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IBM 2701 Data Adapter Unit 

Principles of Operation 

This manual provides information concerning the operation of the 
IBM 2701 Data Adapter Unit. The manual is divided into three 
sections. 

The first section gives a general description of the 2701, includ
ing: the terminals operating with the 2701, the functional organi
zation of the 2701, the special features on the 2701, and various 
configurations of the 2701. 

The second section describes the operation of the 2701 with 
the System/360. Subjects discussed here include communication 
line addressing, multiplexor and selector channel operation, and 
I/O instructions concerning the 2701. 

The third section covers the 2701's transmission adapters. A 
complete description on the operation of each adapter is made 
here. This description includes transmit and receive operation 
sequences, status and sense bytes, and the polling and addressing 
of the terminals. 
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IBM 2701 Data Adapter Unit 



The IBM 2701 Data Adapter Unit greatly expands the 
input/ output capabilities of the IBM System/360 
( frontispiece). The 2701 provides for the connection 
and control of the information How of a variety of re
mote and local external devices with an IBM System/ 
360 (Figure 1). These devices are divided into three 
types: 

COMMUNICATIONS - START/STOP 

IBM 1030 Data Collection System 
IBM 1050 Data Communication System 
IBM 1060 Data Communication System 
IBM 1070 Process Communication System 
AT&T 83B2/83B3 Type Selective Calling Terminals 
Western Union Plan 115A Terminals 
Common Carrier TWX Stations (8-level code) 
European Teleprinters (WT attachment) 
2848 Display Controls with 2260 Display Stations. 
2740 or 2741 (without interrupt feature) 

Communications Terminal 

COMMUNICATIONS - SYNCHRONOUS 

IBM 1009 Data Transmission Unit 
IBM 1013 Card Transmission Terminal 
IBM 7701 Nlagnetic Tape Transmission Terminal 
IBM 7702 Magnetic Tape Transmission Terminal 
IBM 7710 Data Communication Unit 
IBM 7711 Data Communication Unit 
IBM 7740 Communication Control System 
IBM 7750 Programmed Transmission Control 
IBM System/360 with similarly equipped 2701's 

DATA ACQUISITION AND CONTROL 

Parallel Data Devices 
Contact Sense Terminals 
Contact Operate Terminals 
Serial Synchronous Terminals 

The IBM 2701 can be attached to either the multi
plexor or selector channel of the System/360. With the 
second channel interface feature, the 2701 can be at
tached to another channel on the same processor 
(multiplexor or selector) or to a channel on another 
processor. This means that different terminal devices 
on the 2701 can operate via the multiplexor channel or 
the selector channel. However, once a terminal device 
is assigned to a channel, it will operate only via this 
channel. 

Functional Sections 
The 2701 Data Adapter Unit provides for the on-line 
attachment of various input/output devices to any of 
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the System/360 processors. All necessary bit-byte, 
word-byte conversion, data control, and interface 
matching is accomplished by the two functional sec
tions of the 2701: the transmission interface converter 
( XIC) and the transmission adapter (XA). 

The XIC and XA operate as a couple which provides 
a single complete path for the operation of the term
inal devices with the channel (Figure 2). In a 2701 
which has more than one XIC-XA couple, the XIC is 
logically the same for each couple; the XA changes, 
according to the type of terminal devices attached. 
A minimum 2701 configuration contains one XIC-XA 

couple. With the use of special features, the 2701 can 
have up to three more XIC-XA couples. See "2701 Con
figuration" section and Figure 3. 

Transmission Interface Converter (XIC) 

The XIC operates with the I/O interface; stores the 
status, sense, and command bytes; decodes the trans
mission adapter I/O address; develops and checks the 
parity of the data transfers with the I/O channel; re
sponds to specific control unit commands; and operates 
with the transmission adapter. 

Transmission Adapter (XA) 

The transmission adapter contains the circuits neces
sary to perform the functions associated with a given 
external device or class of terminal devices, such as 
interface control, parity decoding, character and char
acter sequence recognition, data buffering and byte 
conversion, and status and sense byte generation. 

Special Features 
The special features fall into two major classifications. 
There are some special features on the 2701 which 
affect all the transmission adapters, whereas others 
are on a particular transmission adapter and affect 
only that adapter. Only the former will be discussed 
in this section. The special features for the transmission 
adapter will be found in the following sections, in 
which the various transmission adapters are discussed. 

Expansion Feature 

This feature provides an additional XIC function for 
the attachment of another XIC-XA couple. The only 
circuitry in common with the first XIC-XA couple is 
the power supplies and the I/O channel interface 
drivers, terminators, and receivers. This sharing of the 
interface circuitry allows additional XIC-XA couples to 
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be added without decreasing the total number of addi
tional control units allowable on the 110 channeL With 
the expanded capability feature, up to three expansion 
features are available in the same 2701. 

Expanded Capabiiity Feature 

The expanded capability feature provides for addi
tional XIC-XA couples within the 2701. The expanded 
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capability feature doubles the capability of the 2701. 
For example, with the use of an expansion feature, two 
communication start/stop transmission adapters may 
be housed within the 2701. The expanded capability 
feature allows for two additional communication start 
/stop transmission adapters with their respective ex
pansion features to be housed within the same 2701. 

Second Channel Interface Feature 

The second channel interface feature allows for one 
or more of the XIC-XA couples to be operated on a 
second channel from the other couple in the 2701. This 
second channel may be another channel on the same 
processor (for example, the 2701 basic unit connected 
to the multiplexor channel and the second channel 
interface feature connected to the selector channel) or 
to a channel on a second processor. The extreme would 
be to connect the second channel interface feature 
to the same channel as the 2701 basic unit, but this 
would serve no useful purpose and would unneces
sarily reduce the number of additional control units 
on that channel from seven to six. Once an XIC-XA 

couple is assigned to one or the other channel, it will 
operate only on that channel; ,there is no capability to 
switch from one to the other. 

Auiomaiic Call Feaiure (ACF) 

The automatic call feature is valid only with some of 
the communications start/stop adapters. This feature 



allows the terminal device to be dialed, under program 
control over common carrier switched dial networks. 
The ACF almost falls into the category of special features 
which affeot only the particular transmission adapter; 
however, the automatic call feature affects the total 
number of XIC-XA couples allowable in the 2701 and is, 
therefore, discussed here. See the configuration section 
for further details. 

2701 Configuration 

The 2701 configuration is made up of the following 
units and features: 

2701 basic unit 
Transmission adapter 
Expansion feature 
Expanded capability feature 
Second channel interface feature 

Figure 3 shows the maximum 2701 configuration, using 
all of the above units and features. This configuration 
has four transmission adapters, two per gate. As will 
be shown below, this configuration is not possible with 
every transmission adapter. 

The 2701 basic unit supplies the frame, covers, 
power, a logic gate, and a transmission interface con
verter (XIC). To complete the XIC-XA couple, a trans
mission adapter must be obtained. The other units and 
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features are described in the transmission adapter and 
the special features sections. 

Some 2701 transmission adapters require more physi
cal space than others in the 2701 frame. The use of 
these adapters restricts the number of the other XIC-XA 

couples housed within the same 2701. As an aid in 
specifying the configuration capabilities of the 2701, 
the transmission adapters have been grouped into three 
categories (Figure 4). 

The 2701 basic unit gate can accommodate up to two 
category I adapters, one category II adapter, or up to 
two category III adapters. Adapters from different 
categories cannot be housed on the same gate. 

The use of the expanded capability feature gate 
doubles the number of transmission adapters the 2701 
can accommodate. Again, up to two category I adapters, 
one category II adapter, or up to two category III 

adapters can be accommodated on this gate. The trans
mission adapters on the expanded capability feature 
gate can be from the same or a different category as 
the adapters on the 2701 basic unit gate. 

Expansion features must be obtained for each trans
mission adapter after the first. As mentioned earlier, 
the automatic call feature, when ordered on the com
munications start/stop adapters, reduces by one the 
allowable number of category I adapters. The auto
matic call feature, when ordered with the communica-

I 
I 
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tion synchronous adapter, does not have this restrict
tion. 

When more than one automatic call feature are 
required, this restriction applies only with the first. 

For example, the first communication - start/stop 
adapter (category I) with an automatic call feature 
completes a gate. The expanded capability feature 
must be obtained in order to add more adapters. With 
the expanded capability feature, in this case, two ad
ditional adapters from catgory I can be attached, and 
both adapters can also have the ACF. (The example 
could just as well have shown one category II or two 
category III adapters on the expanded capability gate. 

The second channel interface feature connects an 
XIC-XA couple on the expanded capability feature gate 
to a second channel. When more than one XIC-XA couple 
are ordered on this gate, one or both couples can be 
connected to the second channel. For example, refer 
back to Figure 3. In the figure one XIC-XA couple on 
the expanded capability feature gate is shown con
nected to the second channel, and the other is shown 
connected to the same channel as the XIC-XA couples 
on the 2701 basic unit gate. Both XIC-XA couples on 
the expanded capability feature gate could just as well 
have been shown connected to the second channel. 
When the second channel interface feature is not 
obtained, all the XIC-XA couples housed within the 
2701 are connected to the same channel. For further 
details on the configuration of the 2701, see the IBM 
System/360 Data Communications and Acquisition 
Configurator, Form A22-6824. 



Line Addressing 
To the IBM System/360, the 2701 appears as a control 
unit. Each 2701 may house up to four XIC-XA couples. 
Up to eight 2701's can be attached to each I/O channel, 
with each 2701 taking the place of one control unit 
otherwise attachable to that I/O interface. Each XIC-XA 
couple within a 2701 is identified by a unique I/O 
address that is specified by an II-bit binary number. 
This number is specified by the address field of the 
start I/O instruction; the three high-order bits of the 
field specify the channel; the next eight bits specify 
the terminal device attached to the 2701. For more 
information concerning I/O unit addressing, see "Input! 
Output Operation," IBM System/360 Principles of 
Operation, Form A22-6821. 

NOTE: Even when more than one terminal device is 
connected to an XIC-XA couple, only one I/O address 
exists. Addressing beyond this must be accomplished 
by other means. See transmission adapter section for 
specific details. 

270J -Channel Operation 
The 2701 connects to and operates with the multi
plexor or selector channel via the I/O interface. This 
interface consists of byte-buses for commands, ad
dresses, data, or status; channel interlock controls; and 
interface scanning signals. The scanning signals and 
interlocks establish priorities among the different 2701's 
and other control units attached to the I/O channel 
and among the XIC-XA couples within each 2701. 

On either the multiplexor or selector channel, an I/O 
operation is initiated by a program command given by 
the channel and accepted by the control unit. The I/O 
device addressed cannot be addressed again until the 
2701 presents the terminating status to the channel. 

The 2701 operation on the multiplexor channel 
differs slightly from its operation on the selector chan
nel. Each type of channel operation is discussed below. 

Multiplexor Channel Operation 

When connected to a multiplexor channel, the 2701 
can operate in one of three modes: byte, multiple hyte, 
or burst. 

Byte i\lode: The 2701 releases the I/O channel after 
initial selection, after transferring each byte of data, 
and prior to presenting the terminating status. 

j\lultiple Byte: The 2701 releases the I/O channel 
after initial selection and after each data word is 
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transferred. (A data word is defined here as the num
ber of bytt;s buffered in the transmission adapter.) The 
data word length varies, for different transmission 
adapters, from two to eighteen bytes. The channel 
is also released after the transfer of the last data word 
and prior to the presentation of the terminating status. 
See "System Considerations" for details. 

Burst Mode: The 2701 maintains control of the 
multiplexor channel from initial selection until after 
the presentation of terminating status. Burst mode may 
be obtained as a wiring option on the XIC. Neither the 
transmission adapter nor the channel has any control 
over the selection of one or the other modes of opera
tion once the XIC is so wired. 

If the XIC is wired for burst mode, the mode of opera
tion is the burst mode. If the XIC is not so wired, the 
transmission adapter has the ability to force the opera
tion to be in the multiple byte mode. The capability 
to force multiple byte mode is designed into only those 
adapters that have registers to buffer multiple bytes of 
data. If the transmission adapter is so designed, opera
tion will be in the byte mode. See helow. 

ADAPTER MODE WIRE OPTION RESUL TING MODE 

Byte Nonnal Byte 
Multiple byte Normal Multiple byte 
Byte Burst Burst 
Multiple byte Burst Burst 

Selector Channel Operation 

The selector channel always operates in burst mode. 
This mode is forced by the selector channel itself, and 
the 2701 has no control over it. In burst mode, the 2701 
will not release the channel from initial command 
selection until the entire operation is completed and 
the terminating status is presented. 

System Considerations 
The meaning and usage of the byte, multiple byte, 
and burst modes for multiplexor channel operations 
are explained here. The system designer can specify 
the operation to be either burst mode or normal (non
burst) mode. The system designer has no way of 
specifying between byte and burst mode. "7hile on the 
multiplexor channel, with the XIC set for normal mode, 
the transmission adapter determines whether the oper
ation will be in byte or multiple byte mode. A buffered 
transmission adapter, that is, an adapter which can 
immediately transfer multiple bytes of data with the 
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channel, operates in the multiple byte mode on the 
multiplexor channel. Adapters which are not buffered 
and must obtain each byte of data from the terminal 
device operate in byte mode. 

The main difference among the three modes of 
operation is the amount of interference the program 
and the channel encounter. Multiple byte mode in
creases the length of the program and the channel 
interference per data transfer over the byte mode, but 
significantly decreases the over-all program and chan
nel interference by decreasing the number of selec
tions required per message. For operations on the 
multiplexor channel, each time the channel performs 
a data transfer with a control unit, it must access the 
subchannel control word of the particular I/O adapter 
from storage; therefore, each access interferes with the 
program. The interference due to the actual data trans
fer is minimal compared to the access interference. It 
can be seen, therefore, that by reducing the number 
of accesses required per message, the processor inter
ference can also be reduced. As an example, the pro
cessor interference for a six-byte burst on the multi
plexor channel of the Model 30 is about one fourth 
the interference that would occur from transferring six 
bytes in the byte mode. The channel is unavailable to 
other devices for a longer time period when operating 
in the multiple byte mode than in the byte mode. How
ever, the total over-all interference is less. The longer 
time period of unavailability may be intolerable for 
real-time device requirements. Therefore, channel in
terference must be considered. Channel interference 
is measured from a control unit standpoint. The system 
designer has to know the maximum length of time 
that the control unit must wait between two successive 
data transfers. For proper operation of the control 
unit, the maximum time should be such that the prob
ability of losing data is minimal. When determining 
the maximum channel interference caused by any 
control unit, the time to do command chaining with 
a transfer in channel operation must be comnared to 
the time required to perform the longest data ~r status 
transfer. The longer of the two is the maximum inter
ference. 

For 2701 XIC-XA couples which operates in byte 
mode, the time needed to perform the command chain
ing operation will be longer than the time required 
for a data transfer. For XIC-XA couples that operate 
in the multiple byte on burst mode, the time required 
for the data transfer may exceed the time required to 
command chain. This time should be calculated for 
each case. 

The multiple byte mode, as opposed to the burst 
mode, reduces the maximum channel interference by 
releasing the channel after accepting the initial status 
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and prior to presenting the terminating status. To 
further reduce channel interference, transmission 
adapters which have data word lengths greater than 
six bytes have the capability of being started at six
byte intervals. For example, a transmission adapter 
with 18 bytes in its data word can, under program 
command, be started at the first byte, the 7th byte, or 
the 13th byte. In this manner, if an I8-byte trans
mission presents too great an interference to the other 
control units on the channel, the programmer can limit 
the length of the multiple byte operation by the byte 
count in the channel command word. As a further 
example, consider a command with a byte count equal 
to six. When the 2701 attempts the transfer of the 7th 
byte, the channel will reject the transfer and signal 
the control unit to stop the operation. The 2701 will 
release the channel and at its next opportunity present 
the terminating status. The program can now cause a 
new command to restart the data transfer at the 7th 
byte (and later at the 13th byte). 

The burst mode of operation has the 2701 maintain 
control of the multiplexor channel from initial selec
tion until after the presentation of the terminating 
status. When operating on the multiplexor channel, 
burst mode should be used with the greatest of caution 
because it presents the greatest channel interference. It 
should only be used with transmission adapters which 
end after presenting each data word. When burst mode 
is used with transmission adapters, which present 
several data words prior to ending or when it is used 
with unbuffered adapters, processor interference must 
also be studied; for example, on the multiplexor chan
nels of Models 30 and 40, there is 100 percent pro
cessor interference when the data transfer is in the 
burst mode. 

110 Instructions 
The System/360 operates with the 2701 through the 
start I/O, test I/O, and halt I/O instructions. 

An I/O instruction executed by the CPU causes initial 
command selection and the transfer of a command 
byte to the addressed XIC-XA couple of the 2701. Com
mand chaining within the channel also causes selec
tion and transfer of a command byte. 

The command byte is decoded by both the XIC and 
the XA. A command which is successfully decoded by 
the XIC is operated on independent of the XA. An Xil.~

decoded command is operated on by both the XIC 

and XA. A command which is not successfully decoded 
by either the XIC or XA is rejected by the unit check 
bit being presented in the status b),te. 

The status byte returned to the channel in response 
to a command selection indicates the 2701's condition 
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and acceptance or rejection of the command. Figure 5 
presents the meaning of each possible status response 
for each of the 110 instructions. 

Start 1/0 
There are many commands which may be issued with 
the start 110 instruction or as a result of command 
chaining. Where the XIC-XA couple has neither a pre
vious command nor has outstanding status (status bits 
which have been set by either the XIC or the XA, but 
have not yet been accepted by the channel), and a 
valid start 1/0 command is decoded, all zero status 
will be returned to the channel. This indicates that 
the command has been accepted. 

The sense and 110 no-op commands are the only 
commands resulting from a start 110 instruction or a 
command chain that is decoded and operated on by 
the XIC. (The other valid commands are decoded 
within the XA.) Each XA type accepts a different set 
of commands. Commands with the same bit structure 
may be defined differently for each type of adapter; 
therefore, only the sense command will be discussed 
here. The other commands will be discussed in later 
sections. 

After completing transfer of the all-zero status byte, 
which indicates the 2701's acceptance of the sense 
command, the XIC transfers the sense byte to the chan
nel and then presents terminating status with the de
vice end and channel end bits on. 

~ 
I 

Commands Start I/O 

Status 
Response I/O No-Op Other 

All Zeros 4 1 

,i} 2 

} Busy { ~ 5 
{ ~ or 

6 
or 

10 
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and 
Status Register* 

7 

Status Register* 1 4 

3 

Unit Check 4 2 

8 

* The "Status Register" is defined here as an outstanding status 
within a control unit excluding the busy bit (that is, up to 7 bits). 

Figure 5. Status Responses to Instructions and Commands 
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The definition of the bits within the sense byte de
pends upon which adapter is being used with the 
XIC. The sense bits are defined in the following sections, 
which cover the various adapters; however, bits 0 and 
2 are reserved for the XIC: 

Bit 0 - Command Reject. 
This bit is set during an initial selection or com
mand chain sequence when a command byte is not 
successfully decoded by either the XIC or the XA. 

