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Preface 

The I/O Interface (Channel to Control e nit) is the 
conmnication link between the CPt.' channel and the 
nl.rious I/O control units in the IB~1 System/360. It 
employs information formats and control signal se
quencing to prm'ide uniform means for attaching and 
controlling yarious types of control units. 

Information. in the form of data, status and sense 
information. control signals and I/O device addresses, 
is transmitted oyer the 34 time- and function-shared 
lines of this interface. ,\11 transmissions of information 
are interlocked \\'ith corresponding response signals. 

The design of this interface provides these impor
tant features: 

A degree of consistency of input/output program
ming oyer a \\'ide range of control units. 

Ready physical connection to System/360 channels 
of control units designed by any manufacturer 
to operate with this interface. 

Ability to physically accommodate future control 
units designed to meet the parameters of this 
interface. 

FOllfth Edition 

An interlocked interface operation that is not very 
time-dependent; this feature increases the range 
of control units that may be attached. 

An operation applicable to both multiplex and burst 
mode operations as well as many control opera
tions and channel-to-channel transmissions. 

Cp to eight control units serviced per set of lines. 

This Original Equipment I\1anufacturers' Informa
tion (oE~n) I\fanual provides a functional description 
of these lines together with the electrical, mechanical 
and cabling considerations, and specifications of the 
interface. It does not define the interface between 
control units and I/O devices. 

This publication is open-ended to permit future ex
tensions to the I/O interface. The document also pro
vides additional information of interest to designers 
and manufacturers of equipment to be attached to the 
IB~I System/360. 

The I/O interface, or any aspect of the I/O interface, 
may be altered from time to time by IB:M or may be 
withdrawn by IB~I in part or in whole. 

This edition, Form A22-G84.'3-:3, ohsoletes Form A22-(i~H'3-2. Significant 
challges have heen made throughout the manual, and thi" new editiol1 
shouhl he reviewe(l in its entirety. 

Sllceifieations contained herein are subject to chang(' from time' to time, 
Any such change will he reported in suhsequent revisions or Technical 
1'\ ewslcttcrs, 

Hequests for copies of IB\l p1lhlications should be made to your IBM rep
rpscntative or to the IB\I hranch office serving your locality. 

This manual has 1>('('11 prepared hy the IBM System ... D(·velopment Divi ... iol1, 
Product Puhlications, Dept. B9H, P.O. Box .'3~)O, Poughkecpsie, :\'.Y. 12(i02. 
Address commcnts concerning the manual to this addr(''>s. 
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Input/output devices provide external storage and a 
means of communication between data processing 
systems or between a system and the external world. 

Input/output (I/O) devices are attached to the cen
tral processing unit (CPU) by means of channels and 
control units in various configurations (Figure 1). 

Chan
nel 
A 

CPU 1 

Chan
nel 
B 

Channel-to
Channe I Adapter 

Functional Description 

The channel directs the flow of information between 
I/O control units and main storage. 

The control unit provides the logical capability 
necessary to operate and control an r/o cle\'ice. and 
adapts the characteristics of each I/O device to the 
standard form of control provided by the channel. .\ 
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Figurt' 1. InpUt/Output Interfacl' -- ~Iultil)lt' Configurations 
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control unit may he housed separately or it may be 
physicalIy and logically integral with the I/O device. 

An I/O device attached to the control unit may bc 
designated to perform only certain limited operations; 
for example recording data and moving the recording 
medium. To accomplish these functions the I/O de
vice needs detailed signal sequences peculiar to that 
type of I/O device. The control unit decodes the com
mands received from the channel, interprets tlwm for 
the r/o device, and provides the signal sequence for 
executing the operation. 

The connection between the channel and the con
trol unit is called the I/O interface. The I/O interface 
provides an information format and a signal sequence 
common to all control units. The interface consists of 
signal lines that connect a number of control units to 
a channel (Figure 1.) Except for signals used to 
establish selection control, all communications to and 
from the channel occur over a common bus; i.e., any 
signal provided by the channel is available to all con
trol units (Figure 2). At anyone time, however, only 

C~annel 

D Driver 
R Receiver 
T Terminator 

Out Lines 

In Lines 

Select Out 

Select In 

Highest Priority 
Control Unit 
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Figure 2. Interconnections on the Input/Output Interface 

6 

one control unit can he logical1y connected to the 
channe1. Selection of a control nnit for communication 
with the channel is controlled by a signal (passing 
serially through a]] control units) that permits, sc
quential1y, each control unit to respond to the signals 
provided by the channel. A control unit ]"('mains logi
cally connected to the interface until it transfers the 
information it needs or has, or until the channel sig
nals it to disconnect. 

The interface can accommodate up to 256 directly 
addressable I/O devices (limit set by addrcssing fa
dlities). The number of control units that can he 
accommodated is limited only by timing and electri
cal considnations within the given addressing limita
tions. 

The multiplexing facilities of the interface permit 
the possibility of operating any number of the 256 I/O 

devices concurrently on a single interface; portions of 
various messages can he transmitted over the inter
face in an interleaved fashion to or from different I/O 

devices, or a complete message can be transmitted in 
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a single interface operation. The operation is deter
mined by the particular channel and control unit. 

The rise and fall of all signals transmitted over the 
interface are controlled by interlocked responses. In
terlocking removes the dependence of the interface 
on circuit speed, and makes it applicable to a wide 
variety of circuits and data rates. Further, interlock
ing permits connecting control units of different cir
cuit speeds to a single channel. 

Line Definition 
The I 0 interface connects a channel with control 
units. External cables physically connect all control 
units in a chain, with the first control unit connected 
to the channel. See Figures 1 and 2. 

Input / Output Interface Lines 

The I 0 interface lines and their uses are: 

XA~IE OF LIXE 

Bus Out Position P 
Bus Out Position 0 
Bus Out Position 1 
Bus Out Position 2 
Bus Out Position .3 
Bus Out Position 4 
Bus Out Position .5 
Bus Out Position 6 
Bus Out Position 7 

Bus In Position P 
Bus In Position 0 
Bus In Position 1 
Bus In Position 2 
Bus In Position .3 
Bus In Position 4 
Bus In Position .5 
Bus In Position 6 
Bus In Position 7 

Address Out 
Address In 
Command Out 
Status In 
Service Out 
Service In 

Operation Out 
Operational In 
Hold Out 
Select Out 
Select In 
Suppress Out 
Request In 

\letering Out 
\letering In 
Clock Out 

ABBRE\'lA TIOX 

Bus Out P 
Bus Out 0 
Bus Out 1 
Bus Out 2 
Bus Out.3 
Bus Out 4 
Bus Out 5 
Bus Out 6 
Bus Out 7 

Bus In P 
Bus In 0 
Bus In 1 
Bus In 2 
Bus In.3 
Bus In 4 
Bus In.5 
Bus In 6 
Bus In 7 

Adr Out 
AdrIn 
Cmd Out 
Sta In 
Srv Out 
Srv In 

OplOut 
OplIn 
HId Out 
SelOut 
Sel In 
Sup Out 
Req In 

\1tr Out 
\Itr In 
Clk Out 

USES 

Bus Out - Used to 
transmit information 
(data, I/O device ad
dress, commands, con
trol orders) from the 
channel to the control 
unit. 

BliS In - Used to 
transmit information 
( elata, selected I/O 
device identification, 
status information, 
sense data) from the 
control unit to the 
channel. 

Tags - Used for inter
locking and controlling 
information on th~ 
buses, and for special 
sequences. 

Selection Controls 
U sed for the scanning 
of, or the selection of, 
attached I/O devices. 

Metering Controls -
Used for the condition
ing of usage meters lo
cated in the various 
attached units. 

:\OTE: The validity of information on the buses and the 
timing of the signals on the tag lines is specified at the chan
nel cable connectors. 

Buses - General 

Each bus is a set of nine lines consisting of eight in
formation lines and one parity line. Information on 
the buses is arranged so that bit position 7 of a bus 
always carries the low-order bit within an eight-bit 
byte. The highest-order bit is in position 0 and inter
vening bits are in descending order from position 1 
to position 6. 

\Vhen a byte transmitted over the interface consists 
of less than eight information bits, the bits must be 
placed in the highest-numbered contiguous bit posi
tions of the bus. Any unused lines of the bus must 
include the low-numbered positions (position 0 and 
adjacent positions). U l1used lines must present logi
cal zeros to the receiving end. The parity bit of any 
byte must appear in the parity position (P). The byte 
must always have odd parity (Table 1). 

Bus Out 

'Bus out' is used to transmit addresses, commands, 
control orders, and data to the control units. The 
type of information transmitted over 'bus out' is indi
cated by the outbound tag lines: 

1. \\Then 'address out' is up during the channel
initiated selection sequence, 'bus out' specifies the 
address of the I/O device with which the channel 
wants to communicate. 

2. \\'hen 'command out' is up during the channel
initiated selection sequence, 'bus out' specifies a com
mand. 

.3. \Vhen 'service out' is up in response to 'service 
in' during the execution of a write or control com
mand, the nature of the information on 'bus out' de
pends on the type of operation. For example, during 
a write operation it contains data to be recorded by 
the I/O device. During a control operation it can 
specify an order code or a second-level address with
in the control unit or I/O device. 

The period during which information on 'bus out' 
is valid is controlled by the tag lines. During trans
mission of the I/O device address, information on the 
bus need be valid from the rise of 'address out' until 
the rise of 'operational in,' 'select in,' or, in the case of 
the control-un it-busy sequence, until 'status in' drops. 
\ Vhen the channel is transmitting any other type of 
information, the information on 'bus out' is valid from 
the rise of the signal on the associated outbound tag 
line until the fall of the signal on the responding in
bound tag line. 

Some skew on 'bus out' must be accommodated by 
the channel. (Except as noted in the section "Address 
Out," the channel must delay raising of the signal 
on the outbound tag lines by a time duration which 
ensures that the information on 'bus out' will precede 
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Table 1. Organization of Information on Bu:-; 

PACKED lC\P.-\CKED 

BCD :\,C.\lEHlC :\'C.\[EHIC EBCDIC USASCII-8 BI~ARY 

Bl"S LI~E ( POSITIO:\' \'ALlT ) ( POSITIO:\' \,ALl"E) l POSlTIO:\' \,.-\Lt.:E) ( BIT POSITlO:\,S) ( BIT POSITIO:\'S ) ( POSITIOX \' ALUE ) 

p 
o 
1 
;2 

3 
4 
5 
6 
7 

P 
o 
o 
B 
A. 
8 
4 
2 
1 

x = Higher order digit 
X -'- 1 = Lowcr order digit 

o = Logical Zero 

P 
8 

-I 
2 
1 
8 

4 
2 
1 

t Di,\.dt ~ 
.~ 

X 
1. 

} f Digit 
X+l ) 

the signal on the outbound tag line by not less than 
100 nanoseconds (ns) when measured at the cable 
connectors at the channel location under the worst-case 
ske\\" conditions.) The channel thus must provide a 
delay that accommodates skew caused by its own 
circuitry and, in addition, must provide a delay of at 
least 100 ns. This delay compensates for skew caused 
h~' the cable, and for most control units, will also be 
sufficient to accommodate the skew caused by the 
interface receivers. \\'hen a control unit can cause 
more skew, the control unit must provide the addi
tional delay to compensate for it. 

Bus In 

'Bus in' is used to transmit addresses, status, sense in
formation, and data to the channel. A control unit can 
place and maintain information on 'bus in' only when 
its 'operational in' is up. except in the case of the 
control-unit-busy sequence. 

The type of information transmitted over 'bus in' 
is indicated by the inbound tag lines: 

1. \\'hen 'address in' is up, 'bus in' specifies the 
address of the currently selected I/O device. 

2, \"hen 'status in' is up, 'bus in' contains a byte of 
information that describes the status of the I/O device 
or control unit. 

3. \\7hen 'service in' is up during execution of a 
read or sense command, the nature of the information 
contained on 'bus in' depends on the type of opera
tion. During a read operation, it may contain a byte 
of data from the record medium. During a sense oper
ation, the bus contains a set of bits describing the 
detailed status of the I/O device and the conditions 
under which the last operation was terminated. 

The period during which information on 'bus in' is 
valid is controlled by the tag lines. Information on the 
bus must be valid ,,"ithin 100 ns after the rise of the 
associated inbound tag and must remain valid until 
the rise of the responding outbound tag, or in a control
unit-busy sequence, until 'select out' drops. The 100-

P 
0 
0 
0 
0 
8 

-I 
2 
1 

P P P 
0 7 128 
1 6 64 
2 X 32 
3 5 16 
4 4 8 

5 3 4 
6 2 2 
7 1 1 

ns delay between the rise of the inbound tag and the 
time the signal becomes valid on 'bus in' places the 
responsibility on the channel for deskewing 'bus in.' 
The channel must provide a delay in the inbound tag 
lines to accommodate skew caused by the channel 
circuitry (including its receivers) and, in addition, 
must provide a delay of at least 100 ns. This delay 
compensates for skew caused by the cable, and, for 
most control units, the skew caused by their drivers. 
This delay provides sufficient time to deskew the in
formation so that the inbound tag can be raised by the 
control unit at the same time information is placed 
on the bus. \Vhen a control unit and cable can cause 
more skew than can be accommodated by a 100-ns 
delay, the control unit must provide the additional 
delay to eliminate this greater ske\v. 

Selection Controls and Tag Lines 

Operational Out 

'Operational out' is a line from the channel to all at
tached control units and is used for interlocking pur
poses. Except for 'suppress out,' all lines from the 
channel are significant only when 'operational out' is 
up. \Vhenever 'operational out' is down, all inbound 
lines from the control unit must drop and any opera
tion currently in process over the interface must be 
resd. P neler these conditions, all control-unit gener
ated interface signals must be down within 1.5 micro
seconds (fJvsec) after the fall of 'operational out' at the 
control unit. See "Selective Reset" and "System Reset." 

Request In 

'Request in' is a line from all attached I/O control units 
to tlw channel and indicates that the control unit is 
ready to present status information or data and thus 
is requesting a selection sequence. See "Control Unit 
Initiated Sequence." 'Request in' should be dropped 
when 'operational in' rises, unless additional selection 



sequences arc required, or when the control unit is no 
longer ready to present the status information or data, 
or when the selection requirement is satisfied by an
other path. 'Request in' must in no case fall later than 
2.50 ns after the fall of 'operational in' if the sequence 
satisfies the service requirements of the control unit. 

'Request in' must not remain up when 'suppress out' 
is up if the request for status presentation is suppres
sible (see "Suppress Status"). Under this condition 
'request in' must fall at the control unit within 1.5 fLsec 
after the rise of 'suppress out' at the control unit. 

'Request in' can be signaled by more than one con
trol unit at a time. 

Address Out 

'Address out' is a tag line from the channel to al1 
attached control units. It provides two functions: 

l. I/O Device Selection. 'Address out' is used to 
signal all the control units to decode the I/O device 
address on 'bus out.' The control unit, when recog
nizing the address, must respond by raising its 'opera
tional in' line when its incoming 'select out' (see 
"Select Out/Hold Out and Select In") rises with 'ad
dress out' still up (except in the case of control unit 
busy). The rise of 'address out' precedes the rise of 
'select out' by a minimum of 400 ns and follows the 
placing of the I/O device address on 'bus out' by at 
least 250 ns. If 'address out' fal1s before 'select out' 
rises, this control-unit selection is canceled. 

'Address out' can rise only when 'select out' (hold 
out), 'select in,' and 'operational in' are down at the 
channel (except as otherwise noted in this para
graph). Ultimate use of the address on 'bus out' at the 
control unit is timed by the next rise of 'select out' at 
the addressed control unit. The rise of 'address out' 
must be delayed at least 250 ns after the address is 
placed on 'bus out.' Once 'address out' and 'select out' 
(hold out) are up, 'address out' must stay up until 
either 'select in' or 'operational in' rises, or until 'status 
in' fal1s, in the case of the control-unit-busy sequence. 
During I/O device selection, 'address out' cannot be 
IIp concurrently with any other outbound tag line. 

2. Disconnect Operation. If 'hold out' is down and 
'address out' rises or 'address out' is up and 'hold out' 
fa11s, the presently connected control unit must drop 
its 'operational in,' thus disconnecting from the inter
face. 'Address out' remains up until 'operational in' 
drops. 'Operational in' must drop within 6 fLsec after 
receiving the disconnect indication. Mechanical mo
tion in process continues to a normal stopping point. 
Status information will be generated and presented 
to the channel when appropriate. See "Interface Dis
connect." 'Address out,' in this case, may be up con
currently with another outbound tag line. 

Select Out/Hold Out and Select In 

Control unit selection is controlled by 'select out,' 
'select in,' and 'hold out.' 'Select out' and 'select in' 
form a loop from the channel through each control unit 
to the cable terminator block (select out), again 
through each control unit back to the channel (select 
in). Control-unit-selection circuitry may be attached 
to either 'select out' or 'select in.' A selection priority 
is established because the rise of 'select out' is effective 
only to the first control unit on the line, and if selec
tion is not required, is in turn propagated by each 
control unit to the next control unit on the line. This 
priority is in a descending sequence from the channel 
through each control unit with selection circuitry at
tached to 'select out' followed, in descending order 
back to the channel, by the remaining control units 
with selection circuitry attached to 'select in.' (See 
Figure 2.) 

Note: For purposes of clarity, this document as
sumes that the selection circuitry of al1 control units 
is attached to 'select out.' 

Each control unit must ensure that the process 
of electrically by-passing 'select out' before power 
changes does not interfere with the propagation of 
'select out.' Each control unit must therefore ensure 
that 'select out' discontinuities, which may occur when 
another control unit on the interface is powered up or 
down, do not affect the propagation of 'select out.' 
This should be accomplished by the use of a special 
latch circuit. The latch is turnC'd on by the AND of 
'select out' and 'hold out,' and is reset by the fall of 
'hold out.' Thc circuit is in scries with the remaining 
selection circuitry in the control unit and provides a 
constant 'select out' within the control unit, and there
fore to the fol1owing control unit, regardless of varia
tions in the input 'select out' signal. (See Figure ,3.) 

Throughout the following description, 'select out' 
assumes the proper operation of the latch; i.e., the 
rise of 'select out' at the control unit presumes that 
'hold out' is up and the fall of 'select out' is a result 
of the fal1 of 'hold out.' 

Select Out is a line from the channel to the control 
unit that has highest priority, and from any control 
unit to the control unit next lower in priority. This 
line, together with 'select in,' provides a loop for scan
ning the attached control units. A control unit can 
raise its 'operational in' only at the rise of its incoming 
'select out.' If a control unit does not require selection, 
it must propagate the signal to the next control unit. 
Once a control llnit propagates 'select out,' it cannot 
raise its 'operational in' or respond with a control-unit
busy sequence until the next rise of the incoming 
'select out.' 

\Vhen an operation is heing initiated by the channel, 
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the rise of 'address out' must precede the rise of 'select 
(mt' by a minimum of 400 ns. 

The channel must keep 'select out' up until either 
'select in,' or 'address in' and 'operational in,' or 'status 
in' rises. \Vhen 'select in' rises, 'select out' must drop 
and may not rise again until after 'select in' falls. A 
control unit becomes selected only when it raises its 
'operational in.' 'Select out' must drop so that 'opera
tional in' may drop. However, after the drop of 'select 
out,' th~"' control unit must keep 'operational in' up 
until the current signal sequence is completed. Ex
cept for the interface disconnect sequence, channels 
that force burst mode keep 'select out' up until the 
end of the operation. A rise of the incoming 'select 
out' in a control unit signals that the control unit can 
1)('con1<.' selected to the channel by raising 'operational 
in.' If a control unit raises 'operational in,' it must sup
press the propagation of 'select out' to the next control 
unit. If the control unit does not rcquire selection, it 
must propagate 'select out' to the next control unit 
within 1.8 fLsec. See "Interface Time-Out Considera
tions." 

Hold Out is a line from the channel to all attached 
control units and is used in conjunction with 'select 
out' to provide synchronization of control-unit selec
tion. 

'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. Therefore, 
once 'hold out' drops, it must not rise for at least 4 
fLsec in general system configurations. The minimum 
clown tJime of this signal may be ootionally adjusted 
at installation time to a minimum of 2 fLsec to handle 
high-speed channel configurations. In all cases, the 
channel must be capable of providing the 4 fLsec 
timing for general system configuration (see "System 
Configuration") . 

Select III is a line that extends the 'sekct, out' signal 
hOln the jumper in the terminator block (see Figure 
2) to the channel. It provides a return path (to the 
channel) for the 'select out' signal. 

Operational In 

'Operational in' is a line from all attached control 
units to the channel, and is used to signal to the chan
nel that: an I/O device has been selected (except for 
the control-unit-busy sequence). It must stay up for 
the duration of the selection. The selected r/o device 
is identified by the address hyte transmitted over 
'bus in.' 

The rise of 'operational in' indicaks that a control 
unit is selected and is communicating with the chan
nel. 'Operational in' can rise only when the incoming 
'select (mt' to the control unit is up and the outgoing 
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'select out' is down; i.e., the control unit must raise 
'operational in' (except for the control-un it-busy se

quence) in response to the rise of 'select out' and 
must block 'select out' from emanating to the next 
control unit. 'Operational in' can drop only after 
'select out' drops. 

\\1hen 'operational in' is raised for a particular sig
nal sequence, it must stay up until all required infor
mation is transmitted between the channel and the 
control unit. If 'select out' is down, 'operational in' 
must drop after the rise of the outbound tag associ
ated with the transfer of the last byte of information. 
\Vith the exception of 'request in' or 'metering in,' all 
in bound Signals must be down within 1.5 fLsec of the 
fall of 'operational 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/O device 
has been placed on 'bus in.' The channel responds to 
'address in' by 'command out.' 

The rise of 'address in' indicates that the address 
of the currently selected I/O device is available on 
'bus in.' 'Address in' must stay up until the rise of 'com
mand ant.' 'Address in' must fall so that 'command 
out' may fall. 'Address in' cannot be up concurrently 
with any other in bound tag Jine. 

Command Out 

'Command out' is a tag line from the channel to all at
tached control units and is used to signal the selected 
110 device in response to a signal on 'address in,' 
'status in,' or 'service in.' A signal on 'command out' as 
a response to 'address in' during the initial-selection 
sequence indicates to the selected I/O device that the 
channel has placed a command byte on 'bus out.' 
(The command byte has a fixed format. See "Com
mands.") This rise of 'command out' indicates that 
information on 'bus in' is no longer required to be 
valid. 'Command out' must stay up until the fall of the 
associated 'address in,' 'status in,' or 'service in.' It can
not be up concurrently with any other outboimd tag 
line, except possibly during an interface disconnect 
seqnence in which case 'address ont' may be up. See 
"Interface Disconnect." 

'Command out in response to 'address in' means 
proceed during a control-un it-initiated sequence. In 
the casp of a channel-initiated-selection sequence, 
'command out' indicates that 'bus out' defines the op
erational command to be performed. 'Command out' 
in response to 'service in' always means stop (see 

"Stop"). 'Command out' in response to 'status in' 
means stack (see "Stack Status"). 

\Vhen 'command out' is raised to indicate proceed, 



stack, or stop, 'hus out' must have a byte of all zeros, 
but need not necessarily have correct parity. 'Bus out' 
is not to be checked for parity or decoded by the con
trol unit under these circumstances. 

Status In 

'Status in' is 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 hyte has a fixed format and con
tains bits describing the current status at the control 
unit (see "Status Byte"). The channel responds with 
either 'service out' or 'command out' depending on 
whether it accepted the status byte. 

The rise of 'status in' indicates that a byte of status 
information is available on 'bus in.' 'Status in' cannot 
be up concurrently with any other inbound tag line. 
'Status in' must stay up until the rise of an out-tag, or 
in the control-unit-busy sequence until 'select out' 
falls. It must fall so that the responding out-tag may 
fall. During the control-unit-busy sequence, status in
formation on 'bus in' must be valid until 'select out' 
(hold out) falls. 

Service Out 

'Service out' is a tag line from the channel to all at
tached control units and is used to signal the selected 
I/O device in recognition of a signal on 'service in' or 
'status in.' A signal on 'service out' indicates to the 
selected I/O device that the channel has accepted the 
information on 'bus in' or has provided on 'hus out' 
the data requested by 'service in.' 

\Vhen 'service out' is sent in response to 'service in' 
during a read, or sense operation, or to 'status in,' the 
'service out' signal must rise after the channel accepts 
the information on 'bus out.' In these cases, the rise of 
'service out' indicates that the information is no longer 
required to be valid on 'bus in,' and is not associated 
with any information on 'bus out.' \\1hen 'service out' 
is sent in response to 'service in' during a write or con
trol operation, the rise of 'service out' indicates that 
the channel has provided the requested information on 
'bus out.' In this case, the signal must rise after the 
information is placed on the bus. 'Service out' must 
stay up until the fall of the associated 'service in' or 
'status in.' 'Service out' cannot be up concurrently with 
any other out-tag, except during an interface-discon
nect sequence (when 'address out' may be up). 

A 'service out' response to 'status in' while 'suppress 
out' is up indicates to the control unit that the opera
tion is being chained and that this status is accepted 
by the channel. See "Command Chaining." 

Service In 

'Service 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/O device wants to transmit or re
ceive a byte of information. The nature of the informa
tion associated with 'service in' depends on the 
operation and the I/O device. The channel must re
spond to 'service in' hy 'service out,' 'command out,' or, 
during an interface disconnect, by 'address out.' 

During read, read-backward, and sense operations, 
'service in' rises when information is availahle on 'bus 
in.' During \\Trite and control operations, service in' 
rises when information is required on 'bus out.' 'Serv
ice in cannot be up concurrently with any other in
bound tag line. 'Service in' must stay up until the rise 
of either 'service out,' 'command out,' or 'address out.' 

\\1hen, in the case of cyclic I/O devices, the channel 
does not respond in time to the preceding 'service in,' 
an overrun condition occurs. This condition must be 
recognized by the I/O device. In any case, 'service in' 
must not drop if an out-tag has not risen, nor may it 
rise if 'service out' has not dropped. 

An overrun condition causes both the unit-check 
status indicator and the overrun sense indicator to be 
set. Data transfer stops after an overrun condition. For 
I/O devices that may overrun, the critical signal tim
ings involved must he part of the SRL I/O device spec
ifications. 

Suppress Out 

'Suppress out' is a line from the channel to all attached 
control units and is used hoth alone and in conjunc
tion with the out-tag lines to provide the following 
special functions: suppress data, suppress status, com
mand chaining, and selective reset. Each of these 
functions will be descrihed in subsequent sections. 

Clock Out 

'Clock out' is a line from the channel to all attached 
control units and is used to provide the CPU interlock 
control necessary for changing the enable/ disable 
states of the units (signal must he down to permit 
changing states). In addition, the control unit's transi
tion between the enabled and disahled state requires 
the same prevailing conditions as for the off-line/on
line transition. (See "Off-Line/On-Line.") 

The down state of 'clock out' must be at least 1 
/Lsec in duration. 

Metering In 

'Metering in' is a line from all attached control units 
and is used to condition the CPU meter for operation. 
The 'metering in' signal originates from each I/O de
vice and/ or control unit and is generated by the 
device from the time of acceptance of a command 
until the generation of 'device end' for that command. 
'~tetering in' may he raised concurrently with 'opera
tional in' for any interface signaling sequence that 
does not involve 'device end,' such as 'test I/O' or a 
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control-unit-initiated status presentation. If raised, the 
duration of the signal must not exceed that of 'opera
tional in.' 'Metering in' may be signaled by more 
than one control unit at a time. Refer to the SRL pub
lication pertinent to each I/O device. 

':Metering in' will not be raised: 
1. Between the generation and acceptance of 'de

vice end.' 
2. Between the generation of 'device end' and the 

acceptance of the next command during chaining. 
3. While a device is awaiting initiation of an auto

matic 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 line from the channel to all at
tached control units and is used to condition all other 
meters in assignabJe units and I/O units. 'Metering out' 
is raised whenever the CPU meter is recording time. 

Reserved Lines 

Some of the 40 signal lines in the I/O interface arc re
served. (See "Interface Connector Pin Assignments.") 

All 40 signal trqnsmission lines, with the exception 
of 'select out' ('select in' if low priority), must be car
ried through the control units from the IN cable con
nector to the OUT cable connector. 

Signal Interlock Summary 
The following rules for direct-current interlocking of 
signals must be used in the design of channels and 
control units using this 110 interface: 

1. During the interface disconnect sequence, no 
more than one out-tag may be up at any given time. 
except for 'address out.' 

2. No more than one in-tag may be up at any given 
time. 
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3. An in-tag may rise only when all out-tags are 
down, except for the control-unit-busy sequence. 

4. An in-tag may fall only after the rise of a re
sponding out-tag, except for 'status in' in the control
unit-busy sequence. 

5. 'Service out' and 'command out' may rise only in 
response to the up level of an in-tag. 

6. 'Address out' for a channel-initiated selection se
quence may rise only \:vhen 'select in' and 'select out' 
are down at the channel. 

7. Once 'address out' and 'select out' have risen for a 
channel-initiated selection sequence, 'address out' must 
stay up until after the rise of 'select in' or 'operational 
in' or the fall of 'status in.' 

8. Once 'address out' has risen for the interface-dis
connect control sequence, it must not drop until 'op
erational in' drops. 

9. 1\;one of the out Jines, except 'suppress out,' have 
meaning when 'operationa1 out' is down. 

10. 'Select out' can rise only if 'operational in' and 
'select in' are down. 

11. 'Operational in' cannot fall until either: 
a. 'Select out' fa]]s and an out-tag response is sent 

for the last in-tag of any given signal sequence, 
or 

b. 'Operational out' falls, or 
c. An interface-disconnect sequence is given. 

12. 'Operational in' cannot rise unless 'operational 
out' is up and must drop if 'operational out' drops. 

Note: Designers should carefulIy consider the effects 
of interface signal transition times. Although transition 
time should not generally bt' a problem, some cases 
may exist, due to wide variation in circuit tolerance or 
physically integrated channel control units, where 
transition time must be considered. 

The general design rule is that the unit originating 
the signal (channel or control unit) must fully recog
nize internally the transition of the signal from one 
state to the other before any result of the transition 
can be retul'lwd from the receiving unit. 



Interface Sequences 

This section describes the detailed signal sequence for 
a complete I/O operation. These sequences include: 
initial selection, data transfers, and ending procedures. 
See Sequence Charts 1-3 and Flow Diagrams 1-8 in 
Appendix C. 

Initial Selection Sequence 

To initiate an I/O operation, the channel places the ad
dress of the desired I/O deYic,e on 'bus out' and raises 
'address out: Each control unit connected to the chan
nel attempts to decode the address on the bus; how
en'L only one control unit should be assigned to a 
giYen I/O address. To be acceptable, the address must 
han.' correct parity. 

The channel then issues 'select out'; and when the 
incoming 'select ouf appears at the addressed control 
unit. the control unit blocks its propagation and raises 
tlw 'operational in' line. When 'operational in' rises, 
the channel responds by dropping 'address out.' After 
'address ouf falls and the I/O cleyice address is on 'bus 
in.' 'address in' may rise. For a multiplex operation, 
'hold ouf ,,-ith 'select out' may drop any time after 
this point. :Uter the channel checks the address, it 
responds by placing the command on 'bus out' and 
signaling on the 'command out' line. The selected con
trol unit processes the command and drops 'address 
in.' \\-hich allO\\"S 'command out' to fall. After 'com
mand ouf drops. the control unit places the status in
formation on 'bus in' and raises 'status in: (Note that, 
if selection had been for a start I/O instruction, suffi
cient information is ayailable at this point to complete 
instruction execution.) 

If the channel accepts this status condition, it re
sponds \,"ith 'sen-ice out.' 'SerYice out' allows 'status in: 
to fall. completing the initial selection sequence. A 
'command ouf response from the channel also allows 
'status in' to fall. See "Stack Status." 

If during this channel-initiated selection sequence 
the I/O deYice is operating, the control unit presents 
busy status. \\'hen the control unit has, for the ad
dressed deYice, status information outstanding from a 
preyious operation or an externally initiated status con
dition. it presents the busy status (except to the alI
zero command) along with the other status conditions 
in the status byte. See "Cnit Status Conditions." 

Operational Description 

If the command is rejected by the control unit, for 
example, as a result of the detection of an invalid 
command, the control unit presents the unit-check 
status condition. 1\0 operation is initiated at the con
trol unit and no ending status is generated. 

An immediate-type command or command-imme
diate is a command whose execution meets the follow
ing requirements: 

1. Execution requires no more information than 
that in the command byte; that is, no data or informa
tion bytes arc transferred. 

2. Channel-end time coincides with initial-status 
time; and on a normal operation, at least 'channel end' 
instead of zero status will be in the initial-status byte. 

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

Control Unit Busy Sequence 

If an I/O deyice is addressed and the control unit to 
which it is attached is busy or has status pending for 
an I/O device other than the one addressed, the con
trol unit responds to 'select out' from the channel with 
'status in.' The status byte indicates the busy condi
tion. See "Busy" under "Status Byte." The control unit 
can present this status byte in either of two ways, de
pending on the design of the control unit; it can pre
sent status information as in the initial selection 
sequence or it can respond with the shorter control
unit-busy sequence. 

Note: The control-unit-busy sequence must not be 
used in response to an initial selection sequence ad
dressed to a device for which chaining has just been 
indicated. 

The control-un it-busy sequence begins ,,,hen the 
channel places the I/O device address on 'bus out' and 
raises 'address out.' 'Select out' is then raised. Each 
control unit attempts to decode the address on 'bus 
out.' \Vhen 'select out' rises at the addressed control 
unit, the control unit blocks the propagation of 'select 
out,' places the busy status byte on 'bus in' and raises 
'status in.' 'Operational in' is not raised. 

After accepting the status byte, the channel drops 
'select out.' The control unit responds hy dropping 
'status in' and disconnecting from the interface. The 
channel must keep 'address out' up until 'status in' 
drops, thus completing the control-unit-busy sequence. 
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Control-UlIlit-lnitiated Sequence 

\"hen any control unit requircs scrvice, it raises re

quest in' to the channe1. The next time 'select out' 
rises at any control unit requiring service and no I/O 

selection :tS heing attempted hy the channel ('address 
out' down), the control unit places the address of the 
1'0 device on 'bus in,' and signals both 'addrcss in' and 
'operational in.' \\Then the channel recognizes the ad
dress, 'command out' is sent to the control unit, in
(licating proceed. After 'address in' drops, the channel 
responds hy dropping 'command out.' 

If the service request is for data, the sequence pro
ceeds as descrihed for "Data Transfer." The control
unit-initiated selection for data transfer occurs in mul
tiplex mode. 

If the service request is for status information, the 
sequence proceeds as defined for the status cycle in 
the ending procedure. See "Ending Procedure." 

Data Tro'nsfer 
Data transfer may he requested hy a control unit 
after a sdection sequence. To transmit data to the 
channel, the control unit places a data hyte on 'hus in' 
and raises 'service in'; the tag and the validity of 'hus 
in' must he maintained until an outhound tag is raised 
in response. 

To request data from tht, channel, 'service in' is 
raised, and the channel places the data on 'hus out' 
and signals with 'service out.' The channel maintains 
the vaHdity of 'hus out' until 'service in' falls. After 
'service in' falls, the channel responds hy dropping 
'service ont.' 

After selection, the control unit remains connected 
to the channel for the duration of the transfer of in
formation. The information can he a single hyte of 
data, a status report, an initiation of a new command, 
a string of data hytes, or a completc operation from 
initiation to rcception of the final status report. 

The duration of the connection is under control of 
hoth the channel and the control unit. To provide a 
channel with a method of controlling the duration of 
the connection, a control unit cannot disconnect from 
the interface hefore 'select out' (hold out) falls. IIow
('HT, the control unit may preserve the logical con
nection after the channel permits the control unit to 
disconnect - 'se1cct out' (hold out) down - hy hold
ing up 'operational in.' III this manner the control unit 
can force burst mode. See "Burst ~'lode." 

Depending on the duration of the connection, one 
of two modes of operation is esthalished: multiplex or 
hurst. (These modes arc estahlished so that the pro
gram can schedule concurrent execution of multiple 
[ () operations. ) 
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If 'operational in' remains lip for long(~r than th(~ 

1lI1l1tiplexing time-ollt lilllit, selection is ill tHIrst mode. 
Se(' "Interface Time-Ollt Considerations." If t1I(' selec
tioll tim(' is less than this tinW-(Hlt limit, th(' selection 
is in mldtiplex mock. 

Multiplex Mode 

TIle Il1l1ltipkx lIlode is the normal mode for low-specd 
I '0 devices; however, a11 J /0 devices are d('signed to 
operate in hurst mode when reqnired hy the chan
nel. Channels that arc not capahlc of operating in 
multiplex mode force l)(lrst Illode hy holding lip 'select 
Ollt' (hold Ollt) nntil presentation of channel-end 
statlls conditions. TIH' transfer of one or more than 
onc data hyt<' dllring a single interface' seql1('nc{', 
wl]('re the tillle contrihntecl hy the control Ilf1it is less 
than :32 fLscc, is considered mll1tiplex mode. 

Burst Mode 

BlIrst mode is the normal TrIode of operation for high
specd r '0 devices. These devices fO)"('e hllrst mode (hy 
holding lip 'operational in') whell attached to a chan
llel eapahl(' of mllltiplex operation. \1edi1l1l1-spced or 
hllffered I '0 devices, which may normally operate 
in either mode as determined hy channel data-rate' 
capahilities, arc eqllipped with a manllal or pro
granllnahle switch to select the mode of operation. 
The switch setting is O\TITidclen when hllrst mock is 
forced hy t]l(' channel. All interfacc-disconnect (>x
('cllted hy thc channel overrides tIl{' force-hurst-modc 
condition of a control unit. See "Interfac(' Disconnect." 

SOl1le channels can tolerate an ahscnc(' of data trans
fer dllring a hurst-mode opnation, sllch as wl1<'11 
rcading a long gap on tape, for not more than approx
imatcly one-half III in 11 t<'. Equipment Illalhlllctioll may 
1)(' indicated whcn an ahsellce of data transfer ('xcceds 
this time. 

Ending Procedure and Asynchronous Status 
'I'll<' ending pro(Tdure may 1)(' initiated hy either the 
I '0 device or the channel. If the procedure is initiatc,d 
hy I he I () device, the ('lid of operatioll is cornpktcd 
in one signal seq1lence, assuming that l)oth chanIH'l
end and dcvice-end stat1ls conditions occur together. 
If the proccdllre is initiated hy the channel, the I () 

device may still require time to reach the point \\'hefe 
th propn status information is availahle, in which 
('as<' a s{'cond signal sequcncc is n(,cessary to complete 
the cnding procedure. 

Om' of three situations may ('xist at the initiation of 
the ('neling procedl1r<' (asSllllH' selcction is already 
ohtained) : 

I. The channcl recognizes the end of an operation 
hefore the I 0 device }'('aches its c1l(ling point. III this 



situation, whenever the control unit requires service 
again, the control unit raises the 'service in' line. The 
channel responds with 'command out,' indicating stop. 
The control unit drops 'service in' and proceeds to its 
normal ending point without requesting further serv
ice. vVhe~l the I/O device reaches the point where it 
normally would send 'channel end,' the control unit 
places the ending status on 'bus in' and raiscs 'status 
in.' The channel responds with 'service out,' unless it 
is necessary to stack the status condition in which case 
the channel responds with 'command out.' 

2. The channel and the I/O device recognize the 
end of an operation simultaneously. 

3. The I/O device recognizes the end of an opera
tion before the channel reaches the end of an operation. 

For situations 2 and 3, status information is avail
able at the control unit. The control unit places the 
ending status on 'bus in' and raises 'status in.' 

If 'device end' does not occur with 'channel end,' 
'device end' is presented when it is available and an 
additional status sequence is required. 

Some status conditions are unrelated to any previous 
program-initiated command. One of these conditions 
is 'attention,' which is norma]]y on console or com
munication devices. Another condition is 'device end,' 
which is generated whenever the corresponding device 
goes from the not-ready to the ready state. These 
status conditions are handled in the same way as any 
other status information and are subject to the same 
rules as far as presentation to the channel and stack
ing arc concerned. 

Addressing 
An eight-bit address byte (plus parity) is used over 
the interface for direct addressing of attached I/O 

devices. A unique eight-bit I/O device address is as
signed to each I/O device at the time a control unit 
is installed. 

Address Assignment 

At the tim(' of installation, control unit and I/O device 
addresses are assigned as follows: 

1. Devices that do not share a control unit with 
other devic('s may be assigned any device addr('ss in 
the range 0-255, provided th(' address is not recog
nized hy any otlwr control unit. Logically, such de
vices are not distinguishable from their control unit 
and hoth arc identified by the same address. 

2. Devices sharing a control unit (magnetic tape 
units and disk storage units) are assigned addresses 
within sets of contiguous numbers. The size of a set 
of contiguous numbers is equal to the maximum llum-
1)('r of devices that can share the control unit, or 16, 
whichever is smaUer. Furthermore, the set of addresses 

starts with an address in which the number of Iow
order zeros is at least equal to the numbcr of bit posi
tions required to specify the si.ze of the set. The high
order bit positions of an address within a set identify 
the control unit; the low-order bit positions designate 
the device on the control unit. 

3. Control units designed to accommodate more 
than 16 devices may be assigned nonsequential sets of 
addresses. Each set consists of 16 addresses, or the 
number required to makc the total number of assigned 
addresses equal to the maximum number of devices 
attachable to the control unit, whichever is smaller. 
The addressing facilities are added in increments of a 
set so that the number of device addresses assigned 
to a control unit does not exceed the number of d('
vices attached by more than 1.3. For example, if a com
munication-type control unit has a designed capacity 
of 56 direct-access paths and if only 40 I/O devices 
are to be installed at the time of installation, 48 I/O 

device address('s can be assigned. However, if the full 
capacity of 56 r/o devices is to be installed, exactly 
.56 addresses will he assigned. 

Input/output devices accessible through more than 
one channel in the same system have a distinct ad
dress for each path of communications. For sets of 
devices connected to two or more control units, the 
portion of the address identifying the de\'ice on the 
control unit is fix('d, and dOl'S not depend on the path 
of communications. 

Except for the rul('s ckscrihecL the assignment of 
channel and deYic(' addresses is arbitrary. The assign
ment is made at the time of installation and the ad
dresses normally remain fixed thereafter. 

Address Decoding 

Control units must recognize an I/O device address 
that meC'ts the fo]]O\\"ing conditions: 

1. The address has correct parity. 
2. The address is assigned to the control unit. 
The control unit does not respond to any address 

outside its assigned set or sc'ts. For example, if a con
trol unit is designed to control devices that have only 
bits 0000-1001 in the 10\v-order position of the device 
addr('ss, the control unit does not recognize addresses 
that han' 1010-1111 in these hit positions. 

If no control unit responds to an address ('select 
out' is propagated through all control units, and hack 
to the channel Oil \e1('ct in'). the device appears as 
not operational. :'\ot operational may include (in ad
dition to addresses outside an assigned set): 

]. An I/O device address not installed. 
2. An r/o dc\-ice addrcss partitioned out of the sys

tem by the program, operator. or cllstomer engincer 
(off-line, disahkcL dC.). 
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The control unit must respond to those addresses in 
the set which is: 

1. Ready. 
2. Not ready but which can be made ready by 

means of an ordinary manual intervention. A not
ready device is indicated hy the unit-check status and 
intervention-required sense indicator. 

The control unit may respond to all addresses in the 
assigned set, regardless of whether the device asso
ciated with the address is installed. If a control unit 
responds to an address for which no device is installed, 
the unit·check status indicator must he turned on (as 
well as the appropriate sense indicator( s). 

The portion of the address decoder which identifies 
the control unit (item 2 under "Address Assign
ment") can be set at the time of installation for anv 
bit comhination. .' 

Sil~gl~'-device-address control units must decode a11 
eight bits of the address byte and the decoder can be 
set to any bit combination at the time of instal1ation. 
See item 1 under "Address Assignment." 

Commands 

\Vhen 'command out' is up, the information on 'bus 
out' is the command byte. A channel issues 'command 
out' to initiate, continue, or terminate an operation in 
an I/O device. 

Command Byte 

The command hyte requires decoding hy the control 
unit only during a channel-initiated selection sequence 
(when the channel addresses the I/O device). At all 
other times, the byte is zero (parity is immaterial). 
The low··order hit positions indicate the type of opera
tion; the high-order bit positions indicate a modifica
tion code which expands the basic operation at the 
control unit or I/O device level. 

The actual modifier codes and the particular modes 
set or the controls performed for them must be spec
ified in the SHL puhlication for each control unit and/ 
or 1/0 device. 

The command hyte on the interface is defined as 
follows: 

BIT pos ITIOK 

P () 1 2 :3 4 ,5 6 7 
Test I!O~ 1 0 () () () () () 0 0 
Sense P :\1 ~1 :\1 :\1 () 1 () 0 
Head Backward P :\1 :\1 :\1 :\1 1 1 0 0 
Write P :\1 :\1 :\1 ~1 M !-.f 0 1 
Head P !\I !-.1 :\1 :\1 :\1 1'.1 1 () 

Control P :\1 !-.1 :\1 :\1 !-.1 1'.1 1 1 
\f :\1()(lificr hit 
P Parity hit 

'" Althollgh test I/O may he a CPU instruction, it appears OVN 

thl' interface as a command. All refcrenccs to test I/O in this 
manual arc treated as a command. 

'Sense,' 'read,' and 'control' commands with all-zero 
modifier bits are decoded on all I/O devices as follows: 

BIT POSITION 

p 0 1 2 3 4 5 6 7 
Basic Sense 0 0 0 0 0 0 1 0 0 
Basic Read~ 0 0 0 0 0 0 0 1 0 
No-Operation Control 1 0 0 0 0 0 0 1 1 
~Used for initial program load operations in addition to basic 
read operations. 

Basic Operations 

The 1/0 operation to be executed over the interface 
is determined by the eight-bit coded command issued 
to the I/O device during a channel-initiated-selection 
sequence. 

The low-order hit positions of this command byte 
specify the type of operation. (See command byte 
format.) The high-order bit positions (modifier code) 
expand the interpretation of the hasic operation at the 
control unit or I/O device level. 

Notc: The basic operations arc expressed hy the 
commands: 'reac1,' 'read backward,' 'write,' 'control,' 
'sense,' and 'test 1/0.' This manual treats 'test I/O' as a 
command on the I/O interface, although it may orig
inate as either a CPU instruction or a channel-initiated 
sequence for the purpose of clearing or stacking in
terruption conditions. 

A command with invalid parity is not recognizable 
and therefore not executahle. 

Note: Special diagnostic commands which hy intent 
permit errors to occur on the interface or introduce 
the possihility that suhsequent commands may he ex
ecuted erroneously, lllllst he interlocked in such a 
fashion as to prevent inadvertent us(' of them. 

Read 

The 'read' commapd initiates execution of data trans
fer from the control unit to the channel and the data 
is ohtained, for example, from the record source of the 
particular I/O device in operation. 

A 'read' command, with a11 modifiers set to zero, is a 
hasic 'read' command that is also llsed as an initial
program-loading (IPL) 'read' command. This com
mand, if executed on an I/O device after a system 
reset, performs the initial-program-loading read as 
specified for that particular 1/0 device as state'd in tIl(' 
appropriate SRI., puhlication. 

Read Backward 

The 'read backward' command initiates an operation in 
the same manner as the 'read' command, except that 
the data bytes are transferred to main storage by the 
channel in reverse order to that for 'read' command. 
The control unit may he designed to cause mechanical 
motion in the I/O device in the opposite direction to 



that for a 'read' command or may be designed to €)p

erate in the cleyice precisely as \\"ith a 'read' command, 
l'n1ess other\\'ise noted, any description that refers 

to 'read' also applies to 'read backward,' 

Write 

The sequence of signals oycr the I/O interface to per
form a \\Tite operation is the same as for a read op
eration. For a \\Tite operation, hO\\'(,\'(,1'. the data is 
sent from the channel to the control unit for opera
tions sHch as recording or comparing by the selected 
I a deyice. 

Control 

The control operation proceeds similarly as in a \\Titt' 
operation. except that the command modifier bits re
cl'iH,d by the control unit are decoded to determine 
\\'hich of seH'I'al possible fUllctions is to be performed. 
The function may be second-h"ye1 addressing \\"hich 
ma~' require sen'ral bytes of data to complete the con
trol operation. \\'l1<:n the particular control function 
can be completed \\'ithout im'oh'ing the transfer of 
data. the channel-end status may he presented during 
the initial selection sequence. 

The timing in the control unit for the bytes trans
ferred during a control operation is normally such that 
the byte rate for this operation is no faster than the 
normal read or \\Tite rate for the same 1/0 deyicc. In
put/output deYices may he excepted from this restric
tion as determined on an indiyidual basis, as specified 
in the SRL publications. 

:\, 'control' command \\'ith all-zero modifiers per
forms no operation at the I/O deyice, except to satisfy 
any pre\'iously indicated chaining operations and to 
aIlo\\' certain I/O deyices to \\"ait for conditions of 
checking (or any synchronizing indications) before 
releasing the channel. This yariation of the 'control' 
command is a 'no-operation control.' 

Sense 

The 'sense' command proceeds exactly as a 'read' com
mand. except that the data is obtained from sensc in
dicators rather than from a record sourc·e. 

The purpose of the 'sense' command is to extract 
information that concerns unusual conditions detected 
during the last operation and the actual state of the 
deyice. 

The basic sense command (modifier bits set to zero ) 
initiates a sense oppration on all I/O devices. The hasic 
sense command must not initiate any operation other 
than to sense the sense indicators. The hasic sense 
command to an H\'ailahle control unit must he ac
ccpted C\Tn though the addressed ]/0 deYlcc is in a 
not-rcady state (mechanically unahle to execute other 
opnations). S('C' "Se])s(' Information." If the control 

unit detects an ('ITOr during the sense operation, 'unit 
check' is sent with the chanllel-end status condition. 

The 1/0 devices that can provide special diagnostic 
sense information or can 1)(' instructed to perform 
other special functions hy means of 'sense' may define 
modifier hits for tIll' control of the function, The spe
cial sense operation may 1)(' initiated hy uniquc com
hinations of modifier hits or a group of codes may 
specify the sense function. :\ny remaining s('nse com
malld cocks may he considcH'cl invalid or may caust' 
the same action as the basic sens(' command, depend
ing on the particular 1/0 device, 

Test I/O 

The 'test I/O' command relien's the addressed r/o de
vice path of pending status information. If no lwnding 
status information is encountered along the I/O path 
being tested. a zero status byte for the selected I/O 

device is sent to the channel for processing. If status 
information is a\'ailab]e, pending status hits for the 
selected I/O device are transmitted to the channel. 

:\ote that thc husy condition is defincd differently 
with respect to 'test 1/0' than for other commands. Sec 
"Busy." 

The signa] sequt'lH.'(' to accomplish 'test 1/0' is the 
same as any othn challnel-initiated-selcction process, 
exccpt that no operation is initiated. 

Sequence Controls 
The sequence controls descrihed in this scction are 
determined hy the scqUCl1('(' of the signals over tlw 
interface. 

Proceed 

\\'h('n('vcr 'command emf l'('sponds to 'address in' at 
any time other than during a chamwl-initiated-sckC'
tion sequcnce, it means proc('cd. 

Proceed indicates to tIl{' r/o d(:'\'kc to continuc the 
normal ser\'icing SCqlH'IH..·CS on the interface. 

Stop 

Stop is indkated by 'command out' in response to 
service in' or as a result of an interface disconnect, 
which occurs hefore the normal 'chann('l end' for the 
operation in process. Sec "Interface Disconnect." 

Stop is used to signal the I/O device that the channel 
is ending the current operation. On rcc('ipt of tl1l' 
'stop' signal. the I/O dC\'icc must procecd to its normal 
ending point without scnding any fnrthn 'service in' 
signals to the channel. The I/O devic(' remains husy 
until the ending status is a\'ailablp, presented to, and 
acccpted hy the channel. 
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During data operations, 'command ()lIt' is trallS
mitted in response to the first 'service in' that is pro
vided after tIw designat<'d operation is complete. (If 
'select out' is down or goes down aft(T this sequence, 
'opprational in' must drop on fon:e-hurst-mode type 
opnations on L '0 devices that cannot meet the time
out requirements as indicated in "Interface Time-Out 
Considerations." Also, hurst-mode I/O devices that 
have relatively long times hetween stop and ending 
status and have no tillll'-dependent chaining require
ments must drop 'opcrational in' at this time. See ap
propriate SIlL puhlication. 

Stack Stat'us 

'Stack status' is indicated by a 'command out' response 
to 'status in.' 

The 'stack statlls' signal callses retention of statlls 
information at the control lInit or 1,0 deviee IIntil that 
status is accepted OJI a suhs('qllent status cycle with a 
'service out.' \ Vhen 'stack status' occurs, the control 
unit disconnects from the interface after 'select Ollt' is 
down. 'Command out' n'mains lip until 'operational in' 
falls. An attempt hy the control IInit to initiate a selec
tion sequence to present tIl(' status again is umkr con
trol of 'suppress out.' See "Suppn'ss Statlls." 'Command 
(mt' is not signaled to a zero-statlls hyte that has heen 
provided in response to a command other than 'test 
I 0.' 

Not£': Bather than delay completion of an intnface 
sequence, the chal111<'l will either stack or accept 
status. 

Suppress Data 

Operations whose ratt' of data transfer can he ad
justed without oH'ITllllning (completply huffered I '0 

devices, start-stop dpv1ces, and the transfer of data for 
tlw hasic sense command may fan in this cah'gory) 
are suhject to suppression of data hy 'sllppn'ss out' as 
follows: 

1. 'Suppress out' is ignored for the first data hyte 
of any selection sequence, unless the data transfpr is 
contiguous with initial selection; that is, no deselec
tion and reseIPctioll hetween initial selection and data 
transfer. 

2. 'Suppre:;s out' IllUSt be up either 2.50 nanoseconds 
hefore the rise of 'service out' or at least 2.50 nano
seconds hefore 'service out' falls to ensure suppression 
of suhsequent data. 

3. \"h(:,l1 'suppress out' is up at the control unit and 
tIl<.' operation is in hurst mode (whether hecause 'se
lect out' is up or hecausp the control unit is forcing 
hurst mode), the control nnit must not raise 'service 
in' for suhsequent suppressible data. 

\H 

Accept Data 

Haising 'service out' in response to 'service in' during a 
read, read hackward, or sense operation indicate's that 
the information placed on 'hus in' has been accepted 
hy tlw channel. 

Data Ready 

Haising 'scrvice OIlt' ill response to 's('r\'ic(~ in' dllring 
a writ<' or control operation indicates that the r<~

qll('st('(l information has hecn placed on 'hilS out' and 
is ready for acceptanc(' hy the control unit. 

Suppress Status 

\V11<'))('v(')" the cliatll(('l is Imahle to handl(' immediate
ly int(']Tllptioll-callsing statlls conditions, 'sllppress Ollt' 
Illay he raised. \Vith this line lip, the control lI11it II1USt 
not attempt to initiate a s('l('dion S('qIIC'IIC(, to present 
sllppressihl(,-type stab IS information. Statlls is SIIP
pressihle if 'stack statlls' is receiv(,d. Statlls that con
tains 'channel end' is not suppressihle until stacked, 
('"ccpt when 'intnfac(' dis('OlllHTt' is r('cci\'('d for that 
addn'ss. Statlls that cOlltains 'd(~vic(' ('lid' is 1I0t SIlP
pressihle, when chainillg has 1)('('11 illdi('ated, IIntil it 
is stacked. Other as),lIchrollolls stat liS may 1)(~ SIIPprc~SS
ihl(' at the option of tIl(' particular ('ontrol II Iii I \\'ith
OIlt heing stacked. 

'Suppress Ollt' 1111 lsI }H' II P al l('ast 2;)0 lIanos('conds 
hdore 'spIed Ollt' rises at Ill(' control Illtit if SIlPPrc'S
SiOll of statlls is to h(' illsllr('d. 'SlIppress Oil!' SllPPrc'sscs 
only tIl{' illitiation of tlle' s('Jc.ction of the inlc'rfacp hy 
tIte control nnit. If 'sIlPPrc'SS Ollt' rises aft(T a statlls S('

qllC'nc(' has heen startc,d, tll(' statlls seqnence' will 
procecd norma]]y. 

The relationship hetweeJl 'request in' and 'sllppress 
Ollt' has heen descrihed in "Heqll('st In.'' 

Accept Status 

Haising 'service 0111' ill respollse' to 'status in' indicates 
that the statlls placcd OIl 'hilS in' has 1)('ell a('{:<'l>tcd hy' 
the ('hannel. 

Command Chaining 

'Command chaining' is indicated if \uppress out' is 
up when 's('rvice Ollt' is nlis('d i1l response' to "statlls ill.' 
'CollllllaJl(l chailling' means that another cOlllllland for 
the I 0 ch'vic(' ill operatioll wi11 ill1l11eclial<'ly foll()\\ 
the preselltation of 'devi('(' ('lid,' provid('cl 110 IIll1lsllal 
('onditions W{'J"(' ('Il{'OIlIlt(']"('d dllring ('''('Clltioll of til<' 
current operation. The exact time at which the next 
('Olllllland is pn's('nf<'d dqwnds 011 tlw challlle1. 

\\'he1l command chaining is indicated at the tillw 
'devic(' ('nd' is pr('s('lIt('d, this indi('at iOIl ",ill 1)(' \'aliel 
lIntil ]"('sel('dioll is lIladc or IllItil 'sllppn'ss Ollt' falls 



(nllllll11UI11 dO\\"n-1<."H"l to ensun' break - 250 nano
seconds). Resekction of an~' I/O de\"ice attached to 
the control unit \\"i1l reset the chained-command con
dition in the control unit. Stahls conditions such C;lS 
'unit check: 'unit exception: 'control unit end: or 'at
tention' ,,-ill terminate command chaining in the 
channel, 

_\ llmltide\-ice control llnit which is to operate on 
more than one su bchannd must not: 

1. Beset the chained-command condition on an ad
dress other than the one l)('ing sekctcd. 

:2. Present 'control unit ('11(1' \"ith a chaining dcvice 
address. 

Depending on the particular I/O deYice. the opera
tion. and the configuration, the command-chaining in
dication requiH's certain functional control ,,-hich de
pends on the indiyidual control unit. 

If chaining is indicated ,,-hen 'channel end' is pre
sented ('de\'ice end' not generated) from a control 
Ilnit shared by t\\'o or 1110re dedces. the I/O deYicc 
that prcsents 'cha111wl end' must he the next one to 
pn:'sent dcyice-pnd status, unless the control unit is 
addressed in the nwantime on the same interface. 

If chaining is indicated when 'de\'ice end' is pre
sented. tlw control unit must ensurp that the path 
to the de\'ice rel11ains ayailabk until the chaining op
eration is initiated or until chaining is no longer 
indicated. 

If chaining is indicated on an I/O de\-ice shared be
tween more than one control unit or channel, the 10 

cle\-ic(' must remain a\'ailable until the chaining opera
tion is initiated or until chaining is no longl'l' indicated. 

To ensurc rccognition of 'command chaining' by the 
control unit. 'suppress out' must be up at least 250 
nanoseconds before 'sl'rdcl' out' rises in 1'('sponsl' to 
'status in' and must not fa]] before 'status in.' If com
mand chaining is not to 1)(' indicated, 'suppress out' 
must be do,,"n at least 2.50 nanoseconds before the rise 
of 'serYicl' out' and must not rise hefore the fall of 
'status in.' 

Interface Disconnect 

The control unit ,,·m recognizl' 'intcrface disconnect' 
,,-l1('n 'address out' is up and 'select out' (hold out) is 
dm\-n at least 250 nanoseconds bcfore the completion 
of any signal sequence. In this case, 'address out' may 
11(' up concurrently \\-ith another out tag. 

\,"hen 'operational in' drops, the channel may drop 
'address out' to complete the interface-disconnect sc
quence_ '.\ddress out' must he dmYll for at least 2.50 
nanoseconds before a n<:',," channel-inItiated-selection 
scquence may he attempted. 

The control unit responds to the 'interface discon
nect' by remo\'ing all signals ("-ith the possible ex-

ception of 'request in' and 'metering in') from the 
interface. On an input operation, data on 'hus in' need 
not be valid after the rise of 'address out.' On an out
put operation, data on 'bus (mf must bl' valid until the 
fall of either 'service in' or 'operational in: \Vhen the 
control unit reaches the normal ending point, it at
tempts to obtain selcction on the interface to present 
any generated status to the channel. 

Any abnotmal device operation should be indicated 
hy 'unit check' in thl' status, and the sense information 
should provide additional details concerning the op
{Tation. See "tTnit Check." The control unit ",ill not 
gCllnate any status as a result of the 'interfac(' discon
nect' if the interftH.'l'-disc:onnect s('<l11('nce is performed 
hdorl' initial status is accepted, or after dcdce-end 
status for an operation that has hc('n accepted hy the 
channeL 

Tlw 1/0 device path will remain hl1sy aftl'r it re
c:l'iH'S an 'interfacc clisCOlllH'ct: ",hill' performing an 
operation, until the deYicl'-end status is accl'ptcd hy 
the channe1. If 'intnfac(' disconncct' is n'c('ivco when 
the I/O dcvic{' is not busy, no status is gcm'rated nor is 
the I/O device made husy. 

Note: If 'address out' is 11p concurrently with an
otlwr out tag, the information on 'hus ant' must remain 
\-a11d until the associated in tag drops or until 'opera
tional in' drops. 

Selective Reset 

'SelectiH' reset' is indicatcd ",ht'lWV('r 'snppr('ss ont' 
is up and 'operational out' drops. This condition causes 
'operational in' to fall, and the particular I/O device in 
operation and its status to he reset. The operation in 
process will prO<.'l'cd to a normal stopping point, if 
applicahle, with no further data transfer. The r/o de
dc(' operating over thl' interface is the only devic(' 
that is H'set, ('v('n on l11ultidc\'jc(' control units. The 
particular r/o device path will 1)(' in a busy state 
throughout this procedure. 

'Dcvic(' cHd' may hc returncd aftcr the resd. To he 
effectivp. 'suppress (mt' must rise at least 250 nano
seconds hefore 'operational out' drops and must re
main lip until at least 250 nanoseconds after 'opera
tional out' rises. 'Operational out' must stay down 
until 'operational in' falls or for at least 6 microsec
onds, whichever is greater, for the selective reset to 
be effective. The ready or not-ready state of the con
trol unit is not changed by a selective reset. 

'Selective rl'set' is issucd only as a result of a mal
function detl'ctcd at the chann('l or a timc-out hy the 
channel. 

The interpretation of the 'selecti\'(' reset' must 1w 
{h'fined in the sm. puhlication for the 1/0 device. 

Operational Description I H 



System Reset 

'System reset' is indicated whenever 'operational out' 
and 'suppress out' arc down concurrently, and the I/O 

device is in the on-line mode. This condition causes 
'operational in' to fa]], and 4111 control units and their 
atta\.hnl I '0 devices, along with their status, to be 
reset. TIl(' control units will be in a busy state for the 
duration of their reset procedure. 'System reset' pre
pares an I/O device for an initial-program-Ioading se
quence. 

'System reset' is performed when the system reset 
key is pressed, when the power for the system is 
turned on, when the channel is off-line to the I 10 inter
face, and as a part of the initial-program-Ioading pro
cedure. The ready or not-ready state of the control 
unit is not changed hy a system reset. 

To ensure a proper reset, 'operational out' and 'sup
press out' must he clown conclllTcntly for at least 6 
Illicroseconds. 

The interruption of the 'system reset' must be de
fillcd ill thc SRI. puhlication for the 10 device. 

Status Information 

\Vhen 'status in' is up, the information that appe>ars 
on 'hus in' is the status hyte. The conditions reported 
in the status hyte are the status conditions. 

The status pertains to the device or implied control 
unit whos(' address appeared on 'bus in' (with 'ad
dress in') during the polling or selection portion of the 
sequence. In the> case of the control-unit-husy se
quence when no 'address in' occurs, it is assumed that 
the status pertains to the addressed device or implied 
control unit. 

Note: The information in this manual pertains to 
control units attached to on II' one channel interface, 
unless otherwise stated. 

Status B),te 

TIl(' stat us hyte has the following format: 

BIT 

POSITIO:'\ 

p 
o 
1 
2 
.'3 
4 
.!) 

() 

DESI(;:'\ATIO:'\ 

Parity 
Attention 
Status ~[()clifier 
Control (Tnit End 
Bus\' 
Ch,;nncl End 
Device End 
Cnit Check 

7 ('nit Exception 

Th(, statlls hyte is transmitted to the channel in six 
situations: 

I. During the initial-selectioll se(lU('llce. 
2. To present the channel-end status at the termina

tion of data transfer. 
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3. To present the device-end signal and any asso
ciated conditions to the channel. The I/O device re
mains 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 then interrogated, is now free. 

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

6. To present any externally initiated status to the 
channel ('attention' and 'device end' becau5e of not
ready-to-ready transition). 

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/O device or control unit and are indicated to the 
channel over the I/O interface. The timing and causes 
of these conditions for each type of device are speci
fied in the SHL publication for the I/O device. 

'''hen the device is accessible from more than one 
channel, status because of channel-initiated operations 
is signaled to the channel that initiated the associated 
I/O operation. The handling of conditions not asso
ciated with I/O operations, such as 'attention' or 'de
vice end' because of transition from the not-ready to 
the ready state, depends on the type of device and 
condition. and must be specified in the SRL publica
tion for the I/O device. 

Note: Control units must provide interlocks in their 
design so that status is not lost, hidden, or included 
with other status when the result would cause the 
program to misinterpret tlw original meaning and in
tent of the status. 

Attention 

'Attention' is generated when some asynchronous con
dition occurs in the I/O device. 'Attention' is not asso
ciated with the initiation, execution. or termination of 
any r/o operation. 

The attention condition cannot be indicated to the 
channel whilc an operation is in progress at the I/O 

devicc or control unit. Otherwise, the handling and 
presentation of the condition to the channel depends 
on the type of I/O clevice. A.n I/O device shared be
tween more than one channel path must present the 
attention status to a]] channel paths as defined in the 
indh'idual SHL de\'ice puhlication. Presentation of 'at
tention' causes commalld chaining to he suppressed. 
Attention can occur with 'device end.' Depending on 
the I/O device application. 'attention' mayor may not 
he prescnted until command chaining is no longer in
clieated. 



Status Modifier 

'Status modifier' is used hy control units in three sitll
ations: 

1. Control nnits that cannot provide CIl1T{'nt status 
in response to 'test I/O' present the status-modi/lcr 
hit alone during the initial-sckdion procedure. 

2,. Busy control units prcsent the status-modifier hit 
with the husy bit during the initial-se1cction procc
dure to differentiate a busy control unit from a husy 
device. 

3, Control units designed to recognize special end
ing conditions ('search equal' on a disk) present the 
status-modifier hit with 'device end' wlH'lI the special 
condition occurs. 

In the first case, provision is made for certain types 
of control units that arc not capahle of providing cur
rent status on a demand basis as required hy 'test 
I/O.' Presentation of the status-modifier bit in respollse 
to 'test 1/0' indicates that the control unit cannot ex
ecute the command, and allY existing status rcmains 
unchanged and unavailable to a 'test I/O.' This tyP{' 
of control unit provides status o1lly on a control-unit
initiated se1cction 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 1/0 device. This con
dition occurs v.dwJ) the control unit is required to 
perform a function that does not involve the 1/0 in
terface (backspace file on magnetic tape). Tlw con
dition may also occur when the control unit has status 
pending for an I/O device other than the one ad
dressed. 

In tIl(' third case, provision is made for control units 
designed to recognize special endillg or synchronizing 
conditions. If the special condition occurs, the status
modifier bit with the devicc-end hit is presented dur
ing the device-end status cyck. Pn'seJlc(' of 'status 
modife),' and 'device pnd' indicatcs that the normal 
sequence of commands must IH:' modified. 

Control Unit End 

The control-unit-end condition is provided only hy 
channel-shared control units or control units shared by 
I/O devices, and only when onp or both of the fol1ow
ing conditions occurs: 

1. The control unit was interrogated while it was ill 
the husy state. Interrogated in the busy state means 
that a previous challlwl-initiated-selcction sequence 
was issued to a dcvicc on the control unit aJld the con
trol unit rpspondcd with 'husy' and 'status modifier' in 
thp llnit status byte. Sec "Status Modifier." 

2. The control unit detpcted an unusual ('oJldition 
whilp busy, but after 'channel end' was ucceptpd by 

the chanJlel. Indicatioll of til(' 11Il11~llal conditioll ac
companies 'control Ilnit ('nd,' 

If the control Illlit r{'main~ hll~Y ('x('Clltill~ all opera
tion after signaling 'channel ('IHI,' hilt is 1I0t illtnrD
gated and docs not det{'d an Ilnllsllal cOlldition, 'COll
trol unit cnd' is not g(·rwrakcl. 

\Vhen the hllsy stat{~ of tIl(' control IInit is t('rn
porary, 'control unit ('Ild' can l){' incllld(,d with 'bll.'iY' 
and 'status modifier' in respoJlse to illtnrogatiort, ('\,('11 

though the control unit is not free. T11(, hllsy conditioll 
may he considered temporary if its dllratioll is I<-s~ 

than approximately 2 milliseconcls. 
The I/O device address associat('(1 with 'c'ontrol IInit 

encl' is determined as fol1ows: 
l. The address of tIl{' sel('('ted de\'i('(' is IIs(,d if 'COIl

trol unit end' is to he presented witll 'cham \(,1 ('lid' 
and/or 'device end.' 

2. If 'control unit end' is ~{'Il('rated without 'cllan
n('] end' or 'device ('nd' and the status is P1TS('llled 
dllring a control-llnit-initiated selection seqll('I1C.'(', th(' 
I/O device address to lw used whell pr{'senting thi~ 

status is al10wed to he any legitimate address associ
ated with the controlllnit. (A legitilllatc' adc1r<'ss is any 
address the control unit is capahle of recognizing, 1'('

gardless of whethn or not the I/O dcvic(' is act\lally 
attached. ) 

,'3. If 'control unit encl' is to lw presented dllring a 
channel-initiated splection seqlJ('Jll'(', tIl(' I/O c1('\'ic(' 
address will he the same as the address issucd ,,'itl! 
'address out.' This channc1-initiated-s('1cction S('({It<TIC'(' 
may he either a normal ful1-kngth selection seql1ence 
or the contro]-unit-husy sequcnce. 

The control-unit-end condition can he signal('c1 with 
'channel end: 'device end: or between the two. \\'hC'1I 
'control unit end' is signaled by an r/o interruption ill 
the absence of any other status conditions, the inter
ruption may he identified hy an~' address assigned 
to the control unit. A pending 'control unit end' caus{'s 
the control unit to appear not availahle for initiatioll 
of new operations. 'Control unit end' causes command 
chaining to 1)(' suppressed. 

Busy 

'Busy' can occur only during a challlwl-initiated-s{'le{'
lion sequence and indicates that the I/O device or 
control unit cannot ('x{'cut(' the command hecallse a 
previously initiated operation is heing executed or 
because status conditions exist (or in the case of 
switched control units. I)('c<lllse the path is unavail
able). An operation is being ex('<.'utcc1 from the time 
initial status is acceptt'cl until 'devicc encl' is accepted. 
Status conditions for the addrcssed I/O device, if any. 
accompany the busy indication. 
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If the husy condition applies to a control-unit func
tion, 'husy' is accompanied hy 'status modifier.' 

'Busy' is indicakd to 'test I/O' only if a previously 
initiat<"cl operation is still heing executed and no end 
status is ayailahle. 

The busy condition causes command chaining to 
he suppressed. 

Channel End 
'Channel end' is caused by the completion of the 
portion of an I/O operation involving transfer, if any, 
of data or control information hetween the I/O device 
and the channel. 

Each I/O operation caus<.'s only on<.' channel-end 
signal to 1)(' generated. The channel-end condition is 
not gl'lwrated unless the command is accepted (status 
hyte contains either all zeros or 'channel end' and not 
husy). TIl<.' exact time during an I/O op<.'ration when 
'channl'l elld' is generated depends on the operation 
and the type of dl'yice. For operations such as writing, 
some I/O devices generate the channel-end condition 
",he]} thc h10ck has he en writtl'n. On other I/O de
yices that later Ycrify thc writing, 'channel end' may 
or may not he delaycd until Yerification is performed, 
depending on t1l<.' I/O dcyice. On deyices such as those 
cquippcd ",ith huffers, thc channel-end condition 
occurs on cornp1etion of data transfer hetwccn tlw 
(·hannl'l and the huffer. During control operations, 
'channel end' is usually generated after the control in
formation is transferred to the control unit; although 
for short operations, the 'chamwl end' may he delayed 
until completion of the opnation. Operations that do 
not cause data to he transferred can provide the 
channel-end condition during the initial-sl'll'ction se
quence. 

Device I:nd 

'Dl'vice l'nd' is caused hy the completion of an I/O 

operation at the I/O dl'vice or, on some devices, hy 
manually changing the device from the not-ready to 
the ready state. The devicc-end condition normally 
indicates that the I/O device has completed thc cnr
rent operation. 

Each I/O operation causes only one device-pnd con
clition. The deyice-end condition is not generated un
less the command is accepted. 

TIl<.' ck"ice-l'nd condition associatl'd with an r/o 
operation is generated either simultaneously with the 
chamwl-(lnd condition or later. In the case of data
transfer operations on somc devices, thl' device ter
minates the operation at tlU' time 'channel end' is 
gencrat<l'(1. and hoth 'd<.>vic<.> pnd' and 'channel end' 
occur togeth<.>r. On huff<'>l"ed J/o devices, the device
end conditioll may OCCllr on completion of the me-
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chanical operation. For control operations, 'device end' 
is generated at the completion of the operation at the 
device. The operation may be completed at the time 
'channel end' is generated or later. 

\Vhen command chaining occurs, only the 'device 
end' of the last operation of the chain is normally 
made available to the program. When the device-end 
signal is received in the absence of any unusual con
ditions, it causes the channel to initiate a new I/O 

operation. If an unusual condition is detected during 
the initiation of a chained command, the chain is 
terminated without 'device end.' 

An I/O device shared between more than one chan
nel path and which has a 'device end' generated be
cause of the device going from a not-ready to a ready 
state must present a 'device end' to al1 attached chan
nels as defined in the individual SRL publication for 
the I/O device. 

If a device is addressed while in a busy state, a 
'device end' must be signaled to the path that initiates 
the command when the I/O device becomes not busy. 

Note: "I\:ot ready" means that an I/O device requires 
operator intervention to become operational. The not
ready condition can occur, for example, because of any 
of the fo]]owing actions: 

1. An unloaded condition on magnetic tape. 
2. Card equipment out of cards or ,stacker full. 
3. Printer out of paper. 
4. Error conditions which need operator interven

tion. 

Unit Check 

'lTnit check' indicates that the I/O device or control 
nnit has detected an nnusual condition that is detailed 
hy th<.> information available to a sense command. 
'Unit clwck' may indicate that a programming or an 
equipment errOl" has been detected, that the not-ready 
state of the device has affected the execution of the 
command or instruction, or that an exceptional concli
tion other than the_ one identified by 'unit exception' 
has occlllTed. Thl' nnit-check hit provides a summary 
indication of the conditiolls idl'ntified by sense data. 

An error condition causes the unit-check indication 
only when it occurs dl1ring execution of a command 
or during some activity associated with an I/O opera
tiOll. Unless the error condition lwrtains to the activity 
initiated by a command and is of significance to the 
program, the condition dops not canse the program 
to he a lnted after 'device end' has hl'en cleared; a 
malfunction may, howev('r, cause the dl'vice to be
conw not ready. 

'l J nit ("heck' is indicated when the pxistence of t}w 
not-ready stat<' precludes a satisfactory execution of 
the command, or when the command, hy its nature, 



tests the state of the device. When no interruption 
condition is pending for the addressed device at the 
control unit, the control unit signals 'unit check' when 
'test 1/ 0' or the 'no-operation control' command is 
issued to a not-ready d.evice. In the case of no opera
tion, the command is rejected and 'channel end' and. 
'device end' do not accompany 'unit check' 

Unless the command is designed to cause 'unit 
check,' such as rewind and unload on magnetic tape, 
'unit check' is not indicated if the command is proper
ly executed even though the device has become not 
ready during, or as a result of, the operation. Similarly, 
'unit check' is not indicated if the command can be 
executed with the device not ready. A console could, 
for example, accept and execute the alarm-control 
command when the printer is not ready. Selection of 
a device in the not-ready state does not cause a unit
check indication when the sense command is issued, 
and whenever an interruption condition is pending 
for the addressed device at the control unit. 

If, during the initiation sequence, the device de
tects that the command cannot be executed, 'unit 
check' is presented to the channel and it appears with
out '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 condi
tion that precludes proper execution of the operation 
occurs after execution has been started, 'tmit 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 'at
tention' or 'unit check' with 'control unit end: 

\Vhen 'unit check' appears with 'channel end' and 
without 'device end,' a shared control unit must pre
serve the sense data and an available device path 
until after the 'device end' is accepted. 

Errors, such as invalid command code or invalid 
command code parity, do not cause 'unit check' when 
the device is working or contains a pending interrup
tion condition at the time of selection. LT nder these 
circumstances, the device responds by providing the 
busy bit and indicating the pending interruption con
dition, if any. The command code validity is not incli
cated. 

Termination of an operation with the unit-check 
indication causes command chaining to be suppressed. 

Programming Note 

If a device becomes not ready on completion of a 
command, the ending interruption condition can he 
cleared hy 'test I/O' without generation of 'tmit check' 
hecause of the not-ready state. Any subsequent 'test 
I/O' issued to the device causes a unit-check indication. 

Unit Exception 

'Unit exception' means that the I/O device detected 
an unusual condition such as end of file. 'Unit excep
tion' has only one meaning for any particular com
mand and type of I/O device. A sense operation is not 
required as a response to the acceptance of a unit
exception condition. 

A unit-exception condition can be generated only 
when the I/O device is executing an I/O operation, or 
when the device is involved with some activity asso
ciated with an I/O operation and the condition is of 
immediate significance. If a device detects a unit-ex
ception condition during the initial-selection sequence, 
'unit exception' is presented to the channel and it 
appears without 'channel end,' 'control unit end,' or 
'device end.' 

Such unit status indicates that no action has been 
taken at the device in response to the command. If 
the condition that precludes normal execution of the 
operation occurs after the execution is started, 'unit 
exception' is accompanied by 'channel end,' 'control 
unit end,' or 'device end,' depending on when the 
condition is detected. Any unusual condition associ
ated with an operation, but detected after 'device end' 
is cleared, is indicated by signaling 'unit exception' 
with 'attention.' 

The 'unit exception' causes command chaining to be 
suppressed. 

Sense Information 

Data transfer during a sense operation provides in
formation concerning unusual conditions detected in 
the last operation and concerning the actual state of 
the I/O device. Information provided by the basic 
sense operation 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 r/o 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. 

All sense information significant to the use of the 
r/o device normally is provided in the first two bytes. 
Any bit positions that follow those used for program
ming information contain diagnostic information, 
which may extend to as many bytes as needed. The 
amount and the meaning of the status information are 
peculiar to the type of device, and must be specified 
in the SRL publication for the r/o device. 

A device which normally operates in multiplex 
mode, and transfers a sing1e byte during data transfer. 
should transmit the maximum number of bytes of 
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sense data possible during the 32-microseeond multi
plex time-out limitation. 

The sense information that pertains to the last I/O 

operation or other unit action may be reset by the 
next command addressed to the control unit, provided 
the busy bit is not included in the initial-selection 
status hyte, except where the command is a hasic 
'sense,' 'test I/O' or 'no-op' and it is addressed to the 
device that causes the sense. The sense information 
may also he changed as a result of asynchronous 
actions snch as when 'att('ntion' or not-ready-to-ready 
device-end status is generated. 

Sense information that resu1ts from more than one 
action at the unit must not h(' oRed when this condi
tion would CalISe the program to misinterpret the 
original meaning and intent of the sense information. 
Note that when a group of sense indicators is shared 
with diffprent devices the residual control-unit sense 
data that pertains to the last command addressed to 
the control unit may he reset if the device addressed 
is different from the device which gen('rated the sense 
data. 

A command code with invalid parity will cause the 
sense information to he replaccd only if 'unit check' 
is turned on as a result of the invali(l parity. 

Sense Byte 

For most r/o devices, the first six hits of the first 
sense data hyte (scnse byte 0) arc common to all I/O 

de\'ices that have this type of information. The six 
hits an' independent of each other and arc designated 
as follows: 

BIT 

o 
1 
2 
3 
4 
5 

Sense Conditions 

Command Reject 

DESClUPTIO:-; 

Command Hl'ject 
Intervention Hcquircc1 
Bus-Out Check 
Equipmcnt Chcck 
Data Chcck 
()vcrrun 

The device detected a programming error. A com
maml was receivcd which the device is not designed 
to e\:ecllte ('read backward' issued to a direct-access 
storage device), or which the device cannot execute 
hecanse of its present state (a 'write' issued to a file
protected tape unit). In the former case, the program 
may han' required lise of an uninstalled optional 
featllre or lllay have specified invalid <:ontrol data. 
'CollImand rejcct' is also indicated when an invalid 
sequencc of commands is re<:ognized ('write' to a 
direct-access storage device without previously desig
nating the (lata hlock). 
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Intervention Required 

'Intervention required' is generated when the last 
operation could not be executed because of a condi
tion that requires intervention at the I/O device. This 
bit indicates conditions such as an empty hopper in a 
card punch or the printer being out of paper. 'Inter
vention required' is also turned on when the addressed 
device is in the not-ready state, is in test mode, or is 
not provided on thc control unit. 

Bus-Out Check 

'Bus-out che<:k' results when the I/O device or the con
trolunit receives a data byte or a command byte with 
invalid parity over the I/O interface. 

During writing, 'bus-out check' indicates that a 
parity error was detected and incorrect data may have 
been recorded at the I/O device. However, the condi
tion does not cause the operation to he terminated 
prematuH,ly, unless the operation is such that an error 
precludes meaningful continuation of the operation. 
No operation is initiated if the command code has a 
parity error. 

Equipment Check 

The equipment-check sense hit indicates detection of 
an equipment malfunction logically between the I/O 

interface and the input/output medium. On output 
operations, this malfunction may have caused invalid 
data to he recorded. Detection of 'equipment check' 
stops data transmission and terminates the operation 
prematurely when the error prevents any meaningful 
continuation of the operation. 

Data Check 

'Data check' indicates that invalid data has been de
tected or is probabl<.' on the recording medium. This 
invalidity can be accurately detected only by reading 
the recording medium. 

The control unit forces correct parity on data sent 
to the channel. On writing, the data-check condition 
indicates that incorrect data may have been recorded 
at the I/O device. Data errors on reading and 'vriting 
cause tIll' operation to he terminated prematurely only 
when tIl(' (,1'1"OrS prevent meaningful continuation of 
the operation (]oss of synchronization). 

Overrun 

'Overrun' resu1ts when the channel fails to respond on 
time to a request for service from the I/O device. 
'Overrun' can occur when data is transferred to or 
from a nonbllffered control unit that operates with a 
moving medium, and the total activity initiated by 
the program exceeds the capability of the channel. 

On an output operation, 'overrun' indicates that 



data recorded at the device may he invalid. In these 
cases, data overrun normally stops data transfer and 
the operation terminates as in 'stop.' The overrun bit 
is also turned on when the de\'ice receives the new 
command too late during command chaining. 

General System Considerations 

Interface Time-Out Considerations 

Signaling oyer the I/O interface is specified to be di
rect-clllTent interlocked and thus is not time-depend
ent. Since the signaling is not time-dependent, a cer
tain category of machine malfunctions may cause 
"hangup" of tIw channel and, unless detected and 
cancded. results in "hangup" of the system. The tim
ing considerations inyoh-ed in determining malfunc
tion cases are described in the following paragraphs. 

A.11 references to particular time considerations, in 
this section, represent the maximum permissible time 
in worst-case situations. All control units must be de
signed for minimum signal-sequence-response times 
within the limitations of the circuit family used and 
the sequencing method required for particular I /0 

deyiccs. A. maximnm worst-case interface signal se
quence of .32 microseconds, because of the control 
unit. is spccified. This means that from the tinw 'select 
out' rises at a particular control unit for any signal 
sequcnce until the sequence is completed ('operation
al in' drops at the control unit), no more than 32 
microseconds, because of the control unit circuitry or 
the sequencing method used. will be required by the 
control unit. 

This applies to all multiplex sequences and to all 
selection sequences. .-\n initial-selection se'quence is 
defined as beginning with tlw rise of 'select out' at the 
particular control unit to the fall of 'status in' for 
initial status. Howcver, a particular interface signal 
seqtH'nc(~ may take longer because' of other factors: 

l. Delays introduced by the channel. 
2. Delay he'cause of the ne(>d for a hurst-mode I 0 

de'yice to capture the' interface prior to reaching the 
specified record area of the recording nwdium (not 
greater than 500 milliseconds). 

In addition to excessiye delays which may occur 
within a particular signal sequence, excessive delays 
may exist between data cycles during hurst-mode 
operation. The maximum allowable delay between 
data cycles in burst mode is 500 milliseconds. The 
channC'l should not indicate a malfunction unless a 
delay of interface actiYity e'xceeds approximately 30 
seconds .. -\bsence of activity on the interface may be 
lwcause of other conditions (reading a long gap on 
magnetic tape created by SUl'cessin' erase commands). 

Propagation of Select Out 

During an initial-selection or scan sequence, if the 
control unit does not require service or selection, 'se
lect out' must be propagated by the unit within 600 
nanoseconds to meet performance requirements. In 
no case may propagation time exceed l.8 microsec
onds per control unit. This time is measured from the 
rise of the incoming 'select out' to the rise of the out
going 'select out.' 

System Configuration 

Number of Units: In the general system configura
tion, as many as eight control units can be directly 
connected to a single channel I/O interface. 

l11tcmal Cabling: The maximum allowable internal 
resistance, including all contact resistance, contributed 
by a channel or control unit is specified as 2.0 ohms 
for every signal line, except 'select out' and 'select in.' 
(Extended or high-performance configurations require 
that internal resistance be reduced to a minimum.) A 
total of 3.0-ohm maximum resistance is specified for 
the control unit for the combined 'select out' and 
'select in.' The maximum resistance case for 'select 
out select in' in a control unit usually occurs when the 
control unit pawn is off and electrical bypassing is 
effective. 

For control units, the internal resistance is measured 
between the incoming and the outgoing pins on the 
external connectors. For channels, the measurement 
is made between the external connector pin and the 
corresponding channel driver or receiver. 

\Yith tlw exception of the 'select out/select in' line, 
the maximum signal delay measured between the 
external pins is specified at 15 nanoseconds. The 
maximum skew between any two signal lines is speci
fied at 1 nanosecond. 

The SRL puhlication for each control unit and chan
nel must define, for each possible interface implemen
tation, the vaht{' of its internal resistance for the 
signal lines and for the 'select out/select in' line-pair. 

External Cabling: The cable length available for the 
interconnection of channel and control units is pri
marily limited by the n'sistance to the interface lines 
which is contributed by the channel and the control 
units. For specific control units, the signal delays due 
to cable length will require that the control unit be 
relatively clos(' to the channel. However, the maxi
mum allowable cable length is limited by total series 
resistance between drivers and receivers, if signal 
cable delay requirements arc met for each attached 
control unit. 

The maximum external connector-to-connector cable 
length for unrestricted general systems configurations 
is determined by the combined internal resistance 
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specification for 'select out/select in.' The maximum 
line resistance for the total 'select out/select in' loop 
must not be greater than 52 .. 5 ohms for worst-case 
conditions. 

In certain customized installations where 'select 
out' is redriven at the end of the cable, the maximum 
cable length wil1 be determined by the 2.0-ohm in
ternal control unit and channel resistance specifica
tions for the signal lines other than 'select out' and 
'select in.' In this case, the maximum cable length can 
be calculated by using the .3.3-ohm driver-to-receiver 
maximum line resistance specification for worst-case 
conditions. 

Off-Line/ On-Line 

A control unit in an off-Bne mode must not interfere 
in the operation between the channel and other con
trol units on the same interface. The control unit in 
the off-line mode must provide the following: 

1. Logical bypass for 'select out.' 
2. Gate off all other line drivers from interfering 

with activity on the interface. 
The control unit transition to or from an off-line/on

line condition must not cause machine malfunction. 
The minimum following conditions must exist con
currently before the on-line-to-off-line transition can 
occur: 

1. The on-lim.'/off-line switch is set to OFF LINE. 

2. No active communication on the interface he
cause of this control unit, such as 'operational in,' or 
'status in,' etc. 

3. No stacked or pending status is on this unit. 
(Stacked status is that which has been presented to 
the channel hut which has not been accepted. Pend
ing status is that which is forthcoming or which has 
heen generated hut not presented.) 

4. No command chaining is indicat('d for this unit. 
The preceding conditions ensure that no machine 

malfunctions can occur hecause of an operator throw
ing the switch from ON LINE to OFF LINE. 

Power Effects 

Steady State: The power-off state of any control 
unit must not affect any operations of other control 
units on the interface. The control unit whose power 
is off must provide an electrical bypass for 'select out,' 
and all of its interface driver and receiver circuits 
must be prevented from interfering with the interface 
signals. The incoming 'select out' signal terminator at 
the receiver must be disconnected when the signal is 
electrically bypassed. \Vhen power is down on all 
units, 'select out' must be propagated back to the 
channel. 
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Transient and Spurious Signals: Each control unit 
must he designed so that, if proper procedures are 
followed, the process of individllal1y powering up or 
down does not cause its interface driver or receiver 
circuits to generate noise on thc interface signal1ines. 

Transient and Select-Out Pulse SpLitting: Each con
trol unit must ensure that the process of electrical1y 
bypassing 'select (mt' prior to power changes does not 
interfere with 'select out' propagation, except for pos
sible short discontinuities (less than 1.8 mkroscconds) 
hecause of contact bounce coincident with signal de
lay through parallel logic circuits. Also, each control 
unit must ensure that 'select out' discontinuities, which 
may occur when another control unit on the interface 
is powering up or down, do not affect the propagation 
of 'select out.' This should he accomplished hy the us(~ 
of a special latch circuit. The latch is tllrned on hy 
the A:,\D of 'select out' and 'hold out' and is reset by 
the fa]] of 'hold out.' The circuit is in series with the 
remaining selection logic in the control unit and 
causes a constant 'select out' signal within the control 
unit and, therefore, to all fol1owing control units, 
regardless of variations in the input 'select out' signal 
(Figure .3). 

Pou;el' Off IOn Sequence Requirements: The comhi
nation of proper procedures and circuitry must pro
vide the following sequence of events for power off: 

l. Logical1y disconnect the unit from the interface (a 
panel indicator comes on). (The control unit can he
come logically disconnected when it and all connected 
devices have completed al1 operations, no status is 
pending, or stacked, and chaining is not indicated.) 
This ensures that no unfinished operations exist that 
can cause indication of machine malfunction when 
power is turned off. Notl' that when a control unit 
is logically disconnected from the interface, aJ] its 
drivers except 'select out' are 10gicaJ]y gated off. A 
logical disconnect may be accomplished as a result of 
going off-line by use of the on-line/off-line or the 
metering disable ·enable switch. 

2. Close 'select out' bypass circuit (mechanical con
tact, Kl, Figure 3). The normal logical electronic by
pass of 'select out' is still active when the control unit 
is 10gical1y disconnected. 

:3. Open the connection from the line to the 'select 
out' receiver terminator (mechanical contact, S1, 
Figure 3). 

4. Clamp interface driver gates to ground by means 
of a mechanical contact, S2, Figure 3), if gated 
drivers are used to avoid transient signals on the inter
face lines. 

5. Turn off power (remote/local power-control 
switch set to LOCAL). Refer to Systems Heferenc(' Li
braxy, IBM Potcel' COlltrol Interface, Form A22-6906. 



Select Out c·,· 
S1 

(Incoming) 

Hold Out 

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

Power-On Reset 

D Driver A AND Function 
R Receiver OR OR Function 
T Terminator 

Figure.3. Representative Select-Out/Hold-Out Special Latch 

For power on, the sequence is reversed: 
1. Turn power on (remote/local power-control 

switch set to LOCAL). During the power-on sequence, 
a power-on reset pulse must automatically reset the 
control-unit circuitry. including reset of the special 
'select out' latch. regardless of 'hold out.' 

2. Cnclamp driyer gates. (Open mechanical con-
tact. S2.) 

:3. Connect 'select out' receiver terminator (Sl). 
-1. Open 'select out' bypass circuit (K1). 
.5. Logically connect the unit to the interface (panel 

indicator turns off). 
If some method. such as automatic power sequenc-

Select Out 

(Outgoing) 

ing rather than gated interface driver circuits, is used 
to eliminate transients on the signal lines, the steps 
in the sequence that refer to driver gates may be 
eliminated. 

Note: The 'select out' hypass function (relay trans
fer) of a power-off or power-on sequence must be 
completed in anyone control unit attached to a chan
nel before the 'select out' bypass function (relay 
transfer) is started in another control unit. Therefore, 
the 'select out' bypass function should be completely 
automatic. In any case, the 'select out' bypass function 
must not be interrupted. but must be completed once 
it is started. 
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Physical Requirements 

Multiple Drivers and Receivers 

Up to ten receivers must be able to be driven by one 
driver. The driver must be located at one of the ex
treme ends. 

Up to ten drivers must be able to be dot oRed to 
drive one receiver. The receiver must be located at 
one of the extreme ends. 

Note: An end-of-line driver or receiver may be 
placed beyond the terminator. In this case, the dis
tance between the end-of-line driver or receiver and 
the terminator must be less than six inches. 

Receivers must be spaced at least three feet apart. 
No minimum requirement is set as regards the spacing 
between drivers. No minimum requirement is set as 
regards the spacing between a terminator and driver 
or receiver if the terminator is placed on the outer
most end of the line. 

The maximum stub length from the line to a driver 
or receiver on the circuit card is six inches. 

General Electrical Requirements 

Voltage Levels 

There are two logical levels. A dc line voltage of 
+2.25 volts or more denotes a logical one state, and 
a dc voltage of +0.15 volt or less denotes a logical 
zero state. These voltages are relative to the driver 
ground. 

Cable 

All lines must have a characteristc impedance of 
92± 10 ohms and, with the exception of 'select out,' 
must be terminated at each extreme end in their 
characteristic impedance by a terminating network. 
(For select out/select in, see "Electrical Specifica
tions for Select-Out Circuitry".) 

Cable length may be limited by special conditions 
but is never to exceed a maximum line resistance of 
33 ohms. The 33-ohm line resistance includes all con
tact resistance, internal cable resistance, and inter
unit cable resistance. 

Terminating Networks 

The terminating network must present an impedance 
of 95 ohms ± 2.5 percent bet\veen the signal line and 
ground, and must be capable of dissipating 390 milli
watts. 
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Ground Shift and Noise 

The maximum noise (measured at the receiver input) 
coupled onto any signal line must not exceed 400 milli
volts. 

The maximum allowed ground shift, between any 
active driver and any receiver of the same interface 
line, is 150 millivolts. Therefore, the maximum shift, 
(coupled noise plus ground shift) allowed on any 
line is 550 millivolts. 

The logical levels defined in "Voltage Levels" under 
"General Electrical Requirements" and the receiver 
threshold levels specified in "Receivers" under "Inter
face Circuit Requirements" allow for this 550-milli
volt shift. That is, a negative noise pulse of 400 milli
volts coupled with a positive receiver ground shift of 
150 millivolts occurring during a one state (2.25 volts 
minimum) guarantees a receiver input of l. 7 volts 
or more. See Diagram A. 

VOlt~400mv 
+2.25v 

Ov -r . Time 

~ Signal Line 

Ground Line +0.15v 

Diagram A. Negative Noise 

Also, a positive noise pulse of 400 millivolts coupled 
with a negative receiver ground shift of 1.50 millivolts 
occurring during a zero state (0.15 volt maximum) 
guarantees a receiver input of 0.7 volt or less. See 
Diagram B. 

Note: The noise measurements are made at the in
put to the receiver. A combination of the dc level 
and ac noise must not exceed 0.7 volt for the down 
level and must not be less than 1.7 volts for the up 
level. 

Volts f r==-400 mv 

+0. 15

0v
v f\"'-~tr---

~ • Time 

~ Signal Line 

Ground Line -0.15v 

Diagram B. Positive i\oise 

Appendix A. Electrical Specifications A-I 



Note: Noise may be generated by circulating cur
rents in the grounding network if the proper ground
ing rules are not adhered to. In IBM System/360, the 
ground lead (green with yellow tracer) in the power 
source cable to the CPU is connected to the machine 
(frame) ground. An signal lead shields are connected 
to circuit (electronic) ground. In the CPU these two 
grounds, circuit and machine, are connected at one 
point only. 

Devices attached to the system should foJJow the 
same convention - signal shields connected to circuit 
ground, and power ground connected to machine 
frame. These two grounds should not he connected 
in the device. Excessive noise may he generated hy 
circulating currents in the grounding network when 
circuit and machine grounds are commoned in both 
CPU and attached units. 

Interface Circuit Requirements 

Receivers 

An input voltage (relative to receiver circuit ground) 
of l. 7 volts or more is interpreted as a logical one; 
an input of 0.70 volt or less is interpreted as a logical 
zero. An open circuited input is interpreted as a 
logical zero. 

The receiver should not be damaged by: 
l. A dc input of 7.0 volts with power on in the 

receiver. 
2. A de input of 6.0 volts with power off in the 

receiver. 
3. A de input of -0.15 volt with power on or off. 
The receiver input must not require a positive cur

rent (Diagram C) larger than +0.42 milliampere at 
an input voltage of +3.11 volts. 

Input o--~+~I-=:::::=:===:::::~_-~[:J 

1 
Diagram C. Receiver 

Negative receiver input current at +0.15 volt must 
not exceed -0.24 milliampere. In addition, receiver 
input impedance must be larger than 4.0 kilohms and 
less than 20 kilohms. 

Receivers must be designed to ensure that no spuri
ous noise is generated on the line during a normal 
power-up or power-down sequence. 

Drivers 

In the logical zero state: 
l. The output voltage must not exceed 0.15 volt at 

A-2 

a load of +240 microamperes. (Sec Diagram D for 
current polarity definition.) 

Diagram D. Current Polarity 

In the logical one state: 
1. The output voltage must he 3.11 volts or more 

at a load of +59 .. '3 mil1iamperes (two terminators, ten 
receivers) . 

2. The output voltage must not exceed .5.8.5 volts 
at a load of +30 microamperes (one receiver, no 
terminator) . 

3. The output voltage must not exceed 7.0 volts at 
a load of +123.0 milliampcres during an over-voltage 
internal to the drivers. 

Drivers must be designed to ensure that no spuri
ous noise is generated on the line during a normal 
power-up or power-down sequence. For the driver, 
this may he accomplished hy one of the foJJowing 
methods: 

l. Sequencing the power supplies. 
2. Building noise suppression into the circuit. 
.'3. Providing an externally contro1Jed gate. ( Sec 

Diagram E.) 

1 
• 

Input~ ... 
.$2 • ~Output 

Gate 

Diagram E. Driver Gate 

For a normal power-down sequence: 
l. Logically ensure that the driver is in the zero 

state. 
2. Close contact S2. (See Diagram E.) 
3. Turn power off. 

For a normal power-up sequence: 
1. Ensure that contact S is closed. 
2. Turn on power. 
3. Logically ensure that the input level will cause 

the driver output to he in the zero state. 
4. Open contact S. 

Fault Conditions 

A grounded signal line must not damage drivers, re
ceivers, or terminators. 

\Vith one driver transmitting a logical one, Joss of 
power in any single circuit driver, receiver, or termi-



nator on the line must not cause damage to other 
components. 

'Vith both terminators connected, line operation 
must not be affected by power off in any drivers or 
receivers on the line. 

Electrical Specifications for Select-Out Circuitry 

General 

The 'select out' line has a single-driver to single
receiver configuration, with only the receiver end of 
the line terminated in the characteristic impedance. 

A dc line voltage of 1.85 volts or more denotes a 
logical one state, and a dc line voltage of 0.15 volt 
or less denotes a logical zero state. These voltages are 
relative to the driver ground. 

Note: Because of the nature of the 'select out/select 
in' line, negative noise tolerance has been neglected. 

All electrical requirements specified in "General 
Electrical Requirements" that' are not redefined in 
this section are also applicable to 'select out'. 

Receiver 

The 'select out' receiver must satisfy all requirements 
given in "Receivers" under "Interface Circuit Re
quirements." 

Driver 

The select out driver must be capable of withstanding 
a short-circuit-to-ground output condition, while in 
either the logical one or zero state, without damage 
to the driv('r circuit. 

For the logical zero state: 
1. The outpnt voltage of a select out driver must 

not exceed 0.15 volt at a load of 1 millampere. 
For the logical one state: 
1. Output voltage of a channel driver or the driver 

of a control unit contained within a channel frame 
must exceed 3.9 volts at a load of 41 milliamperes. 

2. The output voltage of a control unit .driver not 
contained within a channel frame must exceed 3.7 
volts at a load of 41 milliamperes. 

The ontput voltage of a select out driver should not 
exceed: 

1. 5.8 volts at a load of 0.3 milliampere. 
2. 7.0 volts at a load of 72 milliamperes during an 

over-voltage internal to the driver. 

Terminator 

A 95-ohm ±2.5 percent, 390-mi1liwatt terminator to 
ground must be placed at each· receiver for each line 
segment along the 'select out/select in' path, including 
the receiver end of 'select in' located in the channel. 

The driver end of each segment of 'select out/select 
in' must not be terminated, including the driver end 
of 'select out' located in the channel. Also, the jump
ered 'select out' or 'select in' and the bypassed 'select 
out' or 'select in' path is not terminated. 

Circuits 

Figures 4 through 6 show representative circuits used 
to drive, receive, and terminate the lines between the 
channel and attached control units. 

+6v 

Input 0---_*_--__._--1 

External 
Power 
Control 
Gate 

Figure 4. Line Driver 

-3v 

Figure 5. Line Receiver 

Figure 6. Line Terminator 

+6v 

Output 

+3v 

950 
±2.5% 

Si9nall 
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Pin Assignments 

Pin assignments for the I 0 interface are shown in 
Figure i. They are shown as viewed from the connec
tor side of the channel and control unit tailgates. Two 
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Serpent Connector 1 (nAn Style) 

++++++++++++ ++++++++++++ BOG 
02 13 02 13 
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Light Gray 
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/' 

D V J 
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o 
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" " " " 
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** Reserved for future use. 
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o 

Figure 7. I/O Interface Connector Pin Assignments 
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interface cables connect the channel to the first of a 
group of control units. Signals are assigned corre
sponding pin numbers on the channel and control 
unit connectors (see Appendix B). 
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Cabling 

Cable Halves 

A screwdriver is required to join the cable halves. The 
connecting screw is spring-loaded to prevent damage 
to mating block contacts. Blocks should be aligned to 
insure proper parallel contact mating. After the blocks 
are keyed, push the screw forward to engage the in
sert; then tighten securely. For assistance in removing 
individual contacts, field personnel should use Tool, 
Part 450540 (available from IBM Field Engineering) or 
a No. 12 crocheting needle. 

Mounting 

In normal applications, the blocks are mounted in the 
horizontal plane to provide a smoother bend into the 
coaxial cables. (See Figure 8.) Vertical mounting pro
duces unusual bending configurations, requiring care
ful routing and strain relieving of the external cables. 

1--
6

.
00" MaX_=1} 

r
- Mated Condition 4.068" Max 

Panel Mount 
External 

Cable 

r-------
c::::::~: 

I I L _______ _ 

L3.00j' 
Internal Cable I-=Lo.33" 

(Coax or Discrete Wire) 

3.10" 
*Optional strain relief 

Figure 8. Mounted Cable Halves 

Figure 9 shows an eX12loded view of the panel 
mounting. 

Off-Line Utilization 

This cable connector has the unique feature of being 
able to mate "cable half" to "cable half" for off-line 
utilization or for the physical by-passing of machine 
units. (See Figure 10.) 
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Part 438560 (2) Panel Mounted 
4-40Xl Part 5353867 ("A" Style Connector Block) } * 

\ 5353868 ("B" 5"". Co"~,,,,, 8I.,k) 

,-

*Hermaphroditic Terminals: 
Part 5362301 -- 22-26 Wire (AWG) 
Part 5362302 -- 28-32 Wire (AWG) 
Part 5404480 -- 18-20 Wire (AWG) 

Part 5353896 (2) 

Part 438560 (4) 
4-40Xl 

(~2306 
j 

Figure 9. Panel Mount with Optional Strain Relief 

When mating cable halves, it is only necessary to 
use the screw on the "B-" style connector. This allows 
the "A" style connector's screw to fall within the 
empty insert location in the "B-" style block and 
makes for an easier connection. 

Typical connections are shown in Figures 10 and 
11. (Information concerning the EPO cable shown in 
Figure 11 is contained in SRL publication, IB}! Sys
tem/360 POtl:er Control Interface, Original Equipment 
"Alanufacturers' Information, Form A22-6906.) 

Connectors 

Connector Blocks 

Three styles of connector blocks are available: "A," 
"B," and "B-." The "A" and "B" designations are used 
to identify proper mating arrangements since the phy
sical hardware is identical. The two styles are dif
ferentiated by the color coding of the blocks; the ".t\." 
style is light gray and the "B" style is dark gray. (See 
Figure 12.) 

The "B-" style block is the same as the "B" style but 
does not have a threaded insert. 
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CPU 

I/O 
Channel 

Control 
Unit 

Control 
Unit 

I/O Devices 

A B-

Figure 10. Off-Line Utilization 

EPO c~ (Pa,' 535~ 

System/360 

Connector 
(Part 523269) 

Ground Tab 
(Part 5271288) 

~ ~'--------~ J 
0-- Panel Mount (Part 5353867) 

[!]-- Panel M:lUnt (Part 5353868) 

,-
Signal Cable 
(Part 5353920) 

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

Terminals: 
EPa Cable {14-18 AWG -- Part 523267 
Connector 20-22 AWG -- Part 5351177 
(6 Required) 
Signal l22-26 AWG -- Part 5362301 
Cable 28-32 AWG -- Part 5362302 
Panel 18-20 AWG -- Part 5404480 
/lkunt (40 Re~red per Connector) 

Figure 11. Typical Connection 
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0 or 

0 or 

Tape Units 

0 
[8 

Designate 
Mounts 

Designate 
Cable Half of 
Connection 

Control 
Unit 

I/O Device 

When mating connectors, care should be taken to 
prevent accidental mismating of two "A" or two "B" 
style connectors since letter positions would then be 
transposed. Connectors of the same color must never 
be mated. 

Both the "A" and the "B" style blocks are used for 
panel mounts. The "A" style may also be used for a 
cable end. The "B-" style is used only as a cable end. 
(Refer to "Off-Line Utilization.") 

Capacity 

Forty-eight (48) individual positions (serpent con
tacts) are provided for in the connector blocks. Ap
plication of the connector is limited only by the num
ber of coaxial wires (shielded wires or twisted pairs) 
llsed and the method used to ground the shields of the 
coaxial wires. In the I/O interface, 40 serpent contacts 
are required on each connector to individually termi
nate the shield and signal wires of the 20 coaxial 
wires. 
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Figure 12. Connector Blocks and Contact Location 

Serpent Contacts 

Description 

The serpent contact is a hermaphroditic, gold-plated 
phosphor bronze, dual-mating surface contact. (See 
Figure 13.) 

Wire Termination 

Termination is accomplished by the bare-wire crimp 
method. Three contacts are available to cover the 
range of solid or stranded wire sizes required: 

IBM PART 

5404480 
5362301 
,5362302 

Terminators 

WIRE SIZE (A WG ) 

18-20 
22-26 
28-32 

INSULA TION RANGE 

0.042 to 0.103 
0.028 to 0.103 
0.026 to 0.090 

The System/360 standard I/O interface line termina
tion is provided by two assemblies (Part ,5440649 and 
54406,50) shown in Figure 14. 

A. Part Identification 

B. Dimensions 

I 0.684" I 
.. • 0.028 ±0.004" 

~(~-~-~ 
r 

C. Mating Configuration 

Figure 13. Serpent Contact 

Electrical Specifications 

Two Point Contact 

0.025+0.015" 
-0.000" 

Voltage Ratings: The maximum voltage rating of 
this connector is 24 volts ac or dc. For applications 
above 24 volts, contact the local IBM representative. 

Current RaNng: The maximum continuous current 
rating of each contact is 6 amperes. The contacts are 
not intended for interrupting current. 

Resistance: The termination-to-termination resist
ance (includes 2 crimps and mated contacts) will not 
exceed: 

1. 0.020 ohms when installed on #22 Awe and larger 
wire. 

2. 0.030 ohms when installed on #24-#26 Awe wire. 
3. 0.040 ohms when installed on #28-#32 Awe wire. 
Insulation Resistance: The contact-to-contact insu-

lation resistance is 100 megohms (minimum) meas
ured at a test potential of 100 volts dc, after exposure 
of 1 hour at a temperature of 38° C and 85-90 percent 
relative humidity. 
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Grounding: All surfaces of the connectors are non
conductive plastic; therefore, no grounding is neces
sary. 

Note: Direct all questions concerning cable and 

Bus Assembly (Part 5440649) 

Figure 14. Terminator Assemblies 

B-4 

connector prices and availability to IBM Corporation, 
Industrial Products Marketing, Systems Development 
Division HQ, 1000 \Vestchester Avenue, White Plains, 
New York. 

'~ 
Tag Assembly (Part 5440650) 



AT DECISION BLOCKS INVOLVING 
SIGNAL LINES. THE QUESTION 
TO BE RESOLVED IS ---

IS THE LINE LOGICALLY UP. 

THE PRESENCE OF CH ~CHANNEL) 
OR CU (CONTROL UNIT 
IN A BLOCK. SPECIFI S 
RESPONSIBILITY FOR THE ACTION 
TAKEN OR DECISION MADE. 

NOTE 1 

ALL MENTION OF SELECT OUT ASSUMES 
PROPER OPERATION OF HOLD OUT AS WELL. 
THUS. SELECT OUT UP MEANS SELECT OUT AND 
HOLD OUT UP. AND SELECT OUT DOWN MEANS 
EITHER SELECT OUT OR HOLD OUT DOWN. 

Appendix C. Supplementary Application Information 
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E4 * • 
• * (CH) *. 

NO .*HAS AOR OUT*. 
*.BEEN DOWN AT .* 

*.LEAST 250.* 
*.NSEC .* 

* •. * 
* YES 

.-----,1<---1 
NOTE 1 .v. 

H3 * • • * (CH) *. 
NO .*HAS SEL OUT*. 

*.BEEN DOWN AT .* 
".LEAST 1.5.* 

*.USEC .* 
* •• * 

j''' 
NOTE 1 v 

·****J3********** 
* (CH) * 
* RAISE 

SELECT 
: OUT 

***************** 

1 
v 

***** *02 * 
* B4* 
* * 
* 

A POLLING SEQUENCE OR AN 
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CHANNEL. 

Flow Diagram 1. Initiation of Polling or Selection 
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NOTE 1 

ALL MENTION OF SELECT OUT ASSUMES 
PROPER OPEnATION OF HOLD OUT AS WELL. 
THUS. SELECT OUT UP MEANS SELECT OUT AND 
HOLD OUT UP. AND SELECT OUT DOWN MEANS 
EITHER SELI:CT OUT OR HOLD OUT DOWN. 

NOTE 2 

ADDRESS-RECOGNITION REQUIRES 
DECODING THE ENTIRE BYTE, I.E •• 
EIGHT BITS PLUS PARITY. 

NOTE 3 

A CONTROL lJNIT MAY BE BUSY 
EITHER BECAUSE IT IS BUSY OPERATING 
A DEVICE OR BECAUSE THE CONTROL 
UNIT IS HOLDING STATUS. 

NOTE 5 

THE BYTE ON BUS IN MUST BE 
VALID WITHIN 100 NSEC AFTER 
THE RAISING OF THE IN TAG. 
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ADDRESS TO * 
BUS IN * 

* * ***************** 

*. OUT .* 
*. .* 

*. .* 
* •• * 

L-________ > L-____ ,j''' 
NOTE 1 v 

*****H4********** .. *cu* ... 
PROPAGATE * 

SELECT 
OUT 

* ***************** 
PROPAGATION OF SELECT OUT 
COMPLETES THE SIGNAL SEQUENCE 
FOR THIS CONTROL UNIT. 

THI S PROPAGATED SELECT OUT 
BECOMES SELECT IN AT THE 
CHANNEL IF NO OTHER 
CONTROL UNIT RESPONDS TO 
THE POLL OR ADORESS. 

THE CONTROL UNIT HAS RESPONDED TO THE 
'SELECT-OUT POLL OR ADDRESS I NG. THE 
CHANNEL MUST NOW EXAMINE THE RE
SPONSE TO DETERMINE WHETHER TO -
ABORT THE POLL OR SELECTION. RESPOND 
TO THE CONTROL UNIT BUSY. OR 
CONTINUE WITH THE SEQUENCE 
BEGUN BY OPERATIONAL IN. 

v 
*****J5********** 
* *Cu* * 

DROP * 
REQUEST IN 

* * ***************** 

L-_____________________ > < ____________________________________________ ~ 

THE CONTROL UNIT 
HAS SERVICE RE
QU I REMENTS AND 
THEREFORE ANSWERS 
THE POLLING 
SEQUENCE. 

v 
***** 
*03 * * B4* 
* .... * 

Flow Dial~ram 2. Control Unit Response to Select Out (Part 1 of 2) 
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v 
***** 
*02 * 
.. H2* 

* * 



***** 02J2 
*03 * 
* B4* 
* * * 

.----------~------- ··-·------->1 

THE CHANNEL 
ACKNOWLEDGES THE 
CONTROL-UNIT-BUSY 
SEQUENCE. 

..... • v. 
*. 83 *. 84 *. 

*. .* *. .* *. 
(CH) *. NO.* (CH) *. NO.* (CH) *. 

STATUS .*<----*. OPERATIONAL .*<----*. SELECT .* 
IN.* *. IN.* *. IN .* 

*..* *..* *..* * •• * * •• * * •• * 

*1 YES *1 YES *1 YES THE ATTEMPTED INITIAL SELECTION 
SEQUENCE OR POLL WAS 
UNSUCCESSFUL. 

NOTE 1 v .v. NOTE 1 v 
:****C2*********: _.e tcH )*_",_ 

(CH) * NO.* CHANNEL *. 
* 
* * 

DROP 1*' INITIATED .* 
SELECT OUT * *.SEQUENCE .* 

* *..* 
***************** * •• * 

*****C4*******"** 
* * 
* 
* 

(CH) 
DROP 

SELECT OUT 

[~~~=:;>I • v. 
D2 *. 

• * *. 
YES.* *cu* *. 

*. SELECT .* 

* YES 

• v. 
04 *. 

.* (CH) * • 
NO.* CHANNEL *. 

*. INITIATED .* 
*.SEQUENCE .* 

THE FALL OF STATUS IN 
COMPLETES THE CONTROL
UNIT PORTION OF THIS 
SEQUENCE. 

THE CONTROL UNIT 
NOW WAITS FOR THE 
CONDITION TO CLEAR, 
A NEED FOR SERV I CE, 
OR ANOTHER SELECTION 
SEQUENCE. 

THE FALL OF ADDRESS 
OUT COMPLETES THIS 
SIGNAL SEQUENCE. 

THE CHANNEL NOW 
AWAITS A REQUEST 
FOR POLLING OR A 
NEW COMMAND. 

NOTE 1 

*. OUT .* 
*. .* 

* •• * * NO 

1 
NOTE 6 v 

:****E2*"'''' **** **! 
*Cu* * 
DROP * 

* STATUS IN * 

***************** 

r- J 
l .~. 

F2 *. 
.* *. 

YES.* (CH) *. 
*. STATUS .* 

*. IN .* 
*. .* * •• * 

j"" 
v 

:****G2*********: 

* (CH) 
DROP 

ADDRESS OUT 

***************** 

1 
v 

***** *01 * 
* B3* 
* * 

ALL MENTION OF SELECT OUT ASSUMES 
PROPER OPERATION OF HOLD OUT AS WELL. 
THUS. SELECT OUT UP MEANS SELECT OUT AND 
HOLD OUT UP. AND SELECT OUT DOWN MEANS 
EITHER SELECT OUT OR HOLD OUT DOWN. 

NOTE 6 

THE BYTE ON BUS OUT NEED NOT BE 
VALID AFTER THE FALL OF THE IN TAG. 

v 

:****E3*********: 
(CH) 
DROP 

ADDRESS OUT 
* 
* * * ***************** 

I 
NOTE 4 v 
*****F3********** 
* (CH) * 

COMMAND 
BYTE TO 
BUS OUT 

***************** 

I 
• v. 

G3 *. 
.* *. 

v NO.* (CH) *. 

1
*. SUPPRESS .* 

*. OUT .* 
*. .* 

* •• * 

im 
v 

*. .* * ..... 

j'" 
v 

:****E4*********: 

* (CH) 
* DROP 

ADDRESS OUT 

***************** 

'-----,,:I:.~ . 
.*'* (CH) *'*. YESI 

*. SELECT .*_=.::..1 
*. IN .* 

*. .* 
* •• * 

* NO THE FALL OF SELECT IN I ~~~0~~~~~ THIS SIGNAL 
v 

***** *01 * 
* B3* 
* * 

THE CHANNEL NOW AWAITS 
A REQUEST FOR POLLING 
OR A NEW COMMAND. 

:****Hf~~1******: SUPPRESS OUT IS NORMALLY 
* DROP * DROPPED AT THE START OF 

SUPPRESS * AN INTERFACE SEQUENCE IF 
OUT * IT WAS UP FOR THE PURPOSE 

* * OF INDICATING CHAINING. 
***************** 

.. ,,:1:;:].*. 
.* *cu* *. YES 

*. ADDRESS .* 
*. OUT .* 

*.. .* 
* •• * * NO 

1 
NOTE 5 v 

*****K3********** 
* * *Cu* * 

RAISE 
ADDRESS IN 

***************** 

1 
v 

***** *04 * 
* A3* 
* * 

NOTE 4 

THE BYTE ON BUS OUT MUST HAVE BEEN 
VALID FOR AT LEAST 100 NSEC PRIOR TO 
THE RAISING OF THE OUT TAG. 

NOTE 5 

THE BYTE ON BUS IN MUST BE VALID 
WITHIN 100 NSEC AFTER THE RAISING 
OF THE IN TAG. 

Flow Diagram 2. Control Unit Response to Select Out (Part 2 of 2) 
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NOTE 1 

ALL MENTION OF SELECT OUT ASSUMES 
PROPER OPERATION OF HOLD OUT AS WELL. 
THUS. SELECT OUT UP MEANS SELECT OUT AND 
HOLD OUT UP. AND SELECT OUT DOWN MEANS 
EITHER SELECT OUT OR HOLD OUT DOWN. 

NOTE 4 

THE BYTE ON BUS OUT MUST HAVE BEEN 
VALID FOR AT LEAST 100 NSEC PRIOR TO 
THE RAISING OF THE OUT TAG. 

NOTE 5 

THE BYTE ON BUS IN MUST BE VALID 
WITHIN 100 NSEC AFTER THE RAISING 
OF THE IN TAG. 

NOTE 6 

THE BYTE ON BUS OUT NEED NOT BE 
VALID AFTER THE FALL OF THE IN TAG. 

NOTE 7 

THE BYTE ON BUS IN NEED NOT BE 
VALID AFTER THE RISE OF THE OUT TAG. 

... * .. * ... 
*04 .. 

**A~* .. 
> I 03K3 

C ... .-;;:;--.... 
it. ADDRESS ." 

*. IN .* 
*. .-

". "I'~ES THE CHANNEL PROCESSES 
THE ADORESS AS REQUI RED • 

• Y. 

63 * • 
• * *. 

I
"' <. :~~;~~: .::. 

NOTE 1 v 
·****C3********** 

: &~~J : 
: SELECT OUT : 

........ **** .... ***** 

<----,I 
NOTE 4.7 y 

*****03********** 
" (CH) .. 
.. RAISE 
.. COMMAND 
.. OUT .. .. 
***************** 

~.,:I .... 
NO.* "CU" *. 

... COMMAND .... 
*. OUT .* 

*. .* * ••• 
" YES 

THE COMMAND AS REQUIRED. 

I 
THE CONTROL UNIT PROCESSES 

NOTE 6 y 

:****F3*********: 
... *cu'" ... 
.. DROP 
: ADDRESS IN 

***************** 

1 .v. 
G3 * • 

• - *Cu- * • • * CHANNEL *. YES 

". ".~~b~M~~O." ''', *~~~~~~R T?NITIAL *. .* STATUS BYTE. 'r' 
••• .v. NOTE 5 v 

H2 *. H3 *. ****"H4**"'·.****** .* *. .* *cu* *. .. "CU'" .. 
NO.* "CU- *. NO.* STATUS *. YES ... STATUS BYTE .. *. INBOUND .*<---*. TRANSFER .*->* TO ... *. DATA .* *. REO..* .. aus IN .. 

*..* *..* ... ... 
*. .... ... ... ***************** i YES " 

I 
NOTE 5 v 

* .. ·**J3· ....... ****** ... *cu" .. 
" OATA BYTE 

TO 
BUS IN 

L-___________________________ > <: __________________ --J 

***** *05 .. 

.. *B~" 

" 

Flow Diagram 3. Command Transfer 
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***** *05 * 
**C~* 

09J4 

***** 04J3 
*05 * 
* B3* 
* * * 

1< i 

.*.*B;::~*.*.*. YES] 
*. ADDRESS IN .*-

*. .* 
*. .* 

* •• -r" 
II 

*****C3********** 
* * * (CH) 
* DROP * 
: COMMAND OUT : 

~---------------*-*-*-**-*--'~I;;J******* 
03 * • 

• * * • • * -CU. *. YES 
*. COMMAND • * 

NOTE 5 

THE BYTE ON BUS IN MUST BE VALID 
WITHIN 100 NSEC AFTER THE RAISING 
OF THE IN TAG. 

Flow Diagram 4. Status/Data Presentation 

*. OUT .* 
*. .* 

* •• * 

"E3.i:::==-~~...J 
.* *CU* *. YES 

*. SERVICE .* 
tt. OUT .* 

*. .* 
* •• * i '" 

.11. 
F3 * • 

• * ·cu· * • 
• * CHANNEL *. YES 

*. INITIATED .* '------~ 
*.SEQUENCE .* 

TRANSFER INITIAL 
STATUS BYTE. 

*. .* 
* •• * 

j" 
.11. 

G3 * • 
• * ·cu· * • 

• * STATUS *. YES 
*. TRANSFER .*-------

*. REQUEST .* 
*. .* 

* •• * 

j"" 
NOTE 5 II 

*****H3* ••• ****** 
* * *CU* 
* RAISE 
* SERVICE IN 

II 

••• ** 
*06 * 
* A4* 
* * * 

NOTE 5 II 

*****H4********.* 
* * * *CU* * 
* RAISE * 
: STATUS IN : 

•• ** •• *** •• ****** 
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1 

09J2 

rl-Y-E-S ----------------------------------------------------------> 05H3 ..... .... .v. 
',I *. A2 *. A4 ... 

• * *. .* *. .* * • ... :* OPE:RATIONAL *:.< ___ N_O ... :* SER~i~J IN *:*< __________________________ N_O.:* sT~i~J IN *:. 
•• IN.* ... .* *. .* 
*..* *..* *. .* * •• * *. •• * •• * 

.. L:O *\ YES *\ YES 

*01 .. 
.. 83* .v. .*. .v. 

... .. 62 *. B3 *. 84 •• 
... •• *. .... *. .* (CH) *. 

THE CHANNEL PROCESSES 
THE STATUS BYTE • 

THE CHANNEL. RECOGNIZES THE 
COMPLETION OF THIS SIGNAL 
SEQUENCE. 

ENDING A SEQUENCE AT THIS 
POINT WILL ONLY OCCUR IF 
OPERATIONAL. IN WAS SLOW 
I N FALL ING AT BLOCK OBG3 
OR IF SELEC:T OUT WAS SLOW 
IN FALLING AT BLOCK 
07F2. 

NOTE 4 

THE CHANNEL 
PROCESSES 
THE DATA 
BYTE. 

THE BYTE ON BUS OUT MUST 
HAVE BEEN VALID FOR AT 
LEAST 100 NSEC PRIOR TO 
THE RAISING OF THE OUT 
TAG. 

....... *. 

• * (CH) ". YES YES.. (CH) ". YES.* MUST ". NO 

-.EXHAUSTED.'" •• CHANNEL .* *. STACKED .... 
*..* .....* .....* •• ... * •• * * •• * IF 

". DATA COUNT .-> ". MULTIPLEXOR ."<---". STATUS BE '''1 
* NO * NO " MULTIPLEXOR 

\ I 
CHANNEL. 
SELECT OUT 
HAS ALREADY 
BEEN 
DROPPED. 

.v. NOTE 1 v .v. 
C2 *. .. ...... C3 ............. *.. C5 - • 

• * *. ..... .* -. 
NO * (CH) * ... (CH) .. .* (eH) *. YES 

.: OUtBOUND:. "DROP " ". MULtIPLEXOR ' '', *. *. DATA •••• : SELECT OUT : * •• ~HANNE~*.* 
* •• * ................... ***...... .. •• * 

j'" j"' 
NOTE 4 v .*. .v. 
: ..... *Of~~)**· .. ·*: ... 04 *... .*DrCH)*·*. 
: DAT~OBYTE : YES,,:" c&~~lNO ":,,<~,,:* ENgH~~~ibs *:" 

: BUS OUT : ".~~AINtN~*.* INTERFACE ... *.ONLY ..... 
............................ *. .... DATA TRANSFER * •• * 

WAIT 
FOR 
DEVICE 
END. 

.. NO PORTION OF THIS * NO 

COMPLETE. 
COMMAND IS I 

.... E;;~: ~ ..... 
NO.* ~ERO *. .------------*. STATUS ... *. BYTE •• 

DEVICE END. BUSY, *. • .. 
"06 " 06C5 

ADJUST FOR" Fl" 06G5 
CU END, UNIT CHECK. if .... 
UNIT EXCEPTION. .. YES 

CHAINING A:; ".. 0604 
REQUIRED. " 06H4 

I 
• v. 

Fl * • 
• * *. 

"::.d;~~~~~g .::iYES 

*.. .* 

':r ... 
Ci1 •• G2 •• 

• * *. .* *. 
NO,,:;UPI'~~~~ OUT ":" ":;UPP~~~~ OUT *:* YESv 

*. .* *. • ... 
*.t.* *..* .... * ....... 

!m !"' 
:* ... -1-11** .. * ....... : : ...... H2 ................. : 

: &~~J: : ~~~JE : 
: SUPPRESS OUT : : SUPPRESS OUT : 

··· ... ·T·...... ... ... ·:r·· ... · 
v 

ASSURE OVERLAP : ........ J2** ........ : 

g~P~~~s~T~M OF " 25~~~JEC " 
AND SERVICE OUT. DELAY .. * ................. * .... .. 

---,1,:----' 
THE ':HANNEL ACCEPTS NOTE 4.7 v NOTE 7 y 
THE IlATA OR STATUS. : ...... K2 ...... * ••••• : : ....... K3 ....... ****.: 

NOTE 7 

THE BYTE Ol~ BUS IN NEED 
NOT BE VALID AFTER 
THE RISE 01= THE OUT TAG. 

: ~~~JE: : ~~~~E : 
: SERV I CE OUT : : COMMAND OUT : 

* ... " .... *j".*"..... •• .. • .... ""·1···· ... ••• 
L. _________________ > 

v ....... 
*07 • • • B: • .. 

Flow Diagram 5. Response to Status/Data Presentation 

C-6 

ATTENTION OR STATUS I 
~OOIFIER. THIS ENDS 
THE SEQUENCE. 

.v • 

• .. FrcHt·*. 
NO .... CHANNEL •• 

.------------". INITIATED ." 
*.SEQUENCE .* 

THI S MUST BE A *. .* 
STACKED STATUS * •• * ."'. i '" 

.v. 
G5 •• 

.* * • 
.--__________ Y_E_S *: * TE~iH 1/0 * : * 

NOTE 1 v 

STATUS 
PRESENT AT I ON 
COMPLETES 
TEST I/O. 

... .. 
*. .* .... 

* NO 

: ........... H4* .... * ........ : 
BEGIN 
NORMAL 
COMMAND 
EXECUTION. : &~~J 

: SELECT OUT 

" ••• *"'."'j.**** ••• 
'-----> ,'-----------------> <:------' 

THE CHANNEL CANNOT 
ACCEPT THE DATA OR 
STATUS. 

STOP DR STACK IS 
THEREFORE I NO I CATED. 

NOTE 1 

v .. *_ .. * 
*06 * 
* *F!* .. 

ALL MENTION OF SELECT OUT 
ASSUMES PROPER OPERATION 
OF HOLD OUT AS WELL. THUS. 
SELECT OUT UP MEANS SELECT 
OUT AND HOLD OUT UP. AND 
SELECT OUT DOWN MEANS 
EITHER SELECT OUT OR HOLD 
OUT DOWN. 



THE STATUS IS ACCEPTED. 

***** 06K3 
*07 * 
**B:* 

* 
I NO >1 .*. .v. 

B3 *. 64 * • 
• * *. .* * • 

. * *CU* *. NO.* *cu- *. 
*. SERVICE .*<-------*. COMMAND .* 

*. OUT .* *. OUT .* 
*..* *..* 

* •• * * •• * i '" i YeO 

.v. .v. 
C3 *. C4 * • 

• * *. .* *. 
YES.* *cu* *. .* *CU* *. YES 

r--------------------*. STATUS.* *. STATUS .*----------, 

NOTE 6 v 

COMMAND CHAINING IS 
INDICATED IF SUPPRESS 
OUT IS UP AT THE 
CONTROL UNIT AT THIS 
TIME. 

:****E 1 *********! 
* *CU* * 
* DROP 
* STATUS IN : 

***************** 

I 1< 
NOTE 1 .v. 

F2 * • 
• * *. 

YES.* *CU'" *. 
*. SELECT .* 

*. OUT .* 
*. .* 

* •• * r 
• v. 

G2 *. 
• * *. 

.* *CU* *. NO 

*. IN.* *. IN .* 
*..* *..* 

* •• * * •• * 
* NO * NO 

NOTE 6 v 

DATA. IF INBOUND. 
WAS ACCEPTED. 

DATA. IF OUTBOUND. 
WAS ON BUS OUT. 

THE CONT ROL UN IT 
PROCESSES ANY 
OUTBOUND DATA. 

:****E3*********: 
* *CU* * 

DROP 
SERVICE IN 

* ***************** 

I 

STOP IS 
RECOGNIZED 
BY THE 
CONTROL 
UNIT. 

NOTE 6 v 

STACK IS 
RECOGNIZED 
BY THE 
CONTROL 
UNIT. 

:****ES*********: 
*CU* * 
DROP * 

STATUS IN 

NOTE 1 .v • 
G5 *. 

.* * • 
.* *CU'" *. YES 

*.FORCED BURST .*----------, 
*.OPERATION.* 

<;J 
*. SELECT .* 

*. OUT .* 
*. .* * ..... 

j''' 
• v. 

H2 * • 
• * *CU'" *. 

v NO .*CHANNEL END*. YES 
*. TRANSFERRED .*-----------> 

*. .* 
*. .* 

"'a ... _* 

v 
:****J3*********: 

*CU* 
* DROP * 
:OPERATIONAL IN : 

***************** 

~--------------------> 
v 

***** *08 * 
* 83* 

Flow Diagram 6. Response to Stack/Stop/Accept 

* * 
* 

*. .* 

THE FALL OF OPERATIONAL IN 
COMPLETES THE CONTROL-UNIT 
PORTION OF THIS SIGNAL SEQUENCE. 
THE CONTROL UNIT NOW WAITS 
FOR A NEW COMMAND OR A 
NEED FOR SERVICING. 

NOTE 1 

ALL MENTION OF SELECT OUT ASSUMES 

* •• * * NO 

PROPER OPERATION OF HOLD OUT AS WELL. 
THUS. SELECT OUT UP MEANS SELECT OUT AND 
HOLD OUT UP. AND SELECT OUT DOWN MEANS 
EITHER SELECT OUT OR HOLD OUT DOWN. 

NOTE 6 

THE BYTE ON BUS OUT NEED NOT BE VALID 
AFTER THE FALL OF THE IN TAG. 
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***** 07J3 
*OB * 
* B3* 

.. * 
* 

.!:;J 63 *. .... . . 
• * (CHl ". YES 

...... STATU IN ... ~ 

*. .* 
'* •• * 

""'!:;J~ .. 
• " (CH) *. YES 

". SERVICE IN ." 
*. .* 

*. .* 
* •• * 

j"' 
.v. 

03 * • 
• * *. 

A CHANNEL MAY NEED 
TO TEMPORARILY HOLD UP 
DATA TRANSFER. IT MAY 
ACCOMPLISH THIS BY 
RAISING SUPPRESS OUT. 

~.:: .. !:::~:~ .. ::~ 
E&·V.*. E4.

v:;J. 
.* CH) *. .* -. 

." ATA *. YES .* (CH) *. YES 
*. TRANSFER .*1 *. OPERATIONAL .* 

OPERATIONAL IN MUST 
FALL PRIOR TO DROPPING 
COMMAND OUT TO PREVENT 
THE STATUS FROM BEING 
PRESENTED AGAIN. TO BE EFFECTIVE. SUPPRESS 

OUT MUST RISE AT LEAST 
250 NSEC PRIOR TO THE 
FALL OF SERVICE OUT FOR 
THE PRECEDING BYTE. 

*. STOPPED .* *. IN ." 
*. .* *. .* 

* •• * * •• * i '0 , i '0 

v v 
: ...... F2 ••••••• **: :" •• *F3.********: 

* .. (CH) 
DROP 

SERVICE OUT 

(CH) 
DROP 

COMMAND OUT 
* 

* .. ........ *........... *** ••••• * •.•• * •• ** 

THIS SIGNAL SEQUENCE 
IS COMPLETE. THE 
CHANNEL NOW WAITS 
FOR A NEW INITIAL 
SELECT I ON SEQUENCE 
OR A REQUEST 
FOR POLLING. 

1<---_,1 
.v. 

G3 * • 
• * -. 

NO.* (CH) *. YES 

1

'--------*· OPERATIONAL ·*----------.1 
*. IN .* 

*. ..--.. --
v v 

***** *** •• 
*01 * *09 * 
* .. B~* .... B:* .. 

F10\v Diagram 7. Response to Fall of Status/Service In 

C-B 

THE CHANNEL ASSUMES A 
BURST-TYPE SEQUENCE AND 
WAITS FOR FURTHER CONTROL
UNIT ACTIVITY. 



NOTE 4 

THE BYTE ON BUS OUT MUST HAVE BEEN 
VALID FOR AT LEAST 100 NSEC PRIOR TO 
THE RAISING OF THE OUT TAG. 

***** 08G4 
*09 * 
* 64* 
* * * 
>1 

NOTE 4 .\1. 
B4 * • 

• * -. 
YES.* *CU* *. 

1
--*. SUPPRESS .* 

*. OUT .* 
*. .* 

* •• * * NO 

.\1. 
C3 * • 

• * *. 
YES.* *CU* *. 

*.FORCED BURST .* 
*.OPERATION.* 

*. .* 
* •• * 

j" 
NOTE 1 .\1. 

03 *. 
• * *. 

.* .CU* *. NO 
*. SELECT .*--------------

*. OUT .* 
*. .* 

* •• * 

L---------,i '" 
.•. .v. 

E2 *. E3 * • 
• * -cu* *. .* *CU'" •• 

YES .* HAS FIRST *. YES.* IS THIS *. NO 
--------------*. BYTE BEEN .*<-------*.SUPPRESSA8LE .*,-------------

*TRANSFERRED* *. DATA .* 
*..* *..* 

* •• * * •• * 
* NO * 

I THE FIRST DATA BYTE 
IS OPTIONALLY SUPPRESSABLE • • \1. 

F2 * • 
• * -. 

YES.* *CU* *. NO 
------*. SUPPRESS • *-------------

*. OPTION .* 
*. .---.--

> 

NOTE 1 . *. .*. . v. 
G2 *. G3 *. G4 * • 

• * *. .* *cu. *. .* *cu- •• 
YES.* *CU* *. NO.* STATUS *. NO.* DATA *. 

<:--------------*. SELECT .*<-----*. TRANSFER .*<-------*. TRANSFER .* 
*. OUT .* *. READY .* *. READY .* 
*..* *..* *..* 

* •• * * •• * * •• * 

... NO .i.NO · '" .i.'" 
H 1 ... • H2 ... • H4 ... 

• * -cu* *. .* *. .* * • 
• *CHANNEL END*. YES.* *CU* *. NO.* *CU* *. 

*. TRANSFERRED .*<----*.FORCED BURST .* *. INBOUND .* 
*. .* *.OPERATION.- *. DATA .* 
*..* *..* *. .* 

* •• * * •• * * •• * i '" ,i NO i '" 
THIS COMPLETES THE 
CONTROL-UNIT PORTION 
OF THIS SIGNAL SEQUENCE. 
THE CONTROL UNIT NOW 
WA ITS FOR A NEW 
COMMAND OR A NEED 
FOR SERVICING. 

NOTE 5 

\I 

*****J2********** 
* *CU* * 
* DROP * 

OPERATIONAL * 
IN 

********j******** 

\I 

***** *06 * 
* A4* 

THE BYTE ON BUS IN MUST BE VALID 
WITHIN 100 NSEC AFTER THE RAISING 
OF THE IN TAG. 

* * 

NOTE 5 \I 

*****J3********** 
* *CU* * 
* STATUS BYTE * 

TO * 
BUS IN * 

* * ***************** 

NOTE 5 \I 

*****J4********** 
* *CU* * 

DATA BYTE * 
TO 

* BUS IN 
* * ***************** 

NOTE 1 

ALL MENTION OF SELECT OUT 
ASSUMES PROPER OPERATION 
OF HOLD OUT AS WELL. THUS • 
SELECT OUT UP MEANS SELECT 
OUT AND HOLD OUT UP. AND 
SELECT OUT OOWN MEANS 
EITHER SELECT OUT OR 
HOLD OUT DOWN. 

GO TO RAISE STATUS OR 

Flow Diagram 8. Burst Mode Waiting Loop 

L-___________ > SERVICE IN. 
\I ..... 

*05 * 
**C~* 

* 
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Address I,.., 

ComMand Out 
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Sus OUI (9 Lir>F>s·' 

Sequence Chart 1. Selector Channel Operation 
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------~I~---~~~ 

(Valid 

l- Chain:ng 
tndiccted 

( 1/ II 

14------------------------ ,",ormal O,.Jtpur Operation (Control Unif Forced Burst I\~ode' -------------------------..! 

~ote: The e"lcirc!ed dot rC!) is used i'l the 
sequence c"":art to indicate rhe c~ecking 
0': t""lO' signol1s level beFor\!' proceeding. 
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'rol Unit Forced Burst Mode' ---------------------------.1 

Sequence Chart 2. Control Unit Forced Burst Mode - Multiplexer Channel 
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Note' The encircled dot Ie!) is used ir, ·"le 

sequence c:,ort to indicoh~ the checking 

of that signaPs level before pt'"oceedil"1g. 
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---------- M,I,;p,", 0pe!ctioo-------------------------~-------------_____., .. 1 

Sequence Chart 3. ~1ultiplexing Operation on ~1 ultiplexer Channel 
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