status
conditions for the addressed I/0 device,
if any, accompany the busy indication.

If the busy condition applies to a
control-unit function, busy is accompa-
nied by status modifier.

Busy is indicated to a test-I1/0 command
under the same conditions that busy is
indicated to other commands; however,
busy is not indicated to a test-I/0
command if there is an available path to
the 170 device and there is stacked or
pending status for that 1/0 device.

The busy condition causes command chain-
ing to be suppressed.

Note: For 170 devices designed after
October 1, 1980, if =zero status has
previously been stacked at a device and
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if a command other than test 170 is
received by the same device, the =zero
status is discarded by the control unit
or device, busy is not indicated, and
execution of the command proceeds
normally.

CHANNEL END

Channel end is caused by the completion
of the portion of an I/0 ocoperation
involving execution of a command; this
execution may also include the transfer

of data between the I/0 device and the
channel.
Each I/0 operation causes only one

channel-end indication to
The channel-end condition is not gener-
ated unless the command is accepted,
that is, the initial status byte for the
operation contained either all zeros, or
channel end without busy as in the
execution of an immediate operation. If
the initial-status byte contained all
zeros, the next status byte presented by
the device includes channel end. If
channel end 1is not included in this
status byte, an error condition may be
recognized by the channel and the 1I/0
operation, if any, terminated.

be genarated.

During an I/0 operation, the exact time
that channel end is generated depends on
the operation and the type of 1/0
devicae. For operations such as writing,
some I/0 devices generate the channel-
end condition when the data has been
written. On other 170 devices that
later verify the writing, channel end
may be delayed until verification is
performed, depending on the I/0 device.
On 1I/0 devices equipped with buffers,

the channel~end condition may occur on
completion of data transfer between the
channel and the buffer. During

execution of control commands that
involve data transfer, channel end is
usually generated after the data is

transferred to the control unit,
although for some I/0 operations, chan-
nel end may be delayed until the

operation is completed. Operations that
do not cause data to be transferred, as
in the case of immediate operations, can
provide the channel-end condition during
the initial-selection sequence.

DEVICE END

Device end is presented to the channel
(1) when the completion of an 170 opera-
tion is signaled by the I/70 device,
(2) whaen the 1I/0 device, having previ-
ously responded busy, signals that a
change from the busy to the not-busy
state has occurred, (3) when the 1I/0

device signals that a
not-ready to the
occurred, and (4) when the control unit
or I/0 device signals that an asynchro-
nous condition has been recognized.

Each 1I/0

device-end
situation, the
not generated

change from the
ready state has

operation causes only one
condition. In this
device-end condition is
unless the command is

accepted.

The device-end condition associated with
an I/0 operation is generated either
simultaneously with the channel-end

condition or later. For data-transfer
operations on some I/0 devices, the
operation is complete at the time chan-
nel end is generated, and both device
end and channel end occur together. The
time at which device end is presented
depends upon the I/0 device type and the
kind of command executed. For most I/0
devices, device end is presented when
the I/0 operation is completed. In some
cases, fTor reasons of performance,
device end is presented before the I/0
operation has actually been completed at
the I/0 device. Howaver, in all cases,
when device end is presented, the 1I/0
device is available for an initial-
selection sequence if command chaining
was indicated when the device end was
accepted by the channel. During
execution of control commands, the
device-end condition may be generated at

the time channel end is generated, or
later.
If an I/0 operation has been completed

and status of only channel end has been
accepted by the channel, the next status
byte presented by the I/0 device
contains either device end or device end
and status modifier; otherwise, command
chaining, if any, is not indicated. A
device-end signal received by the chan-
nel in the absence of any unusual
conditions causes the channel to initi-
ate the next command-chained I/0
operation, if any. Device-end status,
when received by the channel in the
presence of unusual conditions, causes
the channel to terminate command chain-
ing, if any, and report the unusual
condition to the program. If, during
command chaining, an unusual condition
is recognized subsequent to device end
having been accepted by the channel and
before acceptance of the next command by
the control unit, command chaining does
not occur, and the device-end status
previously presented is not made avail-
able to the program.

If an I/0 device previously responded
busy, device end is signaled on the path
over which the initial-selection
sequence wWas initiated when the 1I/0
device becomes not busy. In this situ-
ation, device end is signaled only once,
independent of the number of times the
170 device responded busy.
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Davice end is accompanied by attention
and unit exception when a state change
from not-ready to ready is signaled.*
An I/0 device is considered to be not
ready when operator intervention is
required in making the I/0 device ready.
A not-ready condition can occur, for

example, because of any of the
following:
1. An unloaded condition in a

magnetic-tape unit.
2. Card equipment out of cards or
stacker full.

3. Printer out of paper.

4. Error conditions that need operator
intervention.

5. An I/0 device having
the enabled to the disabled state.

When a not-ready-to-ready-state transi-
tion occurs on an I/0 device that is
shared by mare than one channel, the I/0
davice must present the appropriate
indication® to all attached channels.

other
recognized

Device end is
status when conditions are
that are unrelated to the execution of
an I/0 operation. These conditions are
presented to the channel as they occur.

accompanied by

UNIT CHECK

Unit check indicates that the I/0 device
or control unit has detected an unusual
condition that is detailed by informa-
tion available to a basic sense command.
The occurrence of unit check may indi-
cate that a programming error or an
equipment error has been detected, that
the not-ready state of the device has
affected the execution of the command,
or that an exceptional condition other
than the one identified by unit excep-
tion has  occurred. The unit-check bit
provides a summary indication of the
conditions identified by sense data.
(See also "Command-Retry Feature" in
Chapter 3, "Features.")

An error condition causes the unit-check
indication when the error condition
occurs during execution of a command or
during some activity associated with an
I/0 operation. Unless the error condi-
tion pertains to the activity initiated
by a command or is of significance to
the program, the condition does not
cause the program to be alerted after
device end has been cleared; a malfunc-

4 170 devices designed prior to October 1,

device end, attention, and
state transition.

Chapter 2.

changed from.

tion may, however, cause the device to

become not ready.

Unit check is indicated when the exist-
ence of the not-ready state precludes a
satisfactory execution of the command or
when the command, by its nature, tests
the state of the I1/0 device. When no
status is pending for the addressed I/0
device at the control unit, the control
unit signals unit check when test I/0 or
the no-operation control command is
issued to a not-ready 1/0 device. In
the case of a no-operation, the command
is not accepted, and channel end and
device end do not accompany unit check.

Unless the command is designed to cause
unit check, such as a command to rewind
and unload magnetic tape, unit check is
not indicated if the command is properly
exaecuted, even though the I1/0 device has
become not ready during or because of
the operation. Similarly, unit check is
not indicated if the command can be
executed with the I/0 device not ready.
A console could, for example, accept and
execute the alarm-control command when
the printer is not ready. Selection of
an I/0 device 1in the not-ready  state
does not cause a unit-check indication
when the sense command is issued or when
a status condition is pending for the
addressed device at the control unit.

If, during the initial-selection
sequence, the I/0 device detects that
the command cannot be executed before
initial status is presented, unit check
is presented to the channel and it
appears wWithout channel end, control-
unit end, or device end. Such unit
status indicates that no action has been
taken at the device in response to the
command. If the condition  that
precludes proper execution of the opera-
tion occurs after the command has been
accepted, unit check is accompanied by
channel end, control-unit end, or device
end, depending on when the condition was
detected. Errors detected after device
end is cleared may be indicated by
signaling unit check with attention,
unit check with control-unit end, or
unit check with device end.

Unit-check status presented either in
the absence of or accompanied by other
status indicates only that sense infor-
mation is available to the basic sense

command. Presentation of either channel
end and unit check or channel end,
device end, and unit check does not

provide any indication as to the kind of
conditions encountered by the control
unit, the state of the I/0 device, or
whether execution of the operation has
been started. Instead, descriptions of

1980 present status of only device end or

unit exception when signaling a not-ready-to-ready-
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these conditions or states are provided
in the sensa information.

Whaen unit check appears with channel end
and without device end, the sense data
and an availabla davice path are
presarved until after the davice end and
the sense data are accepted or raset.

Errors, such as invalid command code or
invalid command-code parity, do not
cause unit chaeck when the device is
working or contains a pending inter-
ruption condition at the time of
selection. Under these circumstances,
the 170 device responds by providing the
busy bit and indicating any pending
status. The command-code validity is
not indicated.

Tarmination of
unit-check indication causes command
chaining to be suppressed. (See "Com-
mand Retry Feature" in Chapter 3, "Fea-
tures.™)

Note: If an 170 device becomes not
ready on completion of a command, the
ending status can be cleared by test I/0
without generation of unit check because
of the not-ready state. Any subsequent
test 170 issued to the I/0 device causes
a unit-check indication.

an operation with the

UNIT EXCEPTION

Unit exception means that the I/0 device
detected an unusual condition that needs
to be reported to the program. During
execution of an I/0 operation, unit
exception has only one meaning for any
particular command and tyvpe of 170
device. A sense operation is not
required as a responsa to the acceptance
of a unit-exception condition.

A unit-exception condition may be gener-
ated when the I/0 device is executing an
I70 operation, or when the device is
involved with some activity associated
with an I/0 operation and the condition

is of immediata significance. If a
device detects a unit-exception condi-
tion during the initial-selection

sequence, unit exception is presented to
the channel without channel end,
control-unit end, or device end. Such
unit status indicates that no action has
bean takaen at the davice in response to
the command. If the condition that
precludes normal execution of the opera-
tion occurs after the command has been
accepted, unit exception is accompanied
by channel end, control-unit end, or
device end, depending on when the condi-
tion is detected. Any unusual condition
associated with an operation but
daetected after device end is cleared, is
indicated by signaling unit exception
with attention.

The unit-exception condition.
command chaining to be suppreaessed.

causas

Unit exception is accompanied by device
end and attention when a not-ready-to-
ready-state transition is signaled.
(See "Device End™ in this chapter.)

STATUS COMBINATIONS

The following rules indicate status
combinations which are appropriate or
inappropriate, depending on the state of
an I/0 operation when status is
presented by the device. If a status
byte is accepted by the channel which
has valid parity, but which contains a
combination of status bits that is inap-
propriate at the time the status is
presented, an error condition may be
recognized by the channel. If such an
error is recognized, command chaining is
suppressed. (Appropriate and inappro-
priate status
ggmmgrgzed in tables contained in Appen-
ix D. ,

1. When status is presented during the
short-busy sequence, the only
appropriate status combinations are
either (1) busy and status
modifier, (2) busy, status
modifier, and control-unit end, or
(3) busy. All other status combi-
nations presented during the
short-busy sequence are considered
inappropriate. :

(See Figure D-1 in Appendix D.)

2. When status is presented during an
initial-selection sequence which is
not the result of command chaining,
for any command other than test
I/0, the following status-.combina-
tions are considered inappropriate:

a. The status byte
device-end bit

contains the
set to one and

both the channel-end and busy
bits set to zeros.
b. The status byte contains any

combination of control-unit-
end, status-modifier, and
attention bits set to ones and

no other status bit is set to
one. :
c. The status byte contains the

control-unit-end bit set to
one, busy, channel-end, and
davice-end bits set to zeros, .
and any combination of  unit-
check and unit-exception bits
sat to ones.

(See Figure D-2 in Appendix D.)

3. When status is presented during an
initial-selection sequence which is
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a result of command chaining, for
any command other than test I1/0,
the following status combinations
are considered inappropriate:

a. Tha status byte contains the
devica-end bit set to one and
both the channel-end and busy
bits set to zeros.

b. The status byte
combination of control-unit-
end, status-modifier, and
attention bits set to ones and
no other status bit is set to
ona.

c. The status byte contains the
control-unit-end bit set to
one, busy, channel-end, and
device-end bits set to =zaros,
and any combination of unit-
check and unit-exception bits
set to ones.

d. The status byte contains the

: busy bit set to one, except
when only busy and device-end
bits are set to ones.

e. The status byte contains the
status-modifier bit set to one,
any combination of unit-check
and unit-exception bits set to
ones, and all other status bits
set to zeros.

contains any

(Sea Figure D-3 in Appendix D.)

At the first presentation of status

aftar an initial status byte of
zero has been accepted (provided
that there is no intervening

sequence initiated by the channel
to select the device) the following
status combinations are considered
inappropriate:

a. The status byte contains the
channel-end bit set to zero.

b. Thae status byte contains the
busy bit set to one.

When the dynamic-reconnection
feature is used, control-unit-end
status alone, when presented during
a control-unit-initiated sequence,
does not cause the channel to
recognize an error condition. See
"Dynamic Reconnection” in Chapter
3, "Features."

(Sea Figure D-4 in Appendix D.)

At the first presentation of status
aftar the channel accepts a status

byta with either (1) only the
channel-end bit set to one and
command chaining was indicated,

(2) only channel-end, unit-check,
and status-modifier bits sat to one
when performing a command retry and
command chaining was indicated, or

Chapter 2.

(3) the channel-end bit
and the device-end bit
and command chaining
cated (provided that
intervening sequence initiated by
the channel to select the device)
the following status combinations
are considered inappropriate:

“a. The status byte contains the
busy bit set to one.

b. The status byte contains the
channel-end bit set to one.

c. The status byte
contain either the device-end
bit or the combination of
control-unit-end and unit-check
bits set to one.

When the dynamic-reconnection
feature is used, control-unit-end
status alone, when presented during
a control-unit-initiated sequence,
does not cause the channel to
recognize an error condition. See
"Dynamic Reconnection™ in Chapter
3, "Features."

set to one
sat to zero
was not indi-
there is no

does not

(See Figure D-5 in Appendix D.)

SENSE INFORMATION

Data transferred during a
tion provides information
unusual conditions detected in a previ-
ous I/0 operation and concerning the
actual state of the I/0 device. Infor-
mation provided by the basic saense oper-
ation is more detailed than that
supplied by the unit-status byte, and
may describe reasons for the unit-check
indication. It may also indicate, for
example, that the I/0 device is in the
not-ready state, that a tape drive is in
the file-protected state, or that
magnetic tape is positioned beyond the
end-of-tape marker.

sense opera-
concerning

Error information used for the recovery
of the I/0 operation, if any, normally
is provided in the first byte of sense
data. (See "™Sense Byte.") All I/0
devices provide at least the first sense
byte and may transfer up to 31 addi-
tional sense bytes during execution of
the basic sense command. (See "Sense"
in this chapter.) The amount and the
meaning of the additional sense data are
modal-dependent.

A device which normally operates in
byte-multiplex mode and transfers a
single byte during data transfer should
transmit the maximum number of sense
bytes possible during the 32-microsecond
byte-multiplex timeout limitation.

The sense information that pertains to a
previous I/0 operation or other unit
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action at an I/0 device may be reset any
time after the completion of the basic
sense command addressed to that 170
device. Except for the test I/0 and
no-operation commands, any other command
addressed to the control unit may be
allowed to reset the sense information,
provided that the busy bit is not
included in the initial status. The
sense information may also be changed as

a result of asynchronous actions, such
as when not-ready-to-ready status is
generated.

Sense information that results from more
than one condition at +the unit 1is not
combinad when this action would cause
the program to misinterpret the original
meaning and intent of the sense informa-
tion. HWhen a group of sense indicators
is shared with different devices, the
raesidual control-unit sense data that
pertains to a previous command addressed
to the control unit may be reset if the
I/0 device addressed is different from
gh: I/0 device which generated the sense
ata.

A command code with invalid parity caus-
es the sense information +to be replaced
only if unit check is turned on as a
result of the invalid parity.

SENSE BYTE
The first six bits of the first sense
data byte (sense byte 0) are common to
all I/0 devices. The six bits are inde-
pendent of each other and, when set to
onaes, designate the following:

Bit Description

] Command reject

1 Intervention required

2 Bus-out check

3 Equipment check

4 Data check

5 Overrun

SENSE CONDITIONS

Command Reject

The command-reject condition occurs when
the I/0 device has detected a program—-
mihg error. The command-reject condi-
tion 1is generated when a command is
received which (1) the I/0 device is not
designed to execute (such as a read
backward issued to a direct-access stor-
age davice), or (2) the I/0 device
cannot execute because of its present
state (such as a write issued to a
file-protected tape unit). In case 2,

the program may have required use of an
uninstalled optional feature or may have
specified invalid control data. Command
reject is also indicated when an invalid
sequence of commands is recoognized (such
as a write to a direct-access storage
device without the data block having
previously been designated).

Intervention Required

The intervention-required condition
occurs when the command could not be
executed because of a condition that
requires intervention at the I/0 device.
It may indicate conditions such as an
empty hopper in a card punch or a print-
er that is out of paper. The condition
may also be generated when the addressed
device is in the not-ready state, in
test mode, or not provided on the
control unit.

Bus-0ut Check

The bus-out check condition occurs when
the I/0 device or the contrel unit
receives a data byte or a command byte
gith invalid parity over the I/0 inter-
ace.

During writing, bus-out check indicates
that a parity error uas detected and
that incorrect data may have been
recorded at the I/0 device. However,
the condition does not cause the opera-
tion to be terminated prematurely,
unless the operation is such that an
error precludes meaningful continuation
of the operation. No operation is initi~

ated if the command code has a parity
error.

Equipment Check

The equipment-check condition occurs
when an equipment malfunction has been
detected logically betuween the 170
interface and the I/0 medium. On output
operations, this malfunction may have
caused invalid data to be recorded.

Detection of equipment check stops data
transmission and terminates the opera-
tion prematurely when the error prevents
a:y meaningful continuation of the oper-
ation.

Data Check
The data-check condition occurs when
invalid data has been detected by the
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control unit or I/0 device. When
signaled during execution of a write
command, the data-check condition indi-
cates that incorrect data may have baeen
recorded by the 1I/0 device. When
signaled during execution of a read
command, the data-check condition means
that the control unit may have forced
correct parity on the data transferred
to the channel.

Data errors on reading and writing cause
the operation to be terminated prema-
turely only when the errors prevent
meaningful continuation of the oparation
(loss of synchronization).

Qverrun

The overrun condition occurs when the
channel fails to respond to the control
unit in the anticipated time interval to
a request for service from the I/0
device. MWhen the total activity initi-
ated by the program exceeds the capabil-
ity of the channel, an overrun may
occur. The overrun may occur (1) when
data is transferred to or from a control
unit that does not have a buffer large
enough to hold all the data transferred
by the command, (2) when the data-
streaming feature 1is used, or (3) when
the I/0 device receives the new command
too late during command chaining.

On an output operation, overrun indi-
cates that data recorded at the device

may be invalid. In these cases, data
ovarrun normally stops data transfer,
and the operation terminates as when

'stop' is indicated.

GENERAL SYSTEM CONSIDERATIONS

INTERFACE-TIMEOUT CONSIDERATIONS

Except when data streaming
signaling over the 1I/0
specified to be interlocked and is
therefore not time-dependent. (See
"Data-Streaming Feature"™ in Chapter 3,
"Features.") Because the signaling may
not always be time-dependent, a certain
category of machine malfunctions may
cause hangup of the channel and, unless
detected and canceled, may result in

i occurs,
interfaca is

hangup of the system. The timing
considerations involved in determining
malfunction cases are described in the

following paragraphs.

All references in this section to
particular time considerations represent

Chapter 2.

the maximum permissible time in worst-
case situations. All control units are
dasigned for minimum signal—-saquence-
responsa times within the limitations of
the circuit family used and the sequenc-
ing method required for particular 1/0
devices. The maximum time contributed
by a control wunit to an initial-
selection or a short-busy sequence,
because of the control-unit circuitry,
is no more than 32 microseconds. This
restriction also applies to all byte-
multiplex-mode connections. (Seea
"Selection™ in this chapter.)

interface signal sequence
may take longer because of other
factors, such as delays introduced by
the channel or a delay because of the
need for a burst-mode I/0 davice to
capture the interface before reaching
the specified record area of the record-
ing medium (not greater than 500
milliseconds).

A particular

In addition to excessive delays that may

occur within a particular signal
sequence, excessive delays may exist
between data-transfer sequences during

burst-mode operation. The maximum delay
between data-transfer sequences in burst
mode is 500 milliseconds. The channel
does not indicate a malfunction unless
the delay between data-transfer
sequences exceeds approximately 30
seconds. Activity on the I/70 interface
may be absent because of other condi-
tions (such as reading a long gap on
magnetic tape created by successive
erase commands).

PROPAGATION OF SELECT OUT

During an initial-selection
with a device address not assigned to a
control unit or, during a control-unit-
initiated sequence, if the control unit
does not require service or selection,
'select out' is propagated by the unit
within 600 nanoseconds to meet perform-
ance requirements; in no case does it
exceed 1.8 microseconds per control
unit. (See "Initial-Selection Sequence"
and "Control-Unit-Initiated Sequence” in
this chapter.) If an initial-selection
sequence With a device address assigned
to a control unit is attempted and
(1) the addressed I/0 device is unavail-
able, and (2) ‘'select out' is to be
propagated, the time required to propa-
gate 'select out' may be the same as the
time required for an initial-selection
sequence Tor that control unit. This
time, measured at the eaxternal cable
connectors, extends from the rise of the
incoming 'select out' to the rise of the
outgoing 'select out'.

sequence
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SYSTEM CONFIGURATION

the general system
as eight control
connected to a

Number of Units: In
configuration, as many
units can be directly
single I/0 interface.

Internal Cabling: Except for ‘'select
out' and 'select in', the maximum allow-
able internal resistance (including all
contact resistance) contributed by a
channel or control unit, for every
signal line, is 1.0 ohm. The combined
Yselect out' and 'select in' maximum
resistance for the control unit is 1.5
ohms.% The maximum resistance for
*select out' and.  'select in' in a
control wunit wusually occurs when the
control-unit power is off and electrical
bypassing is effective.

For control units, the internal resist-

ance is measured between the incoming
and the outgoing pins on the external
connectors. For channels, the measure-
ment is made betueen the external

connector pin and the
channel driver or receiver.

With the exception of the
out'/'select in' line, the
signal delay measured betuween the
external pins is 15 nanoseconds. The
maximum skew between any two signal
lines is 1 nanosecond. The delay for
the bus lines does not exceed the delay
for the tag lines.

External Cabling: The cable length
available for the interconnection of
channel and control units is primarily
limited by the resistance to the inter-
face lines which is contributed by the
channel and the control units. For
specific control units, the signal
delays due to cable length require that
the control unit be relatively close to
the channel. Houwever, the maximum
allowable cable length is limited by
total series resistance between drivers
and receivers, if signal-cable delay
requirements are met for each attached
control unit.

corresponding

'select
maximum

The maximum external connector-to-
connaector cable length for unrestricted
general systems configurations is deter-
mined by the combined internal resist-

ance specification for ‘salect
out'/'select in'. The maximum line
resistance for the total 'salect
out'/*select in' loop is not greater

than 52.5 ohms for
conditions.

worst-case

installations
redrivan at the
the maximum cable
length is determined by the 1.0-ohm
internal control-unit and channel
resistance specifications for the signal
lines other than 'select out' and
'select in'. In this case, the maximum
cable length can be calculated by using
the 33-ohm driver-to-receiver maximum
line resistance specification for
worst-casa conditions.

In éertain‘ customi zed
where 'select out' is
end of the cable,

OFFLINE/ONLINE

an offline mode it must not
interfere in the operation between the
channel and other control units on the
same I/0 interface, the control unit
provides the following: i

Because in

1. A logical bypass for 'select out'

2. A gating off of all other lina
drivers to prevent interference on
the I/0 interface i

The control-unit transftion to or from
an offline/online condition does not

cause a machine malfunction. The
following minimum conditions exist
concurrently bafore the online-to-

offline transition occurs:

1. The online/offline switch is set to
offline. '

2. The control unit is not actively
communicating with the channeal, .
either for executing an I/0 opera-
tion ('operational in' is activae)
or for signaling a busy condition
(*'status in' is active during a
short-busy sequence).

3. The control unit is not currently
disconnected from the I/0 interface
during the execution of an 170
opg:ation involving that control
unit.

6. No stacked, pending, or forthcoming
status exists for this unit.

5. No command chaining is
indicated for this unit.

Existence of the

currently

preceding conditions
ensures that no machine malfunctions
occur when the operator throws the
switch from online to offline.

For channels and control units designed before October 2, 1970, the maximum allow-

able internal resistance (including all contact resistance) contributed by a chan-

nel or control unit for every signal line
combined 'select out!'

is 2.0 ohms. The
control unit is 3.0 ohms.

and 'select in'

except for 'select out' and 'select in'
maximum resistance for a
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POWER EFFECTS

: The power-off state of
any control unit does not affect any
oparations of other control units on the
I70 interface. The control unit whose
power is off providas an electrical
bypass for 'select out', and all of its
interface driver and receiver circuits
ara pravented from interfering with the