Bit 2 - Bus Out Check. 
This bit is set whenever the XIC detects a parity 
error on the transfer of a byte from the channel 
over the bus-out lines. 

The register within the XIC that holds the sense byte 
is reset by the XIC-XA couple's acceptance of a start 1/0 

command other than sense and 1/0 No-Op. 

Test 1/0 
Through the test 110 instruction, the CPU can address
ably obtain the current status byte from any XIC-XA 

couple. 
D pon decoding the test 110 command, the XIC pre

sents the contents of the status register. The test 1/0 

command ends with this status transfer. The accept
ance of this command does not reset the sense register 
in the XIC. 

Halt I/O 
When operating on a command and upon detection of 
a halt 1/0, the XIC-XA couple will not transfer any 
further data, and will be "busy" to any further com-

l. Command accepted 

2. Command re jected 

3. Command successfully terminated 
with status response 

4. Status response inval id for th is 
command 

5. Previous command outstanding 

{ ~ 6. No outstanding status 

7. This status response is valid when 
the "Status Register" contains only 
the device end and channel end 
status 

8. Invalid command 

9. A reset is being performed 

10. This command should not have 
gotten past channel 

Operational Functions 11 
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mands until terminating status is accepted by the 
channel. Terminating status is presented to the channel 
as soon as possible; otherwise the XIC-XA couple will be 
immediately available. 

Programming Considerations 
From a programming standpoint, the 2701 appears 
as a number of individual devices (one to four). 
When an operation or a sequence of operations is to 
be performed, the programmer prepares a list of one 
or more channel command words (channel program) 
in main storage. The channel command word signifies: 

1. The command (operation) to be performed: 
write, dial, read, etc. 

2. The number of bytes in the record. 
3. The initial address in main storage where the 

data should be placed when receiving, or the address 
of the first byte to be transmitted when sending. 

4. Channel Hag information indicating that another 
channel command word is to be executed when the 
current operation is terminated. 

When the channel command words have been 
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formed, the programmer specifies the channel and ad
dress of the XIC-XA couple. The execution of a start 
110 instruction causes the command, count, data ad
dress, and control information to be stored in a speci
fied subchannel in the multiplexor channel or in the 
register in the selector channel. The channel then se
lects the 2701's XIC-XA couple, and presents the com
mand to it. The 2701 accepts the command if valid. 
The channel then indicates successful or unsuccessful 
execution of the start 110 instruction to the program
mer. Once the command has been accepted by the 
channel and the 2701, the CPU program is unaware 
of the continuance of the operation until all the data 
has been received or transmitted, or until the channel 
needs program intervention to perform functions such 
as dynamic storage allocation. Because the channel 
contains all the necessary information pertaining to 
the current operation, data transfer between main 
storage and the XlC-XA couple can be overlapped with 
CPU processing. The extent of the overlap varies, de
pending on the type of channel (multiplexor or selec
tor) and the processor model (30, 40, 50, 60, or 70) 
of the System/360. 



The transmission adapter (XA) provides for the con
nection and operation of remote and local devices 
with the System/360. The 2701 obtains its personality 
from the transmission adapter it houses. Each trans
mission adapter provides for the 'attachment and 
operation of a particular device or class of devices 
with the 2701. The transmission adapter contains the 
circuitry and logic for the control of a terminal de
vice, the buffering of the data How, the decoding of 
the program commands, and the connection to and 
operation with the XIC and the I/O channel. 

Transmission adapters used in the 2701 are classi
fied into one of three types: communications-start/stop 
adapters, communications synchronous adapters, and 
data acquisition and control adapters. 

Communication-Start /Stop Adapters 
Start/stop adapters for the 2701 include the following: 
IBM Terminal Adapter-Type I, IBM Terminal Adapter-

I Type II, IBM Terminal Adapter-Type III, Telegraph 
Adapter-Type I, Telegraph Adapter-Type II, IBM Tele
graph Adapter, and the World Trade Telegraph 
Adapter. The operation of the 2701 start/stop adapters 
with the remote terminals requires various types of 
communications facilities and data sets (Figure 6). Fig
ures 7 and 8 list the 2701 start/stop adapters and the 
terminals that may be operated with each. Also listed 
are the communications facilities and data sets re
quired for the operation. 

Programming Considerations 
For those communication-start/stop terminals (1030, 
1050, 1060, 1070, etc.) which can operate with both 
the 2701 and 2702, the operation programs used are 
identical. However, this compatibility does NOT extend 
to diagnostic programs. 

Commands 
The communications-start/stop adapters decode and 
execute the commands listed below. Some cOplmands, 

2701 
Data Adapter Unit 

Interface 

2701 
Dato Set 

Communication 
Facility 
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Transmission Adapters 

such as read, write, and inhibit, are valid for all adap
ters; other commands, such as dial and search, are 
valid only for certain ones. The commands used by 
each type of adapter are listed in the section for that 
adapter. Binary representation of each command is 
given in Figure 9. 

Read: This command causes bytes to be transferred 
from the communication line to the channel at a data 
rate equal to that of the communication line. 

Write: This command causes bytes to be transferred 
from the channel to the communication line at a data 
rate equal to that of the communication line. 

Inhibit: This command performs the read operation 
but inhibits the time-out function. Otherwise, the 
operation proceeds as if a read command had been 
issued. 

Break: This command causes the 2701 to transmit 
continuous space signals to the line. Bytes transferred 
from the channel to the addressed unit must all be 
zeros. To provide control over the length of a space 
signal, a byte count must be specified by the program. 

Prepare: This command can be used in a contention 
type communications system to indicate (to the cpu) 
that data are arriving. When a valid start bit is de
tected while the XIC-XA couple is operating upon a 
prepare command, the command is terminated with a 
device end, channel end status. Prepare can be 
command-chained to a normal read command. No 
data transfer occurs with this command, and timeout 
is not active during its execution. 

Search: This command causes the 2701 to react as 
though a read command has been issued, but data are 
not transferred to the channel. The data line is moni
tored for an EOT (end of transmission). Line timeout 
is active during the execution of this command. This 
command is valid only for the Telegraph Adapter
Type I. 

Terminal 
Data Set 

Terminal 

Figure 6. Terminal Connection via Data Sets and Communications Facilities 
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Terminal 

1050 Data Communication Syst"m 
105! Contra! Unit Modell or 2 

1051 Control Unit Model 1 or 2 
with Telellraph Attachment '7873 

1051 Control Unit Model I or 2 
with line Adopter '4790 

1060 Data Communication System 
1061 Cont,OflJnftl\iIodel I or I-

1061 Control Unit Model I or 2 
with line Aclapter '4790 

1030 Data Collection ~stem 
I OJ I A Input Station 

I OJ I A Input Station 
with Cammon Carrier Adapter '2068 

~7~0~;~:t~rJn,::,I=sl System 

r-- 1071 Control Unit Modell 
with Line Adopter 14792 

1071 Control Unit Model·2 

1071 Control Unit Model 2 
with line Adapter '4793 

2740,2741 
Communications 
Terminal 

I 
I 
I 

2710/27 .. 1 

I with IBM 
Une Adopter I I 

Communication Facility 

Common Cor,i", Switched 
Telephone Network 

Common Carrier Switched (1.50 loud. 
Tel.typewrlt., E"chonge (TWX) 
N.twor~ 

Cammon Carrl.r lea .. ct !'rlvate 
line Tel.phon. Servlc. 
W .... m Union ClaM 0 (l1IO loud) 
Channel 

Telephon. Company Sch.dule 3A 
Data Channel. (150 loud) 

Telephon. Compony Schedule J 
or We.tem Union Cia .. C Channels 
(62.5 me Neut,al SllInel) 

.. 

Common Ca",er lea .. d POrlva'e 
relephone Service 
Westem Union Clan 0 (180 laud) 
Channel 

telephon. Company Schedule 3A 
Data Channell (150 laud) 

.. 

.. 
Common Carrier leased Four-Wire 
Full Duple" Private relephone 
Servlc. 
West.m Union Clall E 
Channel 

Common Carrier leased Private 
line Tel'phone Service 
W •• tern Union Clall 0 (180 Baud) 
Chann.1 

.. 
Common Carrier le .. sed Four-Wlra 
Full Duple" ~Ivate Telephone 
Service 
Wlltern Union Cia .. E 
ChQnnel 

.. 
Cammon Carrier 
Switched Telephon. 
Network 

Common Co mer 
Switched 
TWX Nerwo';' (i5O 8aud) 

Weltem Union 
Clau 0 Data Channels 
(ISO /laud) 

Telephon. Company 
Schedule 3A 
Channels (1.50 loud) 

Common Co,rl., 
lea"d "rlvate 
Line Telephone Service 

Western Union 
Clau E Chonnels 
Privately Owned 
Communieotlan 
facUlties I 

I 

Terminal Data Set • 2701 Data Set • 

West"m E!ectric Western Electric 
103A2 103A2 

We.tem Electric Wellem Electric 
103Al 103AI 

We.tem ~Iectric Wettern Electric 
1031'2 1031'2 

w.st.m Union Westem Union 
Data Set 11 72'A Data Set 1172'A 

An appropriate chann.1 
termination provided 
by the Telephone Company 

Not Required Not Required 

Not R.qulred Not Requlr.d 

Western Electric Weltem Electric 
103F2 103F2 

Wlltem Union Wettem Union 
Data Set 11725A Dato Set II 72'A 

An appropriate channel 
termination provided 
by the Telephone Company 

Not Required 

Not Required 

Western Electric 
20201 

Western Union 
1601 A 

Weltern Electric 
103F 

Western Union 
Data Set I 172SA 

Not Required 

Westem Electric 
20201 

Weltern Union 
1601 A 

Not Required 

Western 
Electric 
103A2 
Westem 
Electric 
iOJAi 

Western 
Union 
II72SA 

i 

Not Required 

Not Required 

Weltern Electric 
20201 

Wlltern Union 
1601 A 

We.tern Electric 
I03F 

Westem Union 
Data Set 11725A 

Not Required 

Weltern Electric 
20201 

Wettern Union 
1601 A 

Not Required 

Westem 
Electric 
103A2 
Western 
Electric 

'V~"'" 

Western 
Union 
IlllSA 

An appropriate channel 
termination provided by 
the Telephone Company 

Weltern Electric Westem Electric 
103F2 103F2 

Westem Union Westem Union 
160IA 160IA 

Not ~.qulr.d Not Required 

I 

Spe"d 

134.49 loud 

14.8 Char/Sec 

75.0 loud 

•. J3 Char /Sec 

134.49 laud 

1 .... Chor/Sec 

134.49 loud 

14.1 Char/Sec 

134.49 laud 

14.' Char/Sec 

600 laud 

60 Char/Sec 

600 laud 

60 Char/Sec 

134.49 Baud 

14.' Char/SIc 

134.49 laud 

14.8 Char/Sec 

600 laue! 

66.6 Char/Sec 

600 laud 

66.6 Char/SIc 

134.49 Baud 
14.11 Char/Sec 

• Figure 7. Attachable Terminals and Communications Facilities for Domestic Use (Communica
tions-Start/Stop Adapters) 
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2701 Adopte" 

IBM Terminal Adapter Type I 
'4645 

IBM Tel"graph Adopter 

laM Terminal Adopter Type I 
'4645 

11M line Adapter 
'4636 

laM Terminal Adopter Type I 
'4645 

11M Terminal Adapter Type I 
'4645 

11M line Adapter 
'4636 

11M Terminal Adapter Type " 
'4648 

11M line Adapter 
'4637 

11M Terminal Adapter Type " 
'4648 

IBM Terminal Adapter Type I 
'4645 

11M Terminal Adapter Type I 
'4645 

IBM line Adapter 
'4636 

IBM Terminal Aclapter Type I 
'4646 

IBM terminal Adapter Type I 
'4646 

IBM line Adopter 
'4637 

tiM Terminal 
Adapter Type 1 

'4645 



Terminal Communication Facility Terminal Data Set • 2701 Data Set * Speed 

2848 Control Unit Common Corrier Western We.tern 1200 80ud 
2260 Di.play Station Leased Private line Electric Electric 120 Char/See 

Telephone ServIce 20201 20201 

Western Western 2400 laud 
Electric Electric 2.0 Char/Sec 
201Bl 20181 

We.tem Union 2121A 2121A 1200 laud 
Clem E 120 Char/Sec 
Dota Channel. 

~, (Teletypewriter Exchange) 
Models 33 and 35 TWX Western Electric We.tem Electric a-level Code 
Terminal. Common Carrier Switched 103AI 103AI at 110 laud 

150 bps TWX Netwarko Only 

Other Terminals 
AT & T 8382/8383 Telephone Compony Schedule I Not Required. Not Required. .5.5 laud 
Terminal. Channels (., 8oud) 62.5 ma 62.5 ma 

Neutral Neutral 
dc loop: dc loop: 
Tip Negative, Tip Negative, 

Telephone Compony Schedule 2 Ring Pooitive Ring Positive 56.9toud 
Channeh (57 8oud) 

Telephone Compony Schedule 3 74.2 toud 
Channels (75 Baud) 

Western Union Plan 115 A Western Union Not Required. Not Required. 45.5 Baud 

Terminals Closs A Channel 
62.5 mO 62.5 rna 

Western Union Clos. B Channel. Neutral Neutral 56.9 Baud 
(57 Baud) dc loop: dc loop: 

Tip Negative, Tip Negative, 
Ring Positive Ring Positive 

Western Union Closs C Channels 7 •• 2 80ud 
(75 Baud) 

*Data Sets are those indicated or their equivalent. 

** Common Carrier leased Private line Telephone Facilities conforming to SRl Manual A24-3435 
or Privately Owned Two Wire Communication for limited Distance line Adopter II • 

• Figure 7. Attachable Terminals and Communications Facilities for Domestic Use (Communica
tions - Start/Stop Adapters) (continued) 
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2701 Adapter< 

IBM Terminal 
Adapter Type /II 
'.656 
IBM Terminal 
Adopter Type 1/1 
'.657 

IBM terminal 
Adapter Type III 
'.656 

Telegraph Adopter Type II 
'7885 

Telegraph Adapter Type I 
'7860 

Telegraph Adopter Type I 
'7861 

Telegraph Adopter Type I 
'7862 

Telegraph Adopter Type I 
'7860 

Telegraph Adopter Type I 
'7861 

Telegraph Adapter Type I 
'7862 

Transmission Adapters 14.1 



Terminal Communication Foell ity Terminal Doto Set 

1 050 and 1060 Data Communication Systems and 2740/2741 Communications Terminals 
1051 Control Unit Modell or 2 Common Carrier Leased Private 111M 3976 

1061 Control Unit Model I or 2 
line Telephone Service 

2740/2741 Communications Terminal 
1051 Control Un.t Modell or 2 
1061 Caritrol Unit Model lor 2 Not Required 

2740/2741 Commu~lcations Terminal ** 
with line Adopter 4790 

1070 Procell Communication System 
1071 Control Unit Model I Common Carrier leased Private 111M 3976 

line Telephone Service 

1071 Control Unit Modell 
with line Adopter '4792 .. Not Required 

1071 Control Un.t Model l Common Carrier leased Four - Wire IBM 3917 Model 1 

Private line Telephone Servke 

1071 Control Unit MOdel 2 
with line Adopter '4793 Not Required .. 

1030 Doto Collection System 
1031A Input Station 

Not Required .. 
1031 A Input Station Common Carrier leased Four - Wire 111M 39f7 Model I 
with Common Carrier Adopter '2068 Private Une Telephone Service 

--- ----~~-- ~-

2~8 Display Control Common Carrier leased Private IBM 3977 Model 1 
2260 Display Stallon line Telephone Service 

World Trade Teleprinters 
------ -

W T Teleprinter -- -- -----r Common Carrier Private line 
Telegraph Circuits (Double- Not Required 
Current Telegraph line,) 

!Teleprinter Common Carrier Private Line 
Telegraph Circuits (Slngle- Not Required 
Current Telegraph lines) 

*. Common Corrier Leased Private line Telephone Facilities conforming to SRL Manual A24-J435 
or Privately Owned Two Wire Communication for limited Distance line Adopter II • 

2701 Data Set Speed 

IBM 3976 134.4 Baud 

14.8 Char/Sec 

Not Required 

IBM 3976 134.4 Baud 

14.8 Char/Sec 

Not Required 

IBM 3977 Model 1 600.0 Baud 

66.6 Char/Sec 

Not Required 

600 llaud 
Not Required 

60 Chor/Sec 

111M 3977 Model 1 

IBM 3977 Model I 1200 Baud 
120 Char/Sec 

IBM 39(5 Model 11 50 Baud 

75 Baud 

IBM 3945 Model 12 50 loud 

75 8aud 
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2701 Adopters 

111M Terminal Adopter Type i 
'4645 

IBM Terminal Adopter Type I 
'4645 

IBM LIne Adopter 
'4636 

IBM Terminal Adopter Type I 
'4645 

IBM Terminal Adopter Type I 
'4645 

IB~~; Adopter 

IBM Terminal Adopter Type I 
'4646 

111M Terminal Adopter Type I 
'4646 

IBM line Adopter 
'4637 

IBM Terminal Adapter Type II 
'4648 

11M line Adopter 
'4637 

11M Terminal Adopter Type II 
'4648 

11M Terminal Adopter Type III 
'4656 

W T Telegraph Adopter 

W T Telegraph Adopter 

W T Telegraph Adopter 

W T Telegraph Adopter 

• Figure 8. Attachable Terminals and Communications Facilities for \VT Use (Communications - Start/Stop Adapters) 

Enable: This command conditions the 2701 to auto- munication line is isolated and does not receive this 
matically answer incoming calls. This has meaning data. This command is ended either by the XA rec-
only when operating on a dial network. ognizing a terminating sequence of data or by a stop 

Disable: This command deconditions the effect of signal issued by the channel. 
the enable command. The 2701 will disconnect a call Diagnostic Read: This command presents the byte 
( if one is in operation) and will not answer any further of data stored in the diagnostic register to the channel. 
incoming calls. This condition exists until an enable The comunication line is isolated and no data occuring 
command is given. on the line will be recognized by the XIC-XA couple. 

Dial: This command will be accepted by the 2701 
only when it has the automatic call feature. This com- Adapter Operation 
mand enables the automatic call feature to obtain dial Receive Operation 

digits from the processor. The dial command is ended 
when the call is either successfully completed or 
abandoned. 

Diagnostic Write: This command sends data to a 
diagnostic register. If more than one byte are trans
ferred, only the last byte remains stored. The com-

The receive operation is initiated when the XIC-XA 

couple accepts a read type command (read, inhibit, 
search) from the channel. Upon detection of a start 
bit, the XA prepares to receive a character. The char
acter, which is received one bit at a time, is assembled 
in a data register. When a full character has been as-

Transmission Adapters 15 



Bit Configurations 

P 0 3 4 5 6 7 

Read o 0 0 0 0 0 0 0 

Write o 0 0 0 0 0 0 0 

Dial o 0 0 0 0 0 

Break o 0 0 0 0 0 

Prepare 0 0 0 0 0 0 

Inhibit 0 0 0 0 0 0 

Search o 0 0 0 0 0 

Enable 0 0 0 0 

Disable o 0 0 0 

Diagnostic Read 0 0 0 0 0 0 0 

Diagnostic Write 0 0 0 0 0 0 

Note: Byte positions 0 and 1 must contain zeros; however, these posi
tions are ignored by the basic 2701 Data Adapter Unit. 

Figure 9. Communications - Start/Stop Adapter Commands 

sembled, the XA checks for special characters, checks 
for VRC, assembles the LRC (where applicable), and 
requests a data transfer to the channel. The channel 
has a minimum 2.1 bit time, which prevents losing a 
character. This response time is determined with the 
worst possible receive distortion. The stop bit is 
checked for, and, unless some terminating status con
dition occurs, the XA prepares to receive the next 
character. 

Line Time-Out 

A 28-second timeout between data characters is per
formed when the XA is operating on a read type com
mand other than inhibit. The timeout is used to prevent 
a communication line or terminal failure from going 
undetected. The timeout is started when the stop bit 
is received, and terminated when the next start is 
detected. If the timeout elapses, the command is term
inated, and the channel is notified of this occurrence 
through the status and sense bytes. Some transmission 
adapters also require a short timeout. 

Transmit Operation 

The transmit operation is initiated by the acceptance 
of a write command by a XIC-XA couple. The XA accepts 
a character from the channel and transmits it a bit at 
a time over the communications facilities. The XA in
serts the start and stop bits, checks for special char
acters, accumulates and transmits the LRC character 
(where applicable) and inserts shift characters (where 
applicable) . 

U niess some terminating condition has occurred, 
the XIC-XA couple will request a data transfer after the 
last data bit is sent to the communications line. '''hen 
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the data code requires one stop bit, there are 1.3 bit 
times for the channel to respond without elongating 
the stop bit time. When the data code requires two 
stop bits, the time is a 2.3 bit time. Although it de
creases the overall data rate, an elongated stop bit is a 
normal occurrence for start/stop transmission schemes. 

Status Byte 

The following terminating statuses may be presented by 
the communications-start/stop adapter to the channel: 

Device End, Channel End Status: Indicates that 
the current command has been brought to a normal 
end and the unit is free to accept another command. 

Device End, Channel End, and Unit Exception 
Status: Indicates that the current command has been 
brought to a successful conclusion and EaT (end of 
transmission) has been received, or a no response to 
a poll has been detected. 

Device End, Channel End, and Unit Check Status: 
Indicates that the current command has been ended 
with an unusual condition. A sense command must be 
issued to the addressed unit to further define these 
conditions. 

Device End, Channel End, Unit Exception, and Unit 
Check Status: Indicates that the current command has 
been ended by unusual conditions and an EaT or a no 
response to a poll has been received. A sense command 
must be issued to the addressed unit to further define 
these conditions. 

Sense Byte Definition 

The sense byte is transferred to the channel during 
the sense operation; definition of the bits as they are 
sent to System/360 storage is given below: 

() Command reject* 
1 Intervention required 
2 Bus out check* 
3 Equipment check 
4 Data check 
5 Overrun 
6 Receiving 
7 Timeout 

I ntervention Required is set when the following 
conditions exist: 

1. The attached data set, where applicable, has 
power off or is in test mode. 

2. An attached automatic calling unit, where ap
plicable, has power off. 

3. Continuous space signal has been received on 
a given communications line for more than one 
character. 

Equipment Check is set when a halt I/O is detected 
during a service cycle. 

Data Check is set during receive operations if: 
1. At stop time, the receive data sample is a space 

signal. 

*These bits are set by the XIC and arc not discussed here. 



2. If a parity or cyclic check error is detected. (Dur
ing transmit operations, this bit is set if an echo check 
is detected at the relay interface of a telegraph line 
adapter. ) 

Overrun is set during receive operations if a byte is 
lost because data service could not be obtained in time. 

Receivina is set whenever the addressed unit is en-t:> 

gaged in receiving data. The automatic call feature 
sets this bit when a dial command is issued to a line 
that is currently "off-hook." 

Timeout is set when the communications line time
out has elapsed. The automatic call feature sets this 
bit to indicate that the dial operation has not been 
successfully completed. 

Special Features 
Automatic Call Feature 

This feature enables the 2701 to originate calls on a 

I switched dial network by dialing through a Western 
Electric Automatic Calling Unit, or equivalent. This 
feature is not needed or used for handling the auto-
matic answering of calls on a switched network. The 
automatic call feature can operate with only certain 
types of transmission adapters and certain types of 
terminals attached to those adapters. Therefore, the 
capability for the automatic call feature will be dis
cussed in the sections covering the specific transmis
sion adapters and the terminals. 

To perform a dial operation, the programmer sets 
up the dialing number, one digit per byte, in an out
going message. The digit is represented in binary code 
in bits 4, 5, 6, and 7 of the byte. He then issues a 
dial command (a bit configuration is shown in Figure 
9), with a byte count equal to the number of digits 
to be dialed. The 2701, when it accepts the dial com-

I mand, presents the digits to the automatic calling unit 
for dialing. vVhen the call has been answered, the 
2701 presents the device end, channel end status to 
the channel. Command chaining then occurs to a 
read or write command, depending upon the opera
tion. If, for some reason, the call cannot be com
pleted, the 2701 presents the device end, channel end, 
and unit check status with the timeout bit set in the 
sense byte. 

ISM Line Adapter Feature 

The IBM Line Adapter Feature is available with only 
certain communications-start/stop adapters, and with 
only some of the terminals that operate with these 
adapters. The capability to operate with the IBM Line 
Adapter is stated in the sections covering the specific 
transmission adapters. The IBM Line Adapter is a 
modem that provides for the attachment of the 2701 
transmission adapter to customer-owned private tele
phone lines for distances up to 8 wire miles, conform-
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ing to IBM 1030 Data Collection System Physical 
Planning, Form A24-3021. 

Diagnostics 

2701 start/stop adapters each have a diagnostic regis
ter located on the 2701's side of the line drivers or 
relays that operate with the communication facilities. 
Through a diagnostic write command, data can be 
sent through the 2701's XIC-XA couple to the diagnostic 
register. The diagnostic register holds the start bit, 
the data bits, and the stop bit(s). If multiple bytes 
are transmitted under this command, only the last 
byte will remain stored in the register. Through a 
diagnostic read command, the contents of this register 
are sent back to storage for checking. The 2701 oper
ates on this byte as though it were being received from 
the communication line. The start bit is checked; the 
data character is checked for special character; the 
shift bit, if applicable, is added; the stop bit is 
checked; and the character is transferred to the 
channel. 

The use of the diagnostic commands allows a major 
portion of the 2701 circuitry to be checked out. The 
clocks, counters, registers, serializers, deserializers, 
etc. can be checked. Some of the decoding capabilities 
can be checked and the LRC generation circuitry can 
be checked. For example, with an IBM Terminal Adap
ter-Type I, the diagnostic write command can be 
used to transmit multiple bytes of data, the last byte 
being the EOB character. As will be explained in the 
section describing the IBM Terminal Adapter-Type I, 

the recognition of the EOB character causes the trans
mission adapter to transmit the EOB followed by the 
LRC character and then presents terminating status to 
the channel. The last character transmitted is the LRC 

character, which will reside in the diagnostic register. 
A diagnostic read command can then be given to bring 
the LRC character to storage for checking. On both a 
diagnostic read and diagnostic write operation, the 
communication lines are degated. In this manner, no 
data will be transferred to or from the communica
ti~n lines. There are other techniques peculiar to each 
type of adapter, such as special character generation, 
which is not discussed. 

Automatic Answering 

Automatic answering of incoming calls, a standard 
feature on the IBM Terminal Adapter-Type I and the 
Telegraph Adapter-Type II, allows the programmer 
to control the answering of incoming calls. When the 
programmer desires to allow the answering of in
coming calls, he issues an enable command to the 
2701. The SLI (suppress length indication) Hag is set 
in the associated channel command word. When a 
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call is answered, the enable command is ended, with 
the XIC-XA couple setting the device end, channel 
end status, Command chaining may be applied to 
either a write or a read command, depending upon the 
application, \ Vhen conditions change and the pro
grammer no longer desires to accept incoming calls, 
a halt I/O command is given to the XIC-XA couple 
which causes the device end, channel end status 
to be presented and the data set prevented from 
answering any further incoming calls. Once an en
able command is given, the data set remains condi
tioned to answer calls until either a halt I/O or disable 
command is issued. 

IBM Terminal Adapter-Type I 

The IB;\f Terminal Adapter-Type I enables the 2701 
to control data transfer between an IBM System/360 
and the following terminals: IBM 1050, 1060, 1070, 
2740, and 2741 (without interrupt feature) terminals 
at 14,8 characters per second (134.49 bps) or the IBM 

1070 at 66,6 characters per second (600 bps.) Figures 
7 and 8 illustrates the data sets and communications 
facilities required for each of the above terminals 
operating at different speeds. The IBM Terminal Adap
ter-Type I matches the line control required for ter
minal operation with the I/O channel using System/360 
programming capabilities. Polling and addressing re
sponses, VRC (vertical redundancy checking) and LRC 

(longitudinal redundancy check), special character 
recognition, and shifted character operations are all 
handled by the XA to minimize system interference. 

Commands 

The IB~I Terminal Adapter-Type I decodes and ex
cutes the following commands: read, write, inhibit, 
enable, disable, prepare, diagnostic read, and diagnos
tic write, The dial command is also valid for this 
adapter when it has the automatic call feature. The 
functions of these commands are explained under the 
communication-start/stop adapters. 

Special Features 

Two special features are available for the IBM Terminal 
Adapter-Type I: 

The automatic call feature is obtainable with the IBM 

Terminal Adapter-Type I only when operating with the 
IBM 1050 Terminal. 

The IB~I Line A.daptcr Fcature is obtainable with 
the IBM Terminal Adapter-Type I only when operating 
with the 1050 or 1070 terminals. 

Adapter Operation 

Character Set: The transmission code between the 
2701 and the 1050, 1060, 1070, 2740, and 2741 ter
minals is six-bit RCD. The relationship hetween the 2701 
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and the I/O interface is illustrated in Figures 10, 11, 
and 12. One start bit and a minimum of one stop bit 
are added to a character when the XA is transmitting, 
and they are deleted from a character when the XA 

is receiving. 

Sy,tem,1360 Byte 

6 Bit BCD 

In the six-bit BCD transmission code, S represents the 
shift bit. A logical 1 identifies the upper case; a logical ° represents the lower case. The B bit is the first bit 
transmitted and received following the start bit. An 
odd parity (check) bit follows the 1 bit. Each received 
character is checked for odd vertical parity. 

On incoming data, the shifted character set con
version (a standard feature) automatically deletes the 
up shift and down shift characters from the received 
data stream, notes the last shift character received, 
and inserts the eighth bit S to indicate the case to 
System/360. On outgoing data, the S bit is removed 
and noted. A change in this S bit automatically causes 
insertion of the appropriate shift character (up shift 
or down shift) into the outgoing data stream before 
sending the data character. 

A I 8 4 I 2 1 Ich~Ckl STOpl Outgoing Data Character 

The C (check) bit in the character indicates the 
correct odd parity count; a logical 1 if the bit count 
of the character is even, or a logical ° if the bit count 
of the character is odd. 

VRC and LRC are provided, with any detected 
error setting the data check bit within the sense byte. 

Polling and Addressing: When polling, a write com
mand is initiated by a start I/O instruction which 
causes the polling character to be transmitted on the 
communications line. Command chaining to a read 

" 1 1 , 1.'..1 t"\~I'\' 1_ ~ _ _ ___ 1! .-l comma no snoulO De useo so Inal Ine ~/V.l Has a vauu 

command for receiving the incoming data. 
Upon receiving a read command, the 2701 will 

initiate a 28-second timeout. When polling, this time
out is pre-empted by a 2-second short timeout. The 
2701 will set the device end, channel end, and unit 
exception status when an ® character is received. 
® indicates the terminal has no data to send. The 

I device end. channel end and unit check status is 
I . 

set in the status byte when a timeout occurs; the time-
out sense bit will also be set. \Vhen the first character 
received is a @, it indicates that the polling was suc-
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Figure 10. Code Structure for 1050 Data Communication System 

cessful. If the first character is not a @, the message 
will be received without LRC accumulation. The read 
command continues with characters being transferred 
to the CPU as they are received. When addressing, 
the write command causes the addressing character to 
be transmitted on the communications line. When the 
write command ends, command chaining to a read 
command should be used to provide for receiving the 
® or (X) character. (N), which indicates that the ad
dressed terminal is not prepared to receive data, will 
cause the device end, channel end, and unit exception 
status to be set as in polling. Q?, which indicates the 
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© De-
EOT X P lete 

System/360 Byte 

Six-Bit BCD 

terminal is available, will cause the device end, 
channel end status to be set, which allows for com
mand chaining to the output message. 

Character Recognition: The following characters are 
recognized by the 2701 during write commands. 

@ End of Block (EOB) indicates the end of a block 
of text. The LRC character, developed by the XA, will 
be transmitted after the ®. After transmitting the 
LRC character, the device end, channel end status will 
be set. Command chaining to a read command should 
be used to prepare the XA to receive the answer-back 
character from the terminal. 
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Figure 11. Code Structure for 1060 Data Communication System 

© End of Transmission (EOT) indicates the end of 
a transmission. This puts the XIC-XA couple into the 
control mode. 

@ End of Address (.EOA) indicates the end of ad
dress and is normally followed by text. The XA begins 
the LRC accumulation with the character which follows 
the @ character. 

The following characters are recognized during read 
commands: 

® End of Block (EOB) indicates the end of a block 
of text. The next received character will be the LRC 

character, which will be checked against the LRC char
acter accumulated in the XA. The device end, channel 
end status will be set with a compare. A non-compare 
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will cause the device end, channel end, and unit 
check status to be set with the data check bit on the 
"f'n"f' hvtf'. Thf' :m"wf'r-hack character (Y) or (N) must ------ -.; --- ---- -- --- - .......... "'-'" 

be transmitted by the program by means of a write 
command. 

© End of Transmission (EOT) indicates the end of 
the transmission. The device end, channel end, unit 
exception status will be set. 

@ End of Address (EOA) indicates that the follow
ing characters will be text. The LRC accumulation 
begins with the next character. 

@) Negative Response indicates that the addressed 
terminal is not ready to receive data or that the text 
was received by the remote terminal with a detectable 

I 
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Figure 12. Code Structure for 1070 Process Communication System 

error. The XA logically determines which of the above 
is valid and takes the following action: 

Not Ready: The device end, channel end, unit ex
ception status is set. 

Error: The device end, channel end, unit check 
status is set with the data check bit set in the sense 
b~e. 

(X) Positive Response indicates that the text received 
was correct or the addressed system is ready to re
ceive data. In either case, the XA sets the device end, 
channel end status. 

The IBM Terminal Adapter-Type I recognizes the 
delete and idle characters and includes them in the 
accumulated LRC but inhibits the transfer of these char-

acters to the cpu. 
1033 Operation - Message Restriction: The IBM 1070 

Process Communication System uses the IBM 1033 
Printer. When the IBM Terminal Adapter-Type I is 
used with the 600 bps line speed, a problem arises. 

I The 1033 Printer operates at 15 cps. The transmis
sion line operates at 600 bps (or a comparable rate of 
67 cps). A four-character delay time is required be
tween output printing characters. This is effected by 
using the write command with three special char
acters (DF in Hexadecimal Representation), inserted 
between every printing character. The cpu program 
must take into account the difference in operating 
speed between the transmission line and the printer 
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and provide the necessary delays for printing the out
put, via the insertion of these write mark characters. 
Delays can also be effected in this manner to carriage 
returns, tabs, line feeds and so on. 

IBM Terminal Adapter-Type II 

IBM Terminal Adapter-Type II provides the 2701 with 
the controls for operation with the IBM 1030 Data 
Collection System at 600 bits per second. 

Commands 

The IBM Terminal Adapter-Type II decodes and exe
cutes the following commands: read, write, inhibit, 

I prepare, enable, disable, diagnostic read, and diag
nostic write. The functions of the command are ex
plained in the start/stop adapter section. 

Special Features 

The IBM Line Adapter may be obtained with this 
adapter. 

Adapter Operation 

Character Set: The transmission code between the 
2701 and the terminals is six bits plus parity. The 
relationship between the 2701 and the I/O Interface 
is illustrated in Figure 13. One star.t bit and a minimum 
of two stop bits are added to a character when the 
XA is transmitting to the terminal and deleted when 
the XA is receiving from the terminal. 

System/360 Byte 

6 Bit BCD 

The bit B is the first bit transmitted and received on 
the communications line following the start bit. The 
C bit in the character indicates the correct odd parity 
count: a logical 1 if the bit count of the character is 
even or a logical 0 if the bit count of the character 
is odd. 

Outgoing 
Data Character 

Each received character is checked for odd vertical 
parity; a parity check causes the unit check bit to be 
set with the terminating status. The parity check does 
not cause the termination of the command. 

Polling and Addressing: When polling, a write com
mand is issued through a start I/O instruction which 
causes the polling character to be transmitted on the 
communication line. At the end of the write command, 
command chaining to a read command should be per
formed so that a read command, with its allocated 
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storage, is ready for the incoming data. Upon receiving 
the read command, the 2701 will initiate a timeout. 
When polling, the IBM Terminal Adapter-Type II pre
empts the 28-second timeout with a 500-millisecond 
short timeout. "Vhen an eN> is received, the device end, 
channel end, and unit exception status is set. The device 
end, channel end, and unit check is set in the status 
byte when a timeout occurs; the timeout bit is also set 
in the sense field. 

When addressing, a write command is issued through 
a start I/O instruction that causes the addressing char
acter to be transmitted on the communication line. 
An ® character (provided by the program) is trans
mitted before the addressing characters. At the end of 
the write command, command chaining to a read com
mand is used to receive the eN> or eX) character. ® will 
set the device end, channel end, and unit exception 
status as in polling. (X) will set the device end, channel 
end, which allows command chaining to the output 
message. 

Character Recognition: The following characters are 
recognized during write command: 

© End of Transmission (EOT) indicates the end 
of transmission and places the 2701 in a control mode. 
It is normally followed by polling or addressing. 

© End of Address (EOA) indicates the end of ad
dress (start of message) . 
The following characters are recognized during read 
commands: 

@ End of Block (EOB) indicates the end of a block 
of text. If a VRC error is detected in the block of data, 
the device end, channel end, and unit check status will 
be set with the data check bit set in the sense byte. 
Otherwise, the device end, channel end status is set. 
© End of Address (EOA) indicates that the follow

ing characters will be text. 
® Negative response indicates that the addressed 

terminal is not ready to receive data or that the text 
received by the terminal is incorrect. The device end, 
channel end, and unit exception status is set for not 
ready condition, and the device end, channel end, and 
unit check status is set with the data check bit set in 
the sense byte for a text error. 

(V'! PncHhTt:> 'Rt:>cnnnct:> ;nrl;r-att:>c that thP ~rlrlrp<:<:Prl 
~ .L V' .......... v .L~v ... .t'V'u ... v .. u ...... v~ .. v... "".L~" .. .L.LV ---- ~--~-

system is available or that the text received was cor
rect. The device end, channel end status will be set. 

1033 Operation - Message Restriction: The 1033 
Printer operates at 15 characters per second, and the 
transmission line operates at 600 bps (or a comparable 
rate of 60 cps). A three-character delay time is re
quired between output printing characters. This is 
effected by using the write command with three spe
cial characters (DF in hexadecimal representation) in
serted between every printing character. The CPU pro
gram must consider the difference in operating speeds 
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Figure 13. Code Structure for 1030 Data Collection System 

between the transmission line and the printer and pro
vide the necessary delays for printing the output by 
insertion of write mark characters. Delays can also be 
effected in this mariner to carriage returns, tabs, line 
feeds, and so on. 

IBM Terminal Adapter-Type III 

The IBM Terminal Adapter-Type III allows the 2701 
to operate in half duplex start-stop mode between a 
System/360 and the IBM 2848 Display Control - 2260 
Display Station complex. The adapter enables the 
2701 to interface with either a Western Electric 202D1 
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data set (or equivalent) at 1200 baud (120 cps) over 
a common carrier Schedule 4A line, or with a 201B1 
(or equivalent) at 2400 baud (240 cps) over a common 
carrier Schedule 4B line. Operation at the latter rate 
employs the data set synchronous clock to perform the 
bit sampling function. 

Both data and line control use the ASCII code set. 

Commands 

The IBM Terminal Adapter-Type III decodes and ex
ecutes the following commands: read, write, diagnostic 
read, and diagnostic write. The function of each com
mand is explained in the start/stop adapter section. 
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Special Features 

There are no special features for this adapter. 

Adapter Operation 

Character set, polling and addressing, and character
recognition information will be published in a later 
revision of this manual. 

IBM Telegraph Adapter 

The IBM Telegraph Adapter is identical to the IBM 

Terminal Adapter-Type I with the exception of the 
communication medium. The IBM Telegraph Adapter 
operates over a telegraph network, through telegraph 
relays, at telegraph speeds. It also performs an echo 
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check on the transmitted data. Factors such as com
mands decoded and executed, polling and addressing, 
character recognition, and other operating functions 
are the same as those for the IBM Terminal Adapter
Type I. The status and sense bytes are defined exactly 
as for the IBM Terminal Adapter-Type I except for the 
added echo check. When an echo check error is dis
covered, the unit check bit is set in the status byte and 
the data check bit is set in the sense byte. The com
mand is not ended because of an echo check. 

Telegraph Adapter-Type I 

The Telegraph Adapter-Type I enables the 2701 to 
control data transfer between an IBM System/360 
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and the AT&T 83B:2/83B3 or "'estern Union Plan 115A 
Terminals. The speed of transmission is 45.57, 56.9, or 
7.5 bps. 

Commands 

The Telegraph Adapter-Type I decodes and executes 
the following commands: read, write, inhibit, search, 
prepare, diagnostic read, and diagnostic write. The 
functions of these commands are explained in the 
start/stop adapter section. 

Special Features 

There are no special features for this adapter. 

Adapter Operation 

Character Set: The transmission code between the 
2701 and the terminals is Baudot. The relationship be-
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tween the 2701 and the I/O interface is illustrated in 
Figures 14 and 15. 

System/360 Byte 

Shifted Baudot Code 

In the above figure, S represents the case. A logical 1 
identifies upper case; a logical 0 identifies lower case. 
The 1 bit is the first bit transmitted following the 
start bit. 

The shift character set conversion, a standard fea
ture, automatically deletes LTRS and FIGS characters 
from the received data stream and denotes the case. A 

10 11 
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I Figure 14. Code Structure for AT&T 83B2/83B3, \Vestern Union Plan 1I5A, and World Trade 
Teleprinter Terminals (C Keyboard) 
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/Figure 15. Code Structure for AT&T 83B2/83B3, Western Union Plan U5A, and World Trade 
Teleprinter Terminals (A Keyboard) 

sixth bit is added to the code set by the adapter; it 
indicates case to the processor. Data bytes transferred 
from the channel are in six-bit form. The adapter will 
remove the sixth bit and note the case. A change in 
case automatically causes the insertion of the proper 
shift character (LTRS or FIGS) into the outgoing data 
stream. The adapter will send two stop bits and check 
for the presence of one stop bit on receive. 

Polling and Addressing: When polling, a write com
mand is issued through a start I/O instruction, which 
causes the polling character to be transmitted on the 
communication line. At the end of the write com-

mand, command chaining to a read command should 
be used so that a read command with its allocated 
storage is ready for incoming data. Upon receiving the 
read command, the 2701 will initiate a timeout. When 
polling, the Telegraph Adapter-Type I pre-empts the 
28-second timeout with a 2-second short timeout. The 
CPU program will be interrupted if V or M is received 
(which is a negative response to a poll). The device 
end, channel end status is set. Unit check will be set 
in the status byte if a timeout occurs; the timeout bit 
will be set in the sense field. The positive response to 
a poll is the message itself. 

Transmission Adapters 25 



Form A22-6864-0 
Page Revised 7/1/65 
By TNL N27-2901 

\Vhen addressing, a write command is issued 
through a start I/O instruction, which causes the ad
dressing characters to be transmitted on the communi
cation line. At the end of the write command, com
mand chaining to a read command is used to receive 
the V or Nt response (which is the positive response). 
A V or M will cause a normal device end and channel 
end status which can be command-chained to the out
put message. A timeout will set unit check in the status 
byte and timeout within the sense field, as in polling, 
to interrupt the CPU program. 

\Vhen operation on the multidrop line allows ter
minal to terminal traffic, different line control is re
quired. In response to a polling message, the positive 
response is a CDC (Call Directing Code) or ssc (Sta
tion Selection Code). If the CPU or a terminal on 
another line is addressed, the CDC or ssc of the CPU 

must be the first address sent by the terminal. The 
character AZ is assigned to the CPU in all systems. If AZ 

is detected, a device end and channel end status will be 
set, thus ending the polling read command. The V 
answer-back must be sent by the program through a 
write command, and a chained read command must be 
provided for receiving the text. If the terminal has no 
message to send, it will respond with a V. The V will 
cause termination of the read command via channel 
end and device end status. If some sequence other 
than AZ or V is received, a stop signal is given by the 
channel when the byte count in the ccw (set to two 
hy the program) is exceeded. In this case, a search 
command can be issued to monitor the line for end of 
transmission (EOT), if the program does. not want to 
receive the message. Text messages must begin with 
EOA (End Of Address). For AT&T 83B2 and 83B3 
Terminals, EOA is CR, LF, LTRS; for Western Union Plan 
l15A Terminals, EOA is the space character. 

Character Recognition: The following characters are 
recognized during read commands: 

1. A V or ~J received as the first character sets 
channel end and device end status. 

2. FIGS Hand LTRS are received as EOT and set channel 
end, device end and unit exception status. 

3. The hvo-character sequence AZ is received as the 
first two characters of a message and the address of 
the CPU. The device and channel end status will be set. 

l\lessage Restrictions for Telegraph Adapter-Type 1: 

Terminal to Processor 

1. All messages transmitted by a \Vestern Union 
I Plan 11.5A Terminal from its paper tape reader must 

be preceded with the sequence A, V, space. 
2. A space character received by the 2701 will not 

downshift (FIGS to LTRS). 
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3. Text immediately following the sequence FIGS, 

H, LTRS (EOT) will be lost; EOT must not be sent be
tween blocks of data. 

Processor to Terminal 

1. When transmitted, the characters (CR, LF, space 
and blank) must be in the same case as the preceding 
character. 

2. The terminal control automatically inserts the 
proper shift character in outgoing data when a change 
of case is encountered. 

Terminal to Terminal 

1. AZ is the address assigned to the CPU and recog
nized by the 2701. 

2. End of Address (EOA) must precede the trans
I mission of text: EOA for AT&T 83B2 and 83B3 - CR, LF, 

LTRS; EOA for ,vu 115A - Space. 

Telegraph Adapter-Type II 

The Telegraph Adapter-Type II provides the necessary 
controls for the attachment of telephone company tele
typewriter exchange (TWX) stations to the 2701. Con
trol is point-to-point and is on common-carrier switched 
150-bps TWX service. Transmission speed is 110 bps. 

Commands 

The Telegraph Adapter-Type II decodes and exe
cutes the following commands: read, write, inhibit, 
enable, disable, prepare, diagnostic read, and diagnostic 
write. The dial command is also valid when the auto
matic call feature is obtained. The functions of these 
commands are explained in the section "Start/Stop 
Adapters." 

Special Feature 

The automatic call feature is obtainable with the Tele
graph Adapter-Type II. 

Adapter Operation 

Character Set: The transmission code used is the 
eight-bit Data Interchange Code (ASCII). The relation
ship of the 2701 with the I/O interface is illustrated 
in Figure 16. 

System/360 Byte 

8 Leve I Data Interchange 
Code 

One start bit and two stop bits are added to a char
acter when the XA is transmitting to the terminal and 
are deleted when the XA is receiving from the terminal. 

Line Control: Identification type of answer-back is 
handled by the 2701 and the System/360. Output 
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Figure 16. Eight-Bit Data Interchange Code 

messages can be of any length or format. Input mes
sages can be of any length; however, certain format 
restrictions are imposed because of the line control 
used by these terminals. On input, or during read oper
ations, the following characters are recognized by 
the 2701: 

WRU (Who are you?) This character causes device 
end, channel end status to 
be set. 

xan (Transmitter on) This character causes channel 
end, device end status to be 
set. 

10 11 
00 01 10 11 00 01 10 11 

Hor Vert 
50M TAB WRU Return EOM Tab Bell 51 

A I E M C K G a 

! ) 0/0 - # + I / 

X-on X-off LEM 

Q y U 1 5 [ W -

1 9 5 = 3 ; 7 ? 

5ystem/360 Byte 

Eight-Bit Data Interchange Code 

xaff (Transmitter off) This character causes device 
end, channel end status to be 
set. 

EaT (End of 
transmission) 

This character causes the de
vice end, channel end, and 
unit exception status to be set. 

Message Restrictions'for Telegraph Adapter-Type II: 

Terminal to Processor 

1. Delete characters are recognized, and the 2701 
deletes them from the input message stream. 
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2. WRU, xon, xoff, and EOT terminates receive op
erations. 

World Trade Telegraph Adapter 

World Trade telegraph adapter enables the 2701 to 
control data transfer between the IBM System/360 and 
various European telegraph printers over selectively 
single current or double current telegraph lines at 
either 50 bits per second or 75 bits per second. 

Commands 

I The World Trade telegraph adapter decodes and exe
cutes the following commands: read, write, inhibit, 
prepare, search, break, diagnostic read, and diagnostic 
write. The functions of these commands are explained 
in the section "Start/Stop Adapters." 

Special Features 

There are no special features that operate with the 
adapter. 

Adapter Operation 

Character Set: The transmission code used between 
the 2701 and the terminals is the Baudot Code. The 
relationship between the 2701 and the I/O interface is 
illustrated in Figures 14 and 15. 

System/360 Byte 

Shifted Baudot Code 

S represents the case. A logical one identifies the 
uppercase; logical zero, the lower case. The 1 bit is the 
first bit transmitted following the start bit. Shifted 
character set conversion, a standard feature, auto
matically deletes LTRS and FIGS characters from the re
ceived data stream, notes the last shift character 
received, and inserts a sixth bit (5) in the code set to 
indicate the case to the processor. On outgoing data, 
the S bit is removed and noted. A change in the S bit 
automatically causes the insertion of the appropriate 
shift character in the outgoing data stream before 
sending the data character. 

Attachment to the World Trade telegraph adapter is 
point-to-point; thus, the line control method used is 
contention rather than polling. 

When the terminal is transmitting, the programmer 
must insert from 4 to 20 LTR characters before inserting 
the start of message character (line feed) to ensure 
that the terminal is receiving properly. Should the 
terminal bid for the line simultaneously with the 

28 

processor, an echo check will occur, terminating the 
write operation at the CPU. 

\Vhen the terminal is receiving, the prepare com
mand is issued to the World Trade telegraph adapter 
to wait for the completion of the first space condition 
from the terminal. The prepare command may be 
terminated in one of three ways: 

1. A true start bit is detected. This is recognized 
by the line going to the space condition for one bit 
time and then returning to the mark condition. Th(( 
device end, channel end status is set. Command chain
ing to a read command can be used to receive the 
incoming message. 

2. The line goes to space and does not return to 
mark within 28 seconds. The device end, channel 
end, and unit check status is set with the timeout bit 
set in the sense byte. 

3. A halt I/O or a reset is received from the channel. 
If a true start bit (as in 1 above) is detected and the 
halt I/O is received prior to the status being presented, 
the unit check status is also set. The receiving bit will 
be on in the sense byte. Otherwise, the device end, 
channel end status byte. Otherwise, the device end, 
channel end status is set. 

Character Recognition: 

1. EOT (End of Transmission) - format is FIGS, CHAR

ACTER, LTRS with the character assigned on a per system 
basis. EOT sets channel end, device end, and unit 
exception status. 

2. EOB (End of Block) - format is FIGS, CHARACTER 

with the character assigned on a per system basis. EOB 

sets channel end, device end status. 

3. A V or M received as the first character sets 
channel end, device end status. 

Message Restriction for World Trade Telegraph: 

Terminal to Processor 

1. The characters used in EOB and EOT must not 
be the same. 

2. A space character recei\7ed by the 2701 ",ill not 
downshift (FIGS to L TRS ) . 

3. Text immediately following FIGS, CHARACTER, LTRS 

will be lost. EOT must not be sent between blocks 
of data. 

Processor to Terminal 

1. When transmitted, the characters (CR, LF, space, 
and blank) must be in the same case as the preceding 
character. 

2. The terminal control automatically inserts the 
proper shift character in outgoing data when a change 
of case is encountered. 
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Communications-Synchronous Adapter 
The Synchronous Data Adapter-Type I (SDA-I) pro
vides for point-to-point, half-duplex synchronous data 
transmission as a synchronous transmitter-receiver 
(STR) device in 4-out-of-8 code at speeds up to 5100 
characters per second. The speed depends on the re
mote terminal, the communication facility, and the 
data set. 

I 
equipped with communications adapter feature 
( #2073) at the following rates: 

The 8DA-I can communicate with remote 8TR devices 
over private line or switched communication networks 
with voice grade or broad-band communication chan
nels. In switched network operation, the 8DA-I can 
originate calls by dialing remote 8TR stations (via 
the auto call feature) and can automatically answer 
calls originated by such remote stations. The 8DA-I can 
be attached to two communication lines via the dual 
communication interface feature, providing operation 
over one line at a time. Selection of each line is under 
program control. 

Since the 8DA-I is a category II adapter, a maximum 
of two 8DA-I'S can be installed in a single 2701 equipped 
with the expanded capability and expansion features. 

The Synchronous Data Adapter-Type I enables the 
2701 to control data transfers in half-duplex syn
chronous mode between an IBM System/360 computer 
and the following synchronous transmitter receiver 
( 8TR) terminals and devices: 

1. IBM 1009 Data Transmission Unit, IBM 1013 Card 
Transmission Terminal, IBM 7702 Magnetic Tape 

I 
Transmission Terminal, IBM 7740 Communication Con
trol System, or System/360 2020 Processing Units 

\ommunica- Common Carrier Common Carrier 
tions Faci! i- Switched Telephone Leased Private Line 

Speed ties Networks Telephone Services 

1,200 bits per second (150 characters per second) 
2,000 bits per second (250 characters per second) 
2,400 bits per second (300 characters per second) 
2. IBM 7701 Magnetic Tape Transmission Terminal 

or the 7750 Programmed Transmission Control at 1,200 
bits per second ( 150 characters per second). 

3. IBM 7710 Data Communication Unit, IBM 7711 
Data Communication Unit, or another IBM System/ 
360 equipped with a 2701 Data Adapter Unit with the 
Synchronous Data Adapter-Type I at the following 
data rates: 

1,200 bits per second (150 characters per second) 
2,000 bits per second (250 characters per second) 
2,400 bits per second (300 characters per second) 
19,200 baud (2400 character per second) 
40,800 bits per second (5,l00 characters per second) 
Refer to Figure 17 for the required communications 

facilities and data sets for each of the speeds described 
in items 1,2, and 3. 

Three features are obtainable on the Synchronous 
Data Adapter-Type 1. 

1. Internal clock feature (prerequisite: Synchronous 
Data Adapter-Type I) provides the clocking pulses for 
transmission speeds of 1,200; 2,000; and 2,400 bits per 
second. These speeds are selected by program control. 
This feature is required when the data set does not 
provide the clocking pulses or when half-duplex lines 
are used. 

2. Dual communication interface feature (prerequi
site: Synchronous Data Adapter-Type I) provides a 

Common Carrier Customer Owned 
Broadband Communi- Communications 
cations Services Facilities 

1200 bps Western Electric Data Western Electric Data Modem equipment 

Set 202A or equivalent Set 202A, 2020 I, or Not Appl icable (data set) having a 
(150 cps) Western Union Data Set proper interface must 

See note. 2121A or equivalent. be used. 
See note 

2000 bps Western Electric Data Western Electric Data Modem equipment 
Set 201 A or equivalent Set 201A or equivalent Not Appl icable (data set) having a 

(250 cps) proper interface must 
See note. be used. 

2400 bps Not Appl icable Western Electric Data Modem equipment 
Set 201 B or equivalent Not Applicable (data set) having a 

(300 cps) proper interface must 
be used. 

19,200 bps Western Electric Data Modem equipment 
Not Applicable Not Applicable Set 303AI0 (data set) having a 

or equivalent proper interface must 
(2400 cps) be used. 

40,800 bps Modem equipment 
Western Electric Data (data set) having a 

Not Applicable Not Appl icable Set 301B or equivalent proper interface must 
(5,100 cps) be used. 

NOTE: The Internal Clock feature IS required for operation at 1200 bits per second and on the SWitched Telephone Netwo rks. 

• Figure 17. Communications Facilities and Transmission Speeds 
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I 
second communication interface. One interface is oper
able at a time and is selected by the program. 

3. Automatic call feature: Enables the 2701 to orig
inate calls on a switched dial network by dialing 
through a Western Electric Automatic Calling Unit 
BOIAl. This feature is not needed or used for handling 
the automatic answering of calls on a switched net
work. This feature is available for operation at 1200 
and 2000 baud. 

For this adapter, additional information concerning 
commands, status bytes, sense bits, and operational 
functions will be provided in later publications. 

Data Acquisition and Control Adapters 
Data acquisition and control adapters for the 2701 in
clude the following: the Parallel Data Adapter, Con-
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tact Sense Adapter, Contact Operate Adapter, and 
Serial Synchronous Adapter. 

Parallel Data Adapter 

The Parallel Data Adapter allows for the connection 
and operation of external devices that transfer data, 
parallel by bit, serial by word, with the System/360 
processor. The data word size is 16 bits, expandable in 
groups of eight up to 48 bits. The Parallel Data Adapter 
presents a demand response interface to the external 
device that allows for the half duplex transfer of 
parallel data words into and out of System/360 proc
essor and the external device. The Parallel Data 
Adapter controls this interface, converts from data 
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word to byte and from byte to data word, develops 
and checks one bit of odd parity per data word, and 
transfers data to and from the 110 channel, parallel 
by bit, serial by byte. The Parallel Data Adapter forces 
the multiple byte mode of operation on the multi
plexor channel. The number of bytes transferred in the 
multiple byte operation is dependent upon the size of 

I the data word. This can vary from two to six bytes. 
In addition to the parallel data operation, the PDA 

and the direct control feature (DCF) on a System/360 
processor can simulate the direct data feature on the 
704X (7040-7044) and 709X (7090, 7094, 7094 II) sys
tems. The interface circuitry is different, but the logi
cal operation is the same. 

Commands 

The Parallel Data Adapter decodes and executes the 
following commands. (See Figure 18 for the configura
tion. ) 

Bit Configurations 

Commands 0 2 3 4 5 6 7 

Read 0 0 0 0 0 0 0 

Read with Timeout 0 0 0 0 0 0 

Write 0 0 0 0 0 0 0 

Write with Timeout 0 0 0 0 0 0 

Diagnostic Write 0 0 0 0 0 0 

Diagnostic Read 0 0 0 0 0 0 

Figure 18. Bit Configuration for Parallel Data Adapter Commands 

Read: This command causes the Parallel Data 
Adapter to accept data words from the external de
vice and present them a byte at a time to the 
System/360 channel. 

Write: This command causes the Parallel Data 
Adapter to take bytes of data from the System/360 
channel, assemble them into data words, and transfer 
them to the external device. 

Read with Timeout: This command is the same as 
the read command described above, except that a 
2-second timeout is performed on the response of the 
external device to a request for data transfer made 
by the Parallel Data Adapter. This command is only 
valid when the timeout feature is obtained. 

Write with Timeout: This command is the same as 
the write command described above, except that a 
2-second timeout is performed on the response of the 
external device to a request for a data transfer made 
by the Parallel Data Adapter. This command is valid 
only when the timeout feature is obtained. 
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Diagnostic \V rite: The diagnostic write command 
operates as the normal write. However, the control 
and data transfer operations with the external device 
are inhibited. After one data word has been assem
bled in the Parallel Data Adapter, the device end, 
channel end status is presented, which terminates the 
command. 

Diagnostic Read: This command operates like the 
normal read operation, except that the control and 
data transfer operations with the external device are 
inhibited. The data word stored in the Parallel Data 
Adapter's assembly register is transferred to the 
channel, and the device end status is presented, which 
terminates the command. This command should be 
preceded by the diagnostic write command. 

Special Features 

Extension Features: The Parallel Data Adapter pro
vides a data word of 16 bits plus one bit of parity in 
each direction. Through the use of the extension fea
tures, the data word can be extended to 48 bits. One 
bit of parity is supplied for the data words regardless 
of the number of extension features used. Each exten
sion feature adds eight input and eight output bits to 
the data word. 

Timeout Feature: The timeout feature is used to 
recognize an external device failure. The timeout is 
initiated under program command. A 2-second timeout 
is performed from the time the Parallel Data Adapter 
notifies the external device that it is ready for a data 
transfer until the time that the external device re
sponds. In detail, when the read ready or write ready 
line is raised, the timeout begins. The timeout is reset 
when the external device raises the demand line. The 
timeout will restart on the next occurrence of a read 
ready or write ready signal. If the demand response 
does not occur within the 2-second timeout period, the 
command will be ended with the device end, channel 
end and unit check status set and with the timeout 
bit set in the sense byte. 

Adapter Operation 

Operation between the Parallel Data Adapter and the 
externai device is made through the Parallel Data 
Adapter interface. The interface consists of a set of 
lines that provide for control, signals and data paths 
(Figure 19). The name and functions of each line or 
lines of the interface are described below. Detailed 
information concerning timing and voltage levels will 
be published in the IBM 2701 Data Adapter Unit 
Original Equipment "Afanufacturers Information man
ual Form A22-6844. 

Output Data Bus (PDA to External Device): The 
output data bus consists of 17 lines on the basic 
adapter. Sixteen lines are used to present data and one 
line is used to present the odd parity bit to the exter-
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.Figure 19. Parallel Data Interface 

nal device. With extension features, the number of lines 
can be increased to a maximum of 49 (48 data and 
one parity). 

Input Data Bus (External Device to PDA): The input 
data bus consists of 17 lines on the basic adapter. Six
teen lines are used for input data and one line is used 
to obtain the odd parity from the external device. With 
extension features, the number of lines can be in
creased to a maximum of 49 (48 data and one parity). 

I Write Select (PDA to External Device): This line is 
used to notify the external device that it has been 
selected for a write operation. The line is raised be
cause of the recognition of a write command from the 
channel, and it remains up until the end of the com
mand. 

Read Select (PDA to External Device): This line is 
used to notify the external device that it has been 
selected for a read operation. The line is raised because 
of the recognition of the read command from the 
channel, and it remains up until the end of the com
mand. 

Write Ready (PDA to External Device): This line 
notifies the external device that a word of data is on 
the output data bus. The data is stabilized and de
skewed before the raising of this line. 

The occurrence of a demand, EOR, or EOF signal from 
the external device resets this line. 

Read Ready (PDA to External Device): This line 
notifies the external device that the PDA is ready to 
accept the next word of data over the input bus. 

The occurrence of a demand, EOR, or EOF signal from 
the external device resets this line. 
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Demand (External Device to PDA): The significance 
of the demand signal is dependent upon the command 
being executed. 

1. Write Command - The demand signal signifies 
that the external device has accepted the data word on ' 
the output data bus. 

2. Read Command - The demand signal signifies 
that the data on the input data bus is valid, stabilized, 
and de-skewed. 

The demand signal must be present for at least 
800 nanoseconds. The maximum length of the demand 
signal is dependent upon the external device and its 
desired data rate. Data must remain valid for the 
duration of the demand signal. A second r~ad ready 
or write ready signal will not be given while the 
demand signal is still present. 

Redundancy Error (External Device to PDA): This 
line indicates that the external device has a parity error. 

Suppress Word Parity Error (External Device to 
PDA): This line from the external drive suppresses 
data word parity checks during read operations. It is 
used by devices which do not generate valid parity. 

End of Record (EOR) (External Device to PDA): This 
line signifies that the external device has completed its 
operation and will not generate or accept any more 
data. Upon recognition, the PDA will present the de
vice end, channel end status to the channel. 

End of File (EOF) (External Device to PDA): This 
line signifies that the external device has completed its 
operation and will not generate or accept any more 
data. Upon recognition, the PDA will present the device 
end, channel end, and unit exception status to the 
channel. The unit exception status prevents command 
chaining. 

Word Count Equals Zero ("WC=O") (PDA to Exter
ool Device): This signal is generated by the PDA 

to inform the external device that the CPU has no more 
data to transfer or will not accept any more data de
pending upon the operation being a write or a read. 
An EOR or EOF should be presented by the external 
device. 

Interrupt (External Device to PDA): The interrupt 
lines allow the external device to signal the CPU through 
a channel interrupt that it requires service. 

The interrupt signal, when occurring in the absence 
of a read or write command, causes an attention status 
to be set. When the interrupt signal occurs during a 
read or write operation, device end, channel end and 
attention status is set. 

Addressing 

Up to eight external devices may be connected to the 
Parallel Data Adapter interface. There is almost an 
unlimited number of ways in which the external de-
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vices can be connected to the Parallel Data Adapter 
to operate with it through this interface. The only 
restrictions are that the maximum number of con
nections be eight and that the control signals be 
valid. with data transferred. There are two cases to be 
considered here. In the first, only one of the external 
devices is operating with the interface at anyone time. 
The entire data word goes to and comes from that one 
external device. In the second, the data word is split 
up among various external devices. The former situa
tion has the problem of addressing whichever external 
device will be operating with the interface at any 
one time. The latter has the problem of having the 
external devices respond properly to the interface 
control signals. 

In this section, a few of the many possible addressing 
schemes will be outlined. First, consider the case in 
which only one of the external devices is operating 
with the interface at a time. The Parallel Data Adapter 
interface has two select lines, read select and write 
select, with no built-in capability for addressing the 
one device of the eight possibilities with which the 
Parallel Data Adapter can operate. There are several 
means available to the user to do the addressing. Listed 
below are three addressing schemes. 

Manual Switching: This method of addressing sets 
a manually operated switch on one of the external 
devices to the ON position. Manual switching is used 
when ease of switching is a requirement but speed is 
not. It is simple and economical. For an example of its 
application, consider several "test cells" on the test 
Hoar when only one is scheduled to run at a time. The 
multi-drop capability allows relatively quick rotation 
of test cells without the necessity of cable pulling 
and equipment movement. 

First Word Addressing: A more sophisticated ap
proach is to have the first word of a write operation 
contain the addressing information. Only the device 
which recognizes its address will respond to further 
interface signals. The device, once selected, will re
main so until a new write operation is initiated. To 
perform a write operation, the program need only 
ensure that the address code appears in the first word. 
To perform a read operation, the program must first 
perform a one-word write operation to address the 
device. When the write command ends, the program 
can command chain directly to the read command. 

As implied earlier, the ending of the read com
mand does not end the selection of the external 
device. Selection can be changed only by a new 
write operation. (The exception to this is the case in 
which the external device has been reset by an oper
ator.) Additional read operations may thereby be 
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performed with the same external device without the 
necessity of an addressing write operation. 

Direct Control Feature: An even more sophisticated 
method of addressing is the use of the direct control 
feature (DCF) available on the System/360 processors. 
With this feature, the addressing can be accomplished 
through the sense or timing lines. The external devices 
may also indicate their need of service with the use of 
the interrupt lines of the DCF. This device-program 
communication is performed independent of the PDA 

operation, thereby allowing for greater versatility. 
In addressing, the problem of interface control arises 

when the data word is split up for several external 
devices. The approach to this problem differs with 
each situation. Some typical questions a system de
signer might ask and the answers to these questions 
are given below. 

Question: In a multiple-device attachment, which 
device responds to the control signal from the 1/0 

interface? 
Answer: One device may be given the logic to re

spond to the interface signals. If there are no more 
than seven external devices on one interface, the others 
can monitor the input signal lines (input to the 2701). 

All devices can respond to the I/O interface con
trol signals. The restriction here ensures that there 
are no more than seven external devices on the line. 
For example, consider the demand line. Once one of 
the external devices has presented the demand signal 
to the interface, any or all of the other external devices 
can present the same signal to the interface. However, 
once the demand line has fallen, no other external 
device can raise it until the next ready signal has 
ocurred. As stated above, when the number of external 
devices on the interface is seven or less, all the external 
devices can monitor the input lines. 

Question: How does the external device know that 
the other units have stabilized the input data or sam
pled the output data? 

Answer: A standard data rate may be set when the 
demand signal is given at a fixed period of time after 
the rise of the ready line. 

,r'\_. __ L· ___ TT __________ 1..1 ____ L ___ ..11_ .. L _____ ! ___ .L!_L 
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a data transfer is intended for an needed by a specific 
external device, but any data transfer including all 
zeros is meaningful to another external device sharing 
the interface? 

Answer: One bit in the record to or from each ex
ternal device can be set aside as a validity indication. 
When this bit is on, the record is meaningful; when 
this bit is off, the record is to be ignored. This bit can 
be used on a read operation as well as a write. The 
program tests this bit; if on, it uses this record; if off, 
it ignores the record. 



The addressing schemes do not require any modifica
tion of the 2701. The 2701 has no indication of the 
number of external devices that are on the interface 
nor of the means used to address them. The program, 
of course, must be aware of the external device ad
dressing scheme. 

Speed of Operation 

The maximum over-all data rate possible for an exter
nal device is a complex function. It depends on param
eters such as the processor, the channel, the other 
control units operating on the same and/or other chan
nels, and the mode of operation (byte, multiple byte 
and burst). The Parallel Data Adapter transfers bytes 
with the channel at the maximum channel rate. 

Read Operation 

The read operation is initiated when the XIC-XA couple 
accepts a read command from the I/O channel. Upon 
the acceptance of this command, the read select and 
read ready lines are raised on the Parallel Data Adapter 
interface. The Parallel Data Adapter is then in a con
dition to accept the first word of data from the external 
device. When the input data is available, valid, and 
de-skewed on the input data bus, the external device 
will respond with the demand signal. The demand 
signal causes the dropping of the read ready line. The 
2701 will then attempt to obtain channel selection in 
order to perform a data transfer. When selection has 
been successfully accomplished, the XIC-XA couple will 
transfer the received data word a byte at a time to the 
I/O channel. The mode of operation will be either 
multiple-byte or burst mode. After the full data word 
has been transferred to the channel, the Parallel Data 
Adapter will again raise the read ready line, thus in
forming the external device that the Parallel Data 
Adapter is ready to accept the next word of data. When 
data is again available, the external device will signal 
demand, and the data transfer operation will proceed 
as above. 

The read operation may be ended in one of several 
ways: 

1. An external device presents EOR or EOF. When 
the external device has determined that it has com
pleted its data transfer with the System/360, it will 
signal either EOR or EOF. The EOR will cause the 2701 
to present the device end and channel end status to 
the channel. The EOF signal will cause the 2701 to send 
the device end, channel end, and unit exception status 
to the channel. The unit exception status would pre
vent command chaining in the channel. To ensure 
the acceptance and transfer of the last word of data, 
the EOR or EOF signal should not occur until the demand 
signal has fallen. Once the Parallel Data Adapter has 
accepted the word of data, the terminating status will 

not be set until the final word has been transferred to 
the channel. 

2. The channel can accept no more data. When the 
storage area allocated for the read operation has been 
filled and no other area is available, the channel can 
accept no more data. When the Parallel Data Adapter 
presents one more byte of data than the channel can 
accept, the channel will reject that byte and signal the 
2701 to cease the operation. When the Parallel Data 
Adapter recognizes the stop signal from the channel, 
it signals wc=o and read ready to the external device. 
The wc=o line informs the external device that the 
Parallel Data Adapter will not transfer data to the 
System/360 channel. The read ready signal is-available 
for external devices which cannot end until they have 
reached a physical position or have transferred all their 
data. The Parallel Data Adapter looks for either the 
EOR/EOF signals or the demand signal in response to 
the read ready/wc=o signals. If the device can end 
immediately, it will present either EOR or EOF. When 
the Parallel Data Adapter recognizes these signals, it 
will set the terminating status as described above. If 
the external device cannot end immediately, it will 
signal demand. Upon recognizing the demand signal 
in response to the wc=o/read ready signals, the Parallel 
Data Adapter will drop the read ready line and set 
the channel end status. The setting of the channel end 
status has meaning when the XIC-XA couple is operating 
on the selector channel. The setting of this status will 
release the 2701 from the selector channel, thus allow
ing the channel to operate with other control units. 
This status being set when the 2701 is operating on 
a multiplexor channel, in the multiple byte mode, has 
little use~ since the multiplexor channel has a capa
bility of operating with all control units to which it is 
connected. When the external device drops the demand 
signal, the Parallel Data Adapter will again raise the 
read ready line. The data which is received by the 
Parallel Data Adapter is not transferred to the channel. 
This read ready-demand sequence continues until 
either the EOR/EOF or interrupt signals occur, where
upon the proper terminating status will be set. 

3. Interrupts are set by the external device. An inter
rupt signal occurring on the Parallel Data Adapter 
interface while a read command is in progress causes 
the immediate setting of terminating status. The atten
tion bit is also set in the status byte. An interrupt signal 
occurring while a a command is in operation must be 
used with the greatest caution. If an interrupt occurs 
during a demand signal, the deliverance of the last 
word of data to the channel is uncertain. If the inter
rupt signal is generated by other than the external 
device currently operating on the read command, this 
device either must be aware of the occurrence of the 
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interrupt, or must recognize its occurrence when the 
read select line drops prior to its setting the EaR or 
EOF signals. 

4. A timeout elapses. During a read with timeout 
command (valid only when the timeout feature has 
been obtained), if a timeout does elapse, the device end, 
channel end, and unit check status will be set with 
the timeout bit set in the sense byte. 

With every data word accepted by the Parallel Data 
Adapter, a check for correct odd parity is made. If a 
parity error check occurs, and the suppress parity error 
line is not Signaled by the external device, then the unit 
check status bit will be set with the data check bit set in 
the sense byte. The command is not ended until the 
normal ending occurs. 

When an ending does occur, normal or otherwise, 
the Parallel Data Adapter will drop the select out line 
when the device end status has been set. 

Write Operation 

The write operation is initiated upon the selection of 
either a write or a write with timeout command. The 
write select line is raised and an immediate request for 
data transfer made on the Parallel Data Adapter's 
recognition of a write command. On the multiplexor 
channel, the Parallel Data Adapter forces the multi
plexor byte mode. When the number of bytes in the 
data word is obtained from the I/O channel to the 
Parallel Data Adapter, the adapter raises the write 
ready line and, when applicable, starts the timeout. 

When the external device has accepted the data 
word, it responds with the demand signal. When the 
Parallel Data Adapter recognizes the demand signal, 
it will reset the data bus, terminate the timeout, and 
set up a request for another data transfer. With the 
transfer of each data word, the Parallel Data Adapter 
adds one bit of odd parity. If the external device checks 
this parity and determines there has been a parity error 
in the data transfer, it signals redundancy error. When 
the Parallel Data Adapter recognizes a redundancy 

I error signal, it sets the data check bit of the sense byte 
and adds the unit check bit to the terminating status 
when delivered. The command is not ended by the 
occurrence of the redundancy error signaL The write 
operation continues until one of the ending conditions 
occurs: 

1. The entire data message has been transferred from 
the 110 channel to the Parallel Data Adapter. This con
dition is recognized by a stop signal given by the 
channel when the Parallel Data Adapter requests the 
transfer of another byte of data. The Parallel Data 
Adapter will immediately set the wc=o line unless a 
partial word of data has been accumulated prior to 
receiving the stop signal from the channel. If this is 
the case, the Parallel Data Adapter will go through one 
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additional write ready demand sequence prior to sig
naling the wc=o. In this way, the partial word will be 
transferred to the external device. The wc=o signal 
informs the external device that the 110 channel will 
not transfer any further valid data. The response of 
either EaR or EOF signals causes the device end, channel 

I end status to be set and the operation ended. For 
the EOF, the unit exception status is also set. How
ever, as in the read operation, the write ready signal 
is given with wc=o. If the external device cannot 
immediately end, it will respond with the demand 
signal to the wc=o/read ready signals. When the 
Parallel Data Adapter recognizes the demand re
sponse, it immediately sets the channel end -status and, 
upon the dropping of the demand signal, again sets the 
write ready signal. The data transferred on this write 
ready-demand sequence will be all zeros with the 
proper parity. The write ready/demand sequence con
tinues with write ready raised as soon as demand 
drops. When the external device sets either EaR, EOF or 
interrupt lines, the operation is ended with the proper 
terminating status. 

2. Halt I/O is received from the channel. The opera:.. 
tion for the halt I/O command is the same as though a 
data transfer stop signal were issued by the channel. 

3. The external device issues EaR or EOF signals. 
When the Parallel Data Adapter recognizes an EOR/EOF 

signal, it sets the device end and channel end status. 
I For the EOF, the unit exception status is also set. 

When the EOR/EOF signal occurs prior to the receipt 
of a stop signal or halt I/O from the channel, the Parallel 
Data Adapter determines whether the last word of data 
was successfully delivered to the external device. If it 
was not, the unit check status is also set with the over
run bit set in the sense byte. 

4. The external device signals interrupt. When the 
Parallel Data Adapter recognizes an interrupt signal 
on the interface during a write operation, it sets de
vice end, channel end, and attention status, terminating 
the command. The cautions stated for the interrupt 
termination during read operations also apply here. 

5. Timeout elapses. During the execution of a write 
with timeout command, if the ext-ernal device does not 
respond with the demand signai within 2 seconds of 
the occurrence of the write ready signal, the timeout 
elapses. This sets the device end, channel end, and unit 
check status with the timeout sense bit set. 

Interrupts 

The Parallel Data Adapter recognizes an interrupt sig
nal whether or not it has a command. In fact, a com
mand is usually not present. In either case, when an 
interrupt signal is recognized, the attention status will 
be set. As described under the read and write opera
tions, if a read Ol' write command is present, the ter-



minating status will also be presented. When operating 
without a command, the interrupt signal causes the 
attention status by itself to be presented to the channel. 

Diagnostics 
The Parallel Data Adapter operates under two diag-
nostic commands. Diagnostic write command presents 
one word of data to the Parallel Data Adapter. A diag
nostic read operation causes the data stored in the 
Parallel Data Adapter's register to be read back to 
the channel. The diagnostic read operation will not 
cause the data register to be reset as is done with the 
normal read operation. With both the diagnostic read 
and diagnostic write operations, the control signals to 
the external device are inhibited. The external device 
will have no means of determining that a diagnostic 
read or a diagnostic write operation is occurring. If 
an interrupt signal occurs during a diagnostic opera
tion, the Parallel Data Adapter responds as though a 
normal command were present by setting the device 
end, channel end, and attention status. The diagnostic 
operation checks the data path up to the external inter
face circuits. 
Status Byte 
The following statuses may be set by the Parallel Data 
Adapter. 

Channel End: The channel end status appears by 
itself upon the refusal of the external device to respond 
to a wc=o signal on either a read or write operation. 
The status indicates that the 2701 Parallel Data 
Adapter will transfer no additional bytes of data with 
the channel. 

Device End: The device end status appears by itself 
only when it has been preceded by the channel end 
status. The device end status indicates that the external 
device and Parallel Data Adapter have completed their 
operations and are free to accept additional commands. 

Device End, Channel End: The device end, channel 
end status indicates that the operation has been 
brought to a normal ending. 

Device End, Channel End, Unit Check: This status 
indicates that an unusual ending condition has 
occurred. The sense byte should be obtained to deter
mine which of the unusual ending conditions has 
occurred. 

Device End, Channel End, Unit Exception: This 
status indicates that the external device has ended nor
mally with the end of file signal. 

Device End, Channel End, Unit Exception, Unit 
Check: This status indicates that an unusual ending 
has occurred with the external device signaling the end 
of file. The sense byte should be obtained to deter
mine the cause for the unusual ending. 

Device End, Channel End, Attention: The device 
end, channel end, attention status indicates that the 
operation has been ended in one of two ways: it has 

been ended by either the interrupt signal or the EaR 

signal, and prior to the status being delivered to the 
channel, an interrupt signal has occurred. 

Device End, Channel End, Unit Exception, Atten
tion: This status indicates that the operation has ended 
normally with the end of file signal and that prior to 
the status being delivered to the channel an interrupt 
signal has been received. 

Device End, Channel End, Unit Check, Attention: 
This status indicates that the operation has ended ab
normally in one of two ways: 

1. The operation has been ended by an EaR signal 
with an unusual occurrence and an interrupt signal 
has been received prior to the status being delivered 
to the channel. 

2. The operation has been ended by the interrupt 
signal, with an unusual condition having occurred prior 
to the appearance of the interrupt signal. 

In either case, the sense byte contains information 
defining the cause of the unit check status. 

Device End, Channel End, Unit Check, Unit Excep
tion, Attention: This status indicates that the operation 
has not been successfully completed, that it has been 
ended by the EOF signal, and that an interrupt signal 
occurred prior to the status being delivered to the 
channel. 

The sense byte contains the cause of the unit check 
status. 
Sense Byte 

Command Interrupt Bit 1: This bit is set when an 
interrupt signal is received while the Parallel Data 
Adapter is operating on a command. If the command 
has been normally ended and an interrupt condition 
occurs prior to the status being transferred to the 
channel, the sense bit will not be set. The condition 
of this sense bit enables the programmer to determine 
which of the two causes for ending occurred under the 
channel end, device end, attention status and the de
vice end, channel end, unit check, attention status. 

Data Check Bit 4: This bit is set when a parity check 
fails during a read operation and the suppress parity 
line is not signaled. This bit is also set when redun
dancy check is signaled. 

Overrun Bit 5: This sense bit indicates that data has 
been lost. This occurs during a write operation when 
the EaR or EOF signal is set prior to the data in the 
Parallel Data Adapter being delivered in the external 
device. This bit will not be set during read operations. 
Data is lost when a stop is received from the channel 
when the Parallel Data Adapter is attempting to per
form a data transfer. However, the channel has the 
ability to recognize this occurence. The Parallel Data 
Adapter will not cause a unit check interrupt. 

Timeout Bit 7: This bit is set during a read with time
out or write with timeout operation when the external 
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device does not respond to a data transfer request 
within the 2-second timeout period. 

Contact Sense Adapter 

The contact sense adapter provides the System/360 
with the capability of determining the condition of re
motely set contacts and for binary voltage levels. The 
bask contact sense adapter has provisions for oper
ating with 48 points and is expandable in two steps of 
48 up to 144 points. The contact sense adapter recog
nizes either a contact closure or a binary voltage level. 
The selection between contact sensing or voltage level 
sensing is done on a per byte basis as an installation 
option. Each byte can be specified as to whether it is 
to be contact sensing or a voltage sensing. Under pro
gram command, the contact sense adapter samples and 
transfers to the channel from 1 to 18 bytes of sampling 
data. When operating on the multiplexor channel, the 
contact sense adapter operates in the word mode. In 
addition to transferring the contact conditions to the 
110 channel under program command, the contact sense 
adapter, as an additional wire option, recognizes a con
tact closure or a binary voltage level going to 1 of any 
one of 8 points in the first contact sense byte as an 
interrupt condition. 

The contact sense adapter also has the capability, 
under program command, of performing a timeout. 
This timeout is initially set to be from 30 microseconds 
to 4 seconds by the customer engineer at installation 
time. When performing this timeout, the contact sense 
adapter initially samples and delivers the number of 
bytes requested, presents the channel end status and 
then initiates the timeout. At the conclusion of the time
out period, the device end status is set. 

Commands 

The contact sense adapter recognizes and operates on 
the following commands (the bit configuration is 
shown in Figure 20) . 

Read A: On recognition of the read A command, the 
contact sense adapter samples the contact points start
ing with the first byte. Each byte of data is transferred 
in succession to the 110 channel until either the last 
byte in the adapter has been delivered or a STOP has 
been received from the channel. 

Read B: On recognition of the read B command, the 
contact sense adapter samples the contact points start
ing with the seventh byte. Each byte of data is trans
ferred in succession to the 110 channel until either the 
last byte in the adapter has been delivered or a STOP 

has been received from the channel (this command is 
valid only when the first extension feature is obtained). 

Read C: On recognition of the read C command, the 
contact sense adapter samples the contact points start
ing with the 13th byte. Each byte of data is trans-
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Bit Configurations 

Commands 0 2 3 4 5 6 

Read A 0 0 0 0 0 0 

Read A with Timeout 0 0 0 0 0 

Read B 0 0 0 0 0 

Read B with Timeout 0 0 0 0 

Read C 0 0 0 0 0 

Read C with Timeout 0 0 0 0 

Diagnostic Read Odd 0 0 0 0 

Diagnostic Read Even 0 0 0 0 0 

Figure 20. Bit Configuration for Contact Sense Adapter 
Commands 
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ferred in succession to the 110 channel until either the 
last byte in the adapter has been delivered or a STOP 

has been received from the channel (this command 
is valid only when the second extension feature is 
obtained). 

Read A with Timeout: This command is identical to 
the read A command except that at the end of the read 
A operation, the channel end status is presented and a 
timeout is initiated. At the completion of the timeout, 
the device end status is delivered (this command is 
valid only when the first extension feature is obtained). 

Read B with Timeout: This command is identical to 
the read B command except that at the end of the read 
B operation, the channel end status is presented and a 
timeout is initiated. At the completion of the timeout, 
the device end status is delivered. 

Read C with Timeout: This command is identical to 
the read C command except that at the end of the 
read C operation, the channel end status is presented 
and a timeout is initiated. At the completion of the 
timeout, the device end status is delivered (this com
mand is valid only when the second extension feature 
is obtained). 

Diagnostic Read Odd: With this command, the con
tact sense adapter circuitry sets the odd bytes to a 
logical 1 and the even bytes to a logical O. A normal 
read A operation is then performed. 

Diagnostic Read Even: \\lith this command, the con
tact sense adapter circuitry sets the even bytes to a 
logical 1 and the odd bytes to a logical O. A normal 
read A operation is then performed. 

Extension Features 

The contact sense adapter provides for the sampling 
of 48 external points. The two extension features allow 
the number of contact points to be expanded to 96 
and 144. The first extension feature validates the read 
B and the read B with timeout commands, and the 



second extension feature validates the read C and the 
read C with timeout commands. 

Adapter Operation 

The external contact or voltage points are connected 
to the contact sense adapter through a two-wire cir
cuit. Detailed information concerning the line re
strict, timing, and voltage levels for this connection 
is available in the IBM 2701 Data Adapter Unit Origi
nal Equipment Manufacturers Information, Form A22-
6844. 

The contact sense adapter has three wire options, 
which may be taken at installation time. 

Interrupt Lines: The first byte in the contact sense 
adapter may be used as interrupt lines to the I/O 

channel. As a wire option, anyone or all of the eight 
points in the first byte may be wired for the interrupt 
condition. 

Contact Closure vs. Voltage Levels: As a wire op
tion, any byte may be wired to recognize either a 
contact closure or a binary voltage level. 

Length of Tinwout: The timeout may be set from 
30 microseconds to 4 seconds. 

Read Operation: Read operation is initiated by the 
contact sense adapter accepting anyone of the six read 
commands. On recognizing a read command, the con
tact sense adapter samples the first or seventh, thir
teenth byte of contact points and presents it to the 
I/O channel. The operation of the multiplexor channel 
is in the multiple byte or burst mode. The contact sense 
adapter samples each byte in turn and transfers it to 
the channel until either the last byte in the contact 
sense adapter has been delivered to the channel or a 
stop has been received from the channel. The last byte 
of data is either the 6th, 12th or 18th byte, depending 
on the number of extension features acquired. 

After transferring the last byte of data, the contact 
sense adapter sets the channel end and, if the com
mand is not with timeout, sets the device end status 
to the channel, thereby ending the command. If the 
timeout was called for, the channel end status is set 
and the timeout initiated. At the completion of the 
timeout, the device end status is set. 

The timeout may be used in conjunction with com
mand chaining to additional read commands to allow 
successive samplings of the data prior to the program 
being called in to analyze the operation. 

For example, consider the case where the timeout 
has been set to 1 second and it is desirable to have five 
samples of the data occur within a 5-second period 
prior to interrupting the program. To accomplish this, 
the programmer sets up five read commands. The first 
four commands are read with timeout commands with 

the command chain flag on. The fifth is a read com
mand with no flag for command chaining. 

After the first read command is accepted and oper
ated on, the channel end status is delivered to the 
channel and the I-second timeout is started. On com
pletion of the timeout, the command is ended with the 
device end status. Command chaining then occurs to 
the second read with timeout command and the pro
cedure repeats itself. After the fourth read with time
out command has been completed, command chaining 
occurs to the fifth and final read command. At the 
completion of the last data transfer, the channel end 
and device end status is set. This status canses a pro
gram interruption, thus notifying the program of the 
completion of the operation. The programmer now has 
five samples of the contact conditions as they existed 
at I-second intervals. 

Care should be exercised while operating on the 
selector channel when using command chaining. When 
command chaining is indicated, the channel is not 
released on the presentation of the channel end status. 
When the device end status is delivered, the channel 
performs the command chain operation without allow
ing selection of any of the other possible control units 
on the channel. 

The timeout operation may also be used to perform 
contact sampling at a sufficiently high sampling rate 
to ensure the capture of any event. When multiple sam
pling rates are required, the timeout should be set to 
satisfy the highest sampling rate. The placement of the 
higher frequency response points in the lower byte 
positions of the contact sense adapter, allows the pro
grammer to sample the higher sampling rate points 
without having to sample the lower sampling rate 
points. 

For example, consider the case where one set of 
contacts must be sampled at a rate 5 times that of other 
contacts. The timeout must be set for a sampling 
rate at least as high as the contact requirement. 
The programmer then sets up five read with timeout 
commands with command chaining. The byte count for 
the first four commands should be just large enough 
to allow the sampling of the higher response points. 
The fifth command has a byte count large enough to 
allow the sampling of all the points. This example was 
for a condition where there were contacts with only 
two different response requirements. Outside of pro
gramming complications, there is no reason why this 
may not be expanded to an additional number of 
response requirements. In fact, the availability of the 
read A, B, and C commands, the timeout, and the 
interrupt lines allows the programmer or system de
signer to use his ingenuity to solve his operational 
problems in the most efficient manner. 
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Interrupts 

As explained in the Wiring Option section, when one 
or more of the eight possible points in the first byte of 
the contact sense adapter closes or goes to a logical 
1 an interrupt will be recognized. In all cases, the 
interrupt sets the attention status bit. When an inter
rupt is recognized during the operation of a com
mand, the device end, channel end and attention status 
is set. If a timeout is in progress, it is terminated. \Vhen 
no command is present, the attention status causes an 
interrupt on the channel. A read A command must be 
given in order to determine the contact caused by the 
interrupt. The interrupt condition is not captured by 
the contact sense adapter. This means the read A com
mand must be returned in sufficient time to allow the 
sampling of the first byte in the contact sense adapter 
prior to the stimulus of the interrupt condition dis
appearing. 

Diagnostics 

The diagnostic operation is initiated by either of the 
two diagnostic read commands, namely, diagnostic 
read odd or diagnostic read even. On the acceptance 
of the diagnostic read even command, the input cir
cuits corresponding to the even bytes in the contact 
sense adapter are set to binary 0 and the odd bytes 
are set to binary 1. Likewise, the diagnostic read 
odd command sets the input circuits corresponding to 
the odd bytes to binary 1 and even bytes to binary O. 

After the conditioning of the interface circuitry, 
the contact sense adapter operates on the diagnostic 
command as though a read A command were given. 
That is, the bytes are sampled and delivered to the 
channel until either the last byte has been transferred 
or a STOP has been received from the channel or an 
interrupt has occurred. In either case, the device end, 
channel end status is given. 

If any of the points in the first byte have been wired 
for interrupt, the attention status is also given in the 
diagnostic read odd command; however, the command 
is not terminated by this interrupt. In this manner, with 
the use of both diagnostic read commands, it can be 
,laf-a .. ..v>;na,l uThaiha .. f-ha ,.,nnf-..,,.,f- ~an"a ..,,l..,nf-a.. ,.,..,n 
...... \....I\..\...I.1.J.J..l.J.J..'-'u YV.1..J. .......... .I..I'-'.1. \,.1..1\...1 \...-V.I..J.\."""",\,, ",\....I.I..J.o3"-' «'\...I.U1"\.\....I.I. '-'" . .1..1. 

recognize both a zero and a one condition for each 
point and interrupt condition. This can be done with
out physically disconnecting the input cable; the only 
exception is where one or more bytes are wired for 
voltage sensing and any of these bytes are in a logical 
1 condition. In this case, it is not possible for ihe diag
nostic read commands to set these points to a logical 
o condition. 

Speed of Operation 

The speed of operation of a contact sense device is 
normally measured by the number of points per second 
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which the device can sample. This is a difficult param
eter to define for the general case; for the sampling 
rate is dependent on variables such as the model and 
channel of the System/360 that the 2701 is connected 
to, and the other devices operating on the same or 
other channels as the contact sense adapter. The speed 
of operation is also determined by the number of points 
that are read with each selection. Reading just one 
byte per selection results in a relatively low sampling 
rate; sampling 18 bytes per selection results in a rela
tively higher sampling rate. The contact sense adapter 
will transfer bytes to the channel at the maximum 
channel rate. 

Status Byte 

The contact sense adapter can present the following 
terminating status conditions: 

Channel End: The channel end appearing by itself 
indicates that the data transfer is complete; however, 
the contact sense adapter is not prepared to accept 
additional commands. This is due to the contact sense 
adapter performing a timeout. 

Device End Status: The device end status appears by 
itself only when the channel end status has previously 
been presented. The device end status indicates that 
the contact sense adapter is prepared to accept another 
command. 

Device End Attention: This status appears when the 
channel end status has previously been given and an 
interrupt condition has occurred. This can occur for 
one of three reasons: 

1. A timeout has been terminated by an interrupt. 
2. A timeout has been completed, but the interrupt 

occurred prior to the device end signal being accepted 
by the channel. 

Device End, Channel End: This status appears when 
a data operation has been successfully completed. 

Device End, Channel End, Attention: This status 
appears when an interrupt condition has occurred 
either during a read operation or after the operation 
has been completed but not yet accepted by the 
channel. 

Attention: The attention status appears by itself 
when a contact sense adapter is not operating on a 
command and an interrupt condition occurs. 

Sense Byte 

The contact sense adapter does not set any sense con
ditions. 

Contact Operate Adapter 

The Contact Operate Adapter provides contacts 
which are set on program command for external 
sampling. Each contact point set is held in the set 
( closed) condition until directed by an additional 
program instruction to release the contact point. The 



program has the ability of picking and dropping each 
contact point without disturbing the condition of the 
other contacts. The basic Contact Operate Adapter 
comes with 48 contact points and is expandable in 
steps of 48 to 96 or 144 contact points. When operating 
on the multiplexor channel, the Contact Operate 
Adapter forces the multiple byte mode of operation. 
Momentary contact closures can be achieved through 
the use of the timeout operation and command chain
ing, as will be discussed in the following sections. 

Commands 

The Contact Operate Adapter decodes and executes 
the following commands. (See Figure 21 for bit con
figuration. ) 

Bit Configurations 

Commands 0 2 3 4 5 6 7 

Write A 0 0 0 0 0 0 0 

Write A with Timeout 0 0 0 0 0 0 

Write B 0 0 0 0 0 0 

Write B with Timeout 0 0 0 0 0 

Write C 0 0 0 0 0 0 

Write C with Timeout 0 0 0 0 0 

Diagnostic Read o 0 0 0 0 0 o 

Figure 21. Bit Configuration for Contact Operate Adapter 
Commands 

Write A Command: The write A command starts the 
data transfer to the first byte of the Contact Operate 
Adapter. The bytes are brought in one at a time from 
the channel to the Contact Operate Adapter's registers. 
A 1 condition will cause a contact to set (close); a 
o condition will cause a contact to be reset (open); 
contacts which are not required to change condition 
by the write operation will not open or close, that is, 
a contact which is closed remains closed, and a con
tact which is open remains opened without any mo
mentary changes in condition. 

Write B Command: The Write B Command starts 
the data transfer to the seventh byte of the Contact 
Operate Adapter. The bytes are brought in one at 
a time from the channel to the Contact Operate 
Adapter's register. A 1 condition will cause a con
tact to close; a 0 condition will cause a contact to 
open. Contacts which are not required to change con
dition by the write command will not close or open, 
that is, a contact which is closed remains closed, and 
a contact which is open remains opened without any 
momentary changes in condition. The operation will 
be terminated with the device end, channel end status 
after the last byte has been obtained or a stop signal 

received from the channel. (This command is valid 
only when the first or second extension feature is 
obtained. ) 

Write C Command: The write C command starts 
the data transfer from the 13th byte of the Contact 
Operate Adapter. The bytes are brought in one at a 
time from the channel to the Contact Operate Adap
ter's registers. A 1 condition will cause a contact to 
set (close); a 0 condition will cause a contact to reset 
( open). Contacts which are not required to change 
condition by the write command will not experience 
any momentary opens or closures, that is, a contact 
which is closed remains closed, and a contact which 
is open remains opened without any momentary 
changes in condition. The operation will be terminated 
with the device end, channel end status after the last 
byte has been obtained or a stop signal received from 
the channel. (This command is valid only when the 
second extension feature is obtained.) 

Write A with Timeout: This command is operated 
in the same manner as the write A command, except 
that after the last byte or a stop signal has been re
ceived from the channel, the Contact Operate Adapter 
will set the channel end status and initiate a timeout. 
At the completion of the timeout, device end status 
will be set. 

Write B with Timeout: This command is operated 
in the same manner as the write B command, except 
that after the last byte has been received or a stop 
signal has been received from the channel, the Contact 
Operate Adapter will set the channel end status and 
initiate a timeout. At the completion of the timeout, 
device end status will be set. (This command is valid 
only when the first extension feature is obtained.) 

Write C with Timeout: This command is operated 
in the same manner as the write C command, except 
that after the last byte has been received or a stop 
signal has been received from the channel, the Con
tact Operate Adapter will set the channel end status 
and initiate a timeout. At the completion of the time
out, device end status will be set. (This command is 
valid only when the second extension feature is ob
tained. ) 

Diagnostic Read: The diagnostic read operation 
causes one byte of data to be read to the I/O channel. 
The first bit in this byte is the OR' ed function of the 
contact conditions of the first bit position in each byte, 
that is, if the first, 13th, 20th, 27th, 34th, or 41st contact 
is closed, the first bit in the read byte will be a l. If all 
are opened, the bit will be a O. Likewise, the second 
bit position in the read byte is the OR' ed function of 
the second bit in each byte of the Contact Operate 
Adapter. This continues until the eighth bit in the 
read byte becomes the OR' ed function of the eighth 
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bit position in each byte of the Contact Operate 
Adapter. 

Extension Features 

The Contact Operate Adapter provides 48 contacts 
for external sampling. Through the use of the two 
extension features, the number of contacts can be ex
tended to 96 and 144, respectively. The first extension 
feature validates the write B commands, and the sec
ond extension feature validates the write C commands. 

Adapter Operation 

The Contact Operate Adapter presents a two-wire per 
contact interface for external sampling. Detailed in
formation concerning the timing and contact readings 
for this connection will be available in the IBM 2701 
Data Adapter Unit Original Equipment Manufacturers 
I nformation, Form A22-6844. 

The length of the timeout may be set at installa
I tion time to be anywhere from 30 microseconds to 4 

seconds. 
Write' Operation: The write operation is initiated by 

the Contact Operate Adapter accepting anyone of the 
six write commands. Upon recognizing a write com
mand, the Contact Operator Adapter will accept the 
first byte of data from the 110 channel and place it in 
the contact operate register in the first, seventh, or 13th 
byte position, depending upon the command. The con
tact operate register maintains the current condition 
for each contact point. A logical 1 stored in a contact 
operate register position will cause the associated con
tact to be held closed (set). This register does not need 
to be cleared prior to loading in a new byte of data. 
This allows the contacts, once set, to remain set during 
loading operations on other contacts. As soon as a bit 
position in the contact operate register is loaded with 
a logical 1, the corresponding relay will commence the 
setting of the contact. The contact operate adapter uses 
reed relays and the set time is approximately 1 milli
second. When a bit position contains a 0, the cor
responding relay will be reset (open). The reset time 
is in the order of several hundred microseconds. 

Once the first byte of data has been loaded into the 
contact operate register the Contact Operate Adapter 
will request the next byte of data from the 110 channel. 
The operation is terminated when either the last byte 
of data has been loaded into the contact operate regis
ter, the last byte of data being either the sixth, 12th, 
or 18th byte, depending upon the number of extension 
features obtained, or a stop signal is received from the 
110 channel. When the command is without a timeout, 
the device end, channel end status is set. When the 
command is with a timeout, the channel end status is 
set, and a timeout operation is initiated. At the com
pletion of the timeout the device end status is set. 
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The programmer will find it most helpful to maintain 
a mirror of the contact operate register within core. 
With this, the programmer has an indication of the 
exact status of every contact in the Contact Operate 
Adapter. This also aids in the setting of the Write 
message. For example, when a contact point needs to 
be changed, the programmer need only change the bit 
position as it appears in core and perform a Write A, 
Write B, or Write C with the byte count just large 
enough to ensure that the bit change is transferred to 
the Contact Operate Adapter. 

When the need exists for momentary contact clos
ures, the contact operate timeout commands should 
be used. For example, consider the case where a 
contact needs to be closed for a period of 3 seconds 
and then opened, the timeout set to 1 second. To do 
this, the programmer sets up four write commands. 
The first three write commands are with timeout and 
command chaining. The fourth command is without 
a timeout. With the first write command, the pro
grammer sets the contacts to the initial conditions. 
The second and third write commands can either 
rewrite the same data that was written with the first 
write command or rewrite just one byte. The latter can 
be done because the command does not change any 
contact conditions. The commands are needed only to 
initiate a timeout. This technique is used to reduce the 
system interference. The fourth write command causes 
the required contacts to be opened. The Contact Oper
ate Adapter, when receiving the first write command, 
loads the contact operate register, thus setting the 
contacts in the initial condititons. After the last byte 
is transferred, the channel end status is presented and 
a timeout initiated. At the end of the I-second time
out, the device end status is presented. Command 
chaining then occurs to the second write command. 
After the data transfer initiated by the second write 
command has been completed, the channel end status 
is presented and the timeout initiated. At the termi
nation of the timeout, the device end status is set, 
and chaining occurs to the third write command. The 
third write command is operated on by the Contact 
Operate Adapter as is the second write command. 
After the third I-second timeout is completed, the Con
tact Operate Adapter sets the device end status and 
the channel command chains to the final write opera
tion. The data transfer in this write operation causes 
the applicable contacts to be reset. At the completion of 
the data transfer, the device end, channel end status is 
presented, and an interrupt occurs. The interrupt in
forms the program that the operation has been com
pleted. This example would have been much simpler if 
the length of the timeout were 3 seconds rather than the 
1 second specified. An example with the length of 



timeout at 1 second was given, however, to illustrate 
the techniques that can be used to accomplish the 
momentary contact closures when the timeout period 
is less than that of the contact closure period. These 
techniques can be expanded to show contact closures 
of different periods. For instance, some of the contacts 
could have been closed for 1 second and 2 seconds as 
well as for 3 seconds. All that need be done to perform 
this operation is to put the proper data in the second 
and third write with timeout commands. When vari
able-length momentary contact closures are required 
in the system, the length of the timeout should be set 
to either the shortest contact closure or the lowest 
common denominator of the several momentary con
tact closures. 

Diagnostics 

The diagnostic operation is initiated through the diag
nostic read command. In the contact operate adapter, 
the reed relays occur in pairs, one pair going to the 
external interface and the other being used for diag
nostics. Both contacts are picked by the same relay 
coil and circuit. The byte of data received on a diagnos
tic read command is a composite of all the contacts in 
the Contact Operate Adapter. The diagostic contacts 
driven by the first bit in each hyte of the Contact 
Operate Adapter are OR' ed to the first bit position in 
the diagnostic read byte. In the same manner, the 
diagnostic contacts from the second bit position in 
each byte of the contact operate adapter are OR' ed 
together to the second bit position in the diagnostic 
read byte. With the use of alternating diagnostic write 
and read commands, the operation of each relay coil 
can be checked. Such an operation might be as follows: 
First, to check the capability of each relay call to drop 
out, perform a write command which sets all the bit 
positions in every byte equal to 1. Command chain
ing is applied to a diagnostic write command which 
sets all the bit positions in every byte equal to logical 
O's. Command chaining is then applied to a diagnostic 
read command. The diagnostic read byte should be 
all O's. When this test is successfully completed, it is 
known that each contact which can be closed can also 
open. To determine whether the contacts can be closed, 
the following operations should be performed: 

1. Issue a write command which sets all the bits in 
the first byte to logical 1's and all other bits in the 
other bytes to logical 0' s. 

2. Command chain to a diagnostic read command. 
The bits in the received byte should all be 1's. This 
shows that the contacts connected to the first byte can 
be closed. 

3. Issue a write command which sets the bits in the 
first byte equal to logical O's and all bits in the second 

byte equal to logical 1's. (All other bits in the contact 
operate register will be 0 from preceding commands.) 

4. Command chain to a diagnostic read command. 
The diagnostic read byte should be all 1's. This shows 
that the contacts operated by the second byte can be 
closed. 

5. Continue this procedure, alternating write opera
tions with diagnostic read operations until it is verified 
that all the contacts can be closed. 

The completion of this operation verifies that the 
relay coils in the Contact Operate Adapter can cause 
contacts to be closed and opened. The condition of the 
actual operate points has not been checked by this 
operation. However, when trouble occurs, the success
ful completion of the diagnostic operation verifies the 
operation of the Contact Operate Adapter up to the 
actual operate points. 

Speed of Operation 

The speed of operation of a contact operate device is 
normally measured in the time required for a point to 
be set or reset and the number of points per second 
which the device can set. The contact operate adapter 
points act within 1 millisecond and resets in hundreds 
of microseconds. The latter parameter is difficult to 
define for the general case, for the rate is dependent 
upon variables such as the model and channel of thp 
System/360 which the 2701 is connected to and the 
other devices operating on the same or other channels 
as the Contact Sense Adapter. The speed of operation 
is also determined by the number of points which are 
set with each selection. Setting just one byte per selec
tion results in a relatively low sampling rate while 
sampling 18 bytes per selection results in a relatively 
higher sampling rate. The Contact Operate Adapter 
will obtain bytes from the channel at the maximum 
channel rate. 

Status Byte 

The following statuses may be set by the Contact 
Operate Adapter. 

Device End: The device end status appearing by 
itself indicates that the channel end status has been 
previously set and that the timeout operation has 
been completed. 

Channel End: The channel end status appearing by 
itself indicates that the data transfer has been com
pleted and a timeout is in progress. 

Device End, Channel End: The device end, channel 
end status indicates that the write operation has been 
successfully completed. 

Sense Byte 

Contact Operate Adapter does not set any sense con
ditions. 
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Serial Synchronous Adapter (SSYA) 

The Serial Synchronous Adapter (SSYA) sends and re
ceives serial synchronous data at rates up to 2 million 
bits per second; no lower limit is imposed. \Vhen 
operating with a given system, this maximum data 
rate can be reduced by restrictions imposed by the 
processor, its programming requirements, I/O channel 
capacity, system configuration, and so forth. Operation 
may be on either the selector or multiplexor channel, 
various system requirements permitting. Connection is 
made to a bit reconstructor or synchronizer or to a 
communication channel (or medium) through modu
lation-demodulation equipment ( a modem) . The 
modem converts the 2701's binary DC signals into 
a form suitable for the communication channel, 
for example, a data set or radio receiver. The 
modem must be a type that provides clocking signals 
to the attached digital device (2701 in this case). 
The SSYA operates in byte or burst mode on the multi
plexor channel. 

An optional feature provides the SSYA with the ca
pability of acquiring frame synchronization when re
ceiving data. The adapter becomes synchronized 
when it recognizes the first frame sync pattern. The 
pattern may be from 10 to 32 bits long; it is set into 
the hardware at installation time. Once synchronized, 
it will check for a pattern at the beginning of each 
ensuing frame. The data portion of the frame (the 
record) may range from 8 to 4,096 bits in length. 
Records must be of fixed length in a single transmis
sion, and each frame must follow immediately after 
the previous one. The record length for a particular 
transmission is set by the program before beginning 
to receive. 

Functional Description 

The basic adapter operates with the System/360 I/O 

channel through the XIC and is composed of three 
functional sections. 

Data Section: This section provides the required 
data assembly and buffer registers, as well as data 
control logic. Data received serially by bit are assem
bled through a shift register into characters and ihell 
transferred to the I/O channel. Transmitted data are 
accepted from the I/O channel one character at a time 
and then shifted out one bit at a time. 

Controls Section: This section of the adapter pro
vides the logic for over-all control of the adapter, in~ 
eluding its data and external device interface sections, 
and operation with the I/O channel and the XIC. 

External Device Interface: This section provides the 
interface (data and control) between the attached 
modern and the adapter, induding all Bne drivers and 
terminators. Timing and various control line require
ments are accommodated here. The modern interface 
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available provides for connection to the Western Elec
tric Data Set 301B. A second type of interface is 
provided for connection to bit reconstructor and bit 
synchronizers. 

Commands 

The SSY A decodes and executes the following com
mands (see Figure 22 for bit configuration): 

Commands Bit Configuration 

Basi c SSYA-Channel Commands 

0 1 2 3 4 5 6 7 

Write 0 0 0 0 0 0 0 1 

Read 0 0 0 0 0 0 1 0 

Disconnect 0 0 0 0 1 0 1 1 

5)",chronous Pattern Recognition Commands 

Lock-Read 0 0 0 0 0 1 1 0 

Load-Count-Low 0 0 0 0 1 1 1 1 

Load-Count-High 0 0 0 0 0 1 1 1 

Diagnostic Commands 

0 1 2 3 4 5 6 7 

Read-Loop 0 0 0 0 1 1 1 0 

Write-Loop 0 0 0 0 1 0 0 1 

Figure 22. Bit Configuration for Serial Synchronous Adapter 
Commands 

Read: This command causes the SSYA to accept serial 
data, shift the data through the assembly/disassembly 
register, and pass the assembled bytes to the channel 
at a data rate equal to that of the terminal device. 

W rite: This command causes bytes to be transferred 
from the channel to the SSYA assembly/disassembly 
register and be shifted out serially by bit to the termi
nal device at a data rate equal to that of the terminal 
device. 

Disconnect: This command causes the SSYA to cease 
present operations and prevents further operations 
with the terminai device. This is done by turning orr 
the processor ready signal on the external interface. 
The command then ends. 

Load Count-Low: This is a one-byte control com
mand used to specify the number of bits in a frame. 
The six low-order bits of the command byte are loaded 
into the six low-order positions of the count reset reg
ister. As explained in the following discussion, this 
register maintains the frame bit count. 

Load Count-High: This is a one byte control com
mand which completes the specificatiuIl of the frame 



length. The six low-order bits of the command byte 
are loaded into the six high-order positions of the count 
reset register. 

Write-Loop: This is a diagnostic command that 
allows the program to test the operation of the adapter. 
It causes the high-order end of the assembly I disassem
bly register to be looped into its low-order end. 

The adapter accepts this byte of data from the chan
nel. The character received is placed in the assemblyl 
disassembly register's high-order end and then shifted 
into the low-order end. When this operation is com
plete, the command ends. 

Read-Loop: This diagnostic command should be 
issued after a write-loop command to retrieve the test 
character. When accepted, the character stored in the 
al d register's low-order end is shifted into its high
order end and then transferred back to the 110 channel 
through the transfer register. The adapter then ends 
the command. 

Special Features 

Synchronous Pattern Feature: With this optional 
feature, the SSYA is capable of detecting one specified 
synchronization pattern appearing at fixed intervals 
in the received data stream. This feature operates only 
when the 2701 is receiving data. The pattern may be 
from 10 bits up to 32 bits in length (the length being 
a selective feature) . 

External Device Interface Feature: The external 
device interface is a selective feature; that is, when 
ordering, one of the following must be chosen: 

Type A - Interface for Western Electric Data 
Sets 301B or their equivalent. 

Type B - Interface for bit constructors and bit 
synchronizers. 

Type A - This interface allows the SSYA to operate 
with the Western Electric Data Set 301B or its equiva
lent over a broadband communication channel such 
as Telpak A. The data rate is 40,800 bps with Data 
Set 301B. The data rate may be less for other data sets. 
The SSYA provides and operates with the following 
lines: 

Receive Data (RD): The data is received serially 
by bit over this line. The data is clocked by the serial 
clock receiver line. 

Send Data (SD): The SSYA places data to be trans
mitted on this line. The data is clocked out by the serial 
clock transmit line. 

Serial Clock Receiver (SCR): When receiving, suc
cessive bits are sampled or strobed on the receive data 
line upon each on-to-oH transition of this line. 

Serial Transmit Clock (STC): When transmitting, the 
adapter gates successive bits out over the send data 
line with each oH-to-on transition of this line. 

Send Request (SR): This line is used to indicate to 
the data set that the data processing system desires to 
send data. 

Clear to Send (cs): This signal is turned on by the 
data set in response to the request to send signal. The 
SSYA can transmit data only when this line is up. 

Type B - This interface is provided for the connec
tion and operation of various bit reconstructors and syn
chronizers. Not all of the signals provided by the SSYA 

need to be used by each and every device; however, 
those signals not used will be strapped to the proper 
condition at installation time. The function of the lines 
are described below. For further information concern
ing the signal levels refer to the IBM 2701 Data 
Adapter Unit Original Equipment Manufacturers In
formation, Form A22-6844. 

Data In: The data is received serially-by-bit over 
this line. The data is clocked in by the receiving clock. 

Data Out: The SSYA places data to be transmitted 
on this line. The data is clocked out by the trans
mitting clock. 

Transmitting Clock: This signal must be provided by 
the external device if the system is to transmit data. 
It is used as the adapter's prime clock signal in normal 
write operations. When sending, the adapter gates 
successive bits out over the data-out line with each 
oH-to-on transition of the transmitting-clock control 
signal. 

Receiving Clock: This signal must be provided by 
the external device if the system is to receive data. It 
is used as the adapter's prime clock signal in all normal 
read operations. When receiving, successive bits are 
sampled or strobed on the data-in line upon each 
on-to-oH transition of the receiving-clock control line. 

Request to Send: The request-to-send signal may be 
used to indicate to the external device that the data 
processing system desires to send a message. In cer
tain situations, it can also be used as a start-of
message signal to indicate or tag the beginning of an 
outgoing (from the processor) message. 

The signal is turned on when the write command is 
decoded by the SSYA, provided the receiving-interlock 
control line is off. It remains on until it is turned oH by 
either of the following conditions: 

1. The last character of a message has been trans
mitted when operating on the write command, that is, 
request to send is turned oH as soon as the last char
acter received from the 110 channel has been trans
mitted after receiving a stop signal from the 1/0 

channel. 

2. The reset signal from the XIC turns on. 
If the receiving interlock (by being on) prevents the 

request to send from turning on, an interface error 
condition occurs. The current command will be ended 
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immediately with unit check status on and the timeout 
bit in the sense byte set. 

Processor Receiving: This signal is on while the SSYA 

is accepting data from the external device over the 
data-in line. It is turned on if the following conditions 
occur: 

1. A read command is decoded by the SSYA when 
receiver on is on and start of message is on. 

2. The read command is being decoded by the SSYA 

when receiver on is on and start of message is off. 
Processor receiving will turn on when start of message 
turns on, provided clear to send is off. 

The processor-receiving signal is turned off if one of 
the following conditions occurs: 

1. The read operation ends. 

2. Receiver on turns off before the current read com
mand ends (an error condition). 

3. A byte overrun occurs. 

Processor Ready: The processor ready signal provides 
the processor and its program with a means of signaling 
its conditions for handling data with the external de
vice. When on, it indicates that the system is ready to 
handle transmissions. This control signal is turned on 
by any valid read or write command except read-loop 
and write-loop. Processor ready will remain on until 
turned off by the processor via the disconnect com
mand, or presence of a reset. 

Interlock: This signal may be used by the external 
device to indicate its current status. When on, it in
dicates that the device is in operation with its power 
on and ready to send or receive data. When off, the 
device is considered to be inoperable, which is defined 
as a communication fault condition if a valid read or 
write command other than read-loop and write-loop 
is present. If this occurs, the SSYA ends the current 
command immediately with unit check status on and 
the intervention required sense bit set. The adapter 
is then reset. If interlock is off, attention status will 
not be signaled. If the external device does not supply 
an interlock signal, this line must be strapped on within 
the adapter. 

Clear to Send: This signal is caused to turn on by 
the external device in response to the turning on of 
request to send; it is provided so that the external 
device can indicate its readiness to receive data 
(from the SSYA). The SSYA will send data only if this 
signal is on. The first data bit passing from the adapter 
to the external device is gated out upon the first off
to-on transition of the transmitting clock signal occur-
ring after clear to send turns on. 

This signal is turned off by the external device in 
response to the turning off of request to send. 
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\Vhen the attached device does not provide a clear
to-send signal, this line must be tied to the request-to
send signal. 

If this signal turns off before request to send dur
ing the operation of the write command, the SSYA will 
end the command with unit check status on and the 
equipment check bit of the sense byte set. 

Receiver On: This signal is turned on by the external 
device while it is transferring data to the SSYA over the 
data in line. The first valid data bit in a received 
transmission, which is accepted by the SSYA, is the one 
occurring with the next succeeding off-to-on transition 
of the receiving-clock control line. After receiver on 
once turns on, it should turn off while operating on a 
valid read command other than read-loop. The com
mand will be ended immediately with unit check 
status on and the equipment check bit of the sense 
byte set. The processor-receiving signal is reset. If the 
start-of-message signal is on and receiver on is off when 
a valid read command other than read-loop is present, 
the command is ended immediately with unit check 
status on and the equipment check bit of the sense 
byte set. 

If the attached device does not provide the receiver
on-signal, this control line must be strapped on. 

Start of Message: This signal is not used by the 
adapter if the synchronization pattern recognition fea
ture is installed; if such is the case, this signal is 
strapped on within the adapter. 

The signal is available with the basic SSYA to provide 
the external device with the capability of interrupting 
the processor and to initiate a read operation. It also 
has the feature of synchronizing the received data with 
the rise of this signal; hence, the external device can 
act to synchronize the basic adapter with the data. 

If this signal is initially off and turns on, attention 
status is signaled and the receiving bit of the sense 
byte is set, provided no command is present and re
ceiver on and interlock are on. 

lf the read command is being decoded with receive 
and start of message on, then processor receiving is 
turned on and the adapter starts to accept data from 
the external ~~vice over the data-in line. If any com
mand but read is present, the start-of-message signals 
are ignored by the adapter. 

If the attached device does not supply this signal, 
this line must be strapped off. 

Adapter Operation 

The following operations are defined when the sync 
pattern feature is not obtained. 

Data transfer between the Serial Synchronous 
Adapter and the terminal device is made through the 
external device interface. This interface consists of a 



data-in line and a data-out line. Data from the ex
ternal device to the SSYA are handled over the data-in 
line, while data from the SSYA to the external device 
are handled on the data-out line. Either or both of 
these lines may be utilized in operating with a particu
lar terminal device, or in a given situation; however, 
the SSYA is not capable of handling data over both 
lines simultaneously. 

The SSYA handles only binary non-return to zero 
coded (NRZC) bits; that is, it sends and receives binary 
non-return to zero signals. There is a signal tran
sition every time the data changes state and there 
is no signal transition when the data does not change 
state. 

Receive: The receive operation is initiated upon the 
receipt of a read command. Data are received serially 
by bit and character from the terminal device over the 
data-in line of the interface and are shifted into the 
low-order end of the assembly/disassembly register 
until a complete character is held in its high-order 
end. This character is transferred in parallel into a 
transfer register where it is held until accepted by the 
1/ a channel. When accepted, the character is placed 
on the channel's data-in bus. The transfer register will 
not accept another character from the a/ d register 
until the character currently stored is accepted by the 
channel. A byte overrun condition will occur if, while 
receiving data, a data character cannot enter the 
transfer register because the previous character has 
not been accepted by the I/O channel. If this condition 
occurs, the current command is ended with unit check 
status and the byte overrun bit of the sense byte set. 
The adapter is then reset. Normal ending status always 
includes device end and channel end. There are eight
bit times between each service request and the overrun 
condition. The read command is ended when one of 
the following conditions occurs: 

1. Stop from the channel. 
2. Loss of interlock on the interface. 
3. Byte overrun. 

Transmit: A transmit operation is initiated by the 
receipt of a write command. The request to send a 
signal is raised on the external device interface, and 
transmission starts upon receiving the response to the 
clear-to-send signal. Data to be transmitted are re
ceived one character at a time from the I/O channel. 
As soon as the entire preceding character has been 
shifted out of the assembly/disassembly register, the 
adapter obtains the next character from the channel. 
This shifting occurs in proper synchronism with the 
transmitting-clock signal supplied by the external 
device. 

A byte overrun condition occurs when channel 
service cannot be obtained in time for a data char-

acter to be transmitted in sequence immediately fol
lowing the previous character. If this occurs, the 
current command is ended immediately with unit 
check status and the byte overrun nit of the sense byte 
set. The adapter is then reset. There are eight-bit times 
between the request for the next character and an over
run condition. If a stop bit is received from the 
channel in lieu of another data character, this signals 
the end of transmission to the adapter; the command 
will end after all data characters held are transmitted. 

The write command is ended by any of the following 
conditions: 

1. Receipt of a stop signal from the channel. 
2. Loss of interlock on the interface. 
3. Byte overrun. 

The following operations are defined when the sync 
pattern feature is obtained. The following discussion 
relates only to the receive operation. The transmit 
operation is independent of the sync pattern feature. 

The SSYA operates under two modes: search and 
lock. The system as defined by the program can oper
ate in three modes: search, verify and lock. 

Search: The search mode is initiated by a read 
command. While in the search mode, the SSYA does 
not transfer any data to the channel. Instead, it ex
amines the incoming data for the existence of the 
present sync pattern. This pattern is set at installa
tion time and may be from 10 to 32 bits in length. 
As soon as the sync pattern is recognized, the SSYA 

enters the lock mode. The read command is not ended 
at this time. 

Lock Mode: This mode is entered from the search 
mode when the adapter is operating on the read com
mand and sync pattern is recognized. The data portion 
of the record following the sync pattern is transferred 
to the I/O channel. Sync patterns are not passed to 
the channel but are effectively deleted from the re
ceived data stream. The counter is started with the 
first data bit following the sync pattern. The counter 
indicates when the entire record has been received. 
While the counter is running, the sync pattern recog
nition circuit is blinded. The next sync pattern imme
diately follows the data portion of the previous record. 
At this point the recognition circuit is activated and 
the adapter determines whether or not the correct 
pattern is in this proper position. If a pattern is pres
ent, it is likely that the adapter is properly synchro
nized. If not, the adapter may be out of synchronism 
or noise on the communication channel may have 
altered the proper pattern. In any event, the current 
read command is ended; if no errors were found, the 
device end, channel end, and status modifier bits of the 
status byte are set. If an error was detected, the device 
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end, channel end status is set. The ending status is the 
means by which the adapter signals the state of the 
current sync pattern (proper or improper) to the 1/0 

channel. The ending status allows command chaining, 
so command chain lists can be designed to control the 
adapter's operation. 

The sync pattern is shifted out of the aid register 
as new data bits (of the next record) are received. 
The next command must be issued before the first data 
byte of the next record is ready to be transferred to 
the 110 channel in order to avoid byte overrun. If the 
program desires to maintain synchronism (and the 
current lock mode) it must issue the lock-read com
mand. When the entire sync pattern is shifted out of 
the aid register, the bit and byte counters are again 
activated. They will determine when the data portion 
of the record being received ends and will then activate 
the pattern recognition circuit. The lock-read com
mand will then be ended as before with the ending 
status depending upon whether or not the pattern 
was recognized. 

If on the other hand, the program wishes to enter 
search mode, it issues the read command instead. This 
resets the counter and the data is continually scanned 
for a sync pattern as previously described. 

The lock mode continues until either the command 
is ended (as in the normal read command) or the pro
gram causes the return to search mode. 

Programming Notes 

System Modes of Operation: Whereas the SSYA only 
has defined a search and lock mode, a receiving serial 
synchronous PCM telemetry system normally operates 
in one of three modes: search, verify and lock. The 
commands and status bytes of the SSYA are defined so 
as to allow a chain of commands to control the adapter 
in such a way as to derive all three modes of system 
operation. The three modes of operation of the system 
are: 

Search Mode: Upon starting operation or when re
synchronization is desired, the system operates in this 
mode. The SSYA tests for the sync pattern each time a 
new bit is received. The first pattern found causes the 
SSY A to enter the lock mode and the data transfer be
gins. This in effect causes the system to enter the 
verify mode. 

Verify :Mude: The system uses this mode for veri
fication, to a degree, that true synchronism has been 
established. The possibility exists that a data sequence 
was identical to the sync pattern or errors made the 
data appear to be the pattern, that is, synchronism was 
initially established on a false pattern. In such cases, 
the system relies on the fact that data changes and will 
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not appear as the sync pattern in the following records. 
While in this mode, the pattern is not found in the 
proper position, and the system re-enters search mode 
(issues a read command to the SSYA). Generally, a 
system will remain in verify mode for three or more 
records before it establishes true- synchronism and 
enters lock mode. 

Lock Mode: In lock mode, true synchronism has 
been established. However, erroneous patterns may be 
found. This may be due to noise on the communication 
channel or, perhaps, actual loss of synchronism. How
ever, in most cases the system will not leave lock mode 
upon the first detected error. It generally will require 
five or more erroneous patterns in a row before the 
system re-enters search mode. If the system is in lock 
mode and one or more errors have occurred, the sys
tem is said to be in test lock mode; it will return to 
lock mode upon recognition of the first properly posi
tioned correct sync pattern. Figure 23 shows a general 
logic How for this operation, while Figure 24 gives a 

True 
Sync 
Pattern 
Found 

Sync Pattern Missed 

T rue Sync Pattern Found 

m Consecutive 
Sync Pattern 
Missed 

n = the number of consecutive true sync patterns the system requires to 
enter the lock mode. 

m = the number of consecutive missed sync patterns the system requires 
to occept the loss of synchronization and the return to the search mode. 

~. I"'Ion T _" ~1 r C" _. ". 1 
l' 19ure ~,j. LOgIC1' lOW ror .,YSlem lVlOUeS 

sample command chain list which yields this type 
of operation. Dynamic core allocation is used exten
sively in this example. Because of the use of the status 
modifier status to depict a valid pattern, it is at times 
necessary to assign core to two channel commands at 
once. The notes in the figure refer to the assignment 
and release of core for these cases. 

Other schemes may be used, such as the "ping-pong" 
technique where blocks of core are used alternately. 



n=3, m=5 Commands Notes Modes 

Read Can release core Search 
assigned for 7 

2 Tic (to I) 
3 Lock-Read I st correct pattern must Verify 

provide core for 5 and I 
4 Tic (to 1) Verify 
5 Lock-Read 2nd correct pattern Verify 
6 Tic (to I) Verify 
7 Lock-Read 3rd correct pattern must Lock 

provide core for 9 and 
ai can re lease core from I 

8 Tic (to a) Lock 
9 Lock-Read Lock 

10 Tic (to a) Lock 
II Lock-Read Lock 
12 Tic (to a) Lock 

~ ~ 
N ------ Lock 

Commands Notes Modes 

Lock-Read I st bad patterni must Test Lock 
provide for 7 and c 

b Tic (to d) Test Lock 
Tic (to 7) 

1 
d Lock-Read 2nd bad pattern 
e Tic (to 9) 

Tic (to 7) 
g Lock-Read 3rd bad pattern Test Lock 
h Tic to i 

1 
Tic (to 7) 
Lock-Read 4th bad pattern; must 

provide core for I 
Tic (to I) 
Tic (to 7) Test Lock 

Figure 24. Channel Program for Sync Pattern Operation 

System Notes: When the sync pattern feature is ob
tained, the maximum speed capability of the 2701 is 
not reduced. However, when receiving data, the tech
nique of command chaining used to acquire and main
tain synchronism in the adapter will generally reduce 
this maximum speed for a given I/O channel and model 
of System/360 (data transmission is not so affected). 
In this case, the main restriction is the amount of time 
required for the I/O channel to command chain to a 
transfer in channel (TIc) command, which, in turn, 
chains to another read command. The maximum speed 
is also dependent on the length of the sync pattern; 
the shorter the pattern, the slower the maximum pos
sible rate. This is due to the reduction in the number 
of bit times available for the chaining and TIC opera
tion. In a formula for calculating the maximum data 
rate: 

T = The longest time for command chaining to com
plete, including one TIC in the worst case. 

R = Maximum possible data rate. 
L = Length of the sync pattern in bits. 
The maximum possible data rate is then: 

L R=
T 

Status Byte 

The following status conditions can be sent to the I/O 

channel by the SSYA adapter. 
Device End, Channel End Status is the normal ending 

status for all of the basic SSYA commands. This status 
will be issued in ending the read and write commands 
when stop is signaled by the XIC if no unusual condi
tions are present. 

When the sync pattern feature is obtained, device 
end, channel end status is the normal ending status 
for all vaiid commands except read and lock-read. 

Read Status is Signaled in ending the read or lock
read command to indicate that the adapter did not 
find the correct sync pattern in the proper position after 
a record was received. 

Channel End, Device End, and Status ~f odifier Status 
is one that will be set only when the sync pattern 
feature is obtained. This is the normal ending status 
for the read and lock-read commands when the cor
rect sync pattern was found in its proper position 
following the record. 

Device End, Channel End, and Unit Check Status is 
signaled by the XIC if an unusual error condition has 
occurred. A sense byte will be set to further define the 
cause of the interrupt. 

Attention status is signaled if the external device 
signals start of message while the adapter is not oper
ating on a command. The receiving sense bit will be set 
when this condition occurs. 

Sense Byte 

The sense bits for the SSYA are defined as: 

BUS IN POSITION AND NAME CAUSE OF INDICATION 

1 Not operational External device not operational 
(interlock control line off). 

3 Equipment check a. Receiver-on control line off. 
b. Clear-to-send control line off. 

5 Overrun Data service could not be ob
tained within the byte interval of 
the communication line. 

6 Receiving Start-of-message control line 
turns on. 

7 Timeout Attempt to transmit to a half
duplex while it is in receiving 
mode (receiving interlock is on). 
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IBM 2701 Data Adapter Unit 

Principles of Operation 

This manual provides information concerning the operation of the 
IBM 2701 Data Adapter Unit. The manual is divided into three 
sections. 

The first section gives a general description of the 2701, includ
ing: the terminals operating with the 2701, the functional organi
zation of the 2701, the special features on the 2701, and various 
configurations of the 270l. 

The second section describes the operation of the 2701 with 
the System/360. Subjects discussed here include communication 
line addressing, multiplexor and selector channel operation, and 
I/O instructions concerning the 270l. 

The third section covers the 2701's transmission adapters. A 
complete description on the operation of each adapter is made 
here. This description includes transmit and receive operation 
sequences, status and sense bytes, and the polling and addressing 
of the terminals. 
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The IBM 2701 Data Adapter Unit greatly expands the 
input/output capabilities of the IBM System/360 
(frontispiece). The 2701 provides for the connection 
and control of the information flow of a variety of re
mote and local external devices with an IBM System/ 
360 (Figure 1). These devices are divided into three 
types: 

COMMUNICATIONS - START/STOP 

IBM 1030 Data Collection System 
IBM 1050 Data Communication System 
IBM 1060 Data Communication System 
IBM 1070 Process Communication System 
AT & T 83B2 Type Selective Calling Terminals 
Western Union Plan 115A Outstations 
Common Carrier TWX Stations (8-level code) 
European Teleprinters (WTC attachment) 

COMMUNICATIONS - SYNCHRONOUS 

IBM 1009 Data Transmission Unit 
IBM 1013 Card Transmission Terminal 
IBM 7701 Magnetic Tape Transmission Terminal 
IBM 7702 Magnetic Tape Transmission Terminal 
IBM 7710 Data Communication Unit 
IBM 7711 Data Communication Unit 
IBM 7740 Communication Control System 
IBM 7750 Programmed Transmission Control 
IBM System/360 with similarly equipped 2701's 

DATA ACQUISITION AND CONTROL 

Parallel Data Devices 
Contact Sense Terminals 
Contact Operate Terminals 
Serial Synchronous Terminals 

The IBM .'?701 can be attached to either the multi
plexor or selector channel of the System/360. With the 
second channel interface feature, the 2701 can be at
tached to another channel on the same processor 
(multiplexor or selector) or to a channel on another 
processor. This means that different terminal devices 
on the 2701 can operate via the multiplexor channel or 
the selector channel. However, once a terminal device 
is assigned to a channel, it will operate only via this 
channel. 

Functional Sections 
The 2701 Data Adapter Unit provides for the on-line 
attachment of various input! output devices to any of 
the System/360 processors. All necessary bit-byte, 
word-byte conversion, data control, and interface 
matching is accomplished by the two functional sec-
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tions of the 2701: the transmission interface converter 
(XIC) and the transmission adapter (XA). 

The XIC and XA operate as a couple which provides 
a single complete path for the operation of the term
inal devices with the channel (Figure 2). In a 2701 
which has more than one XIC-XA couple, the XIC is 
logically the same for each couple; the XA changes, 
according to the type of terminal devices attached. 
A minimum 2701 configuration contains one XIC-XA 

couple. With the use of special features, the 2701 can 
have up to three more XIC-XA couples. See "2701 Con
figuration" section and Figure 3. 

Transmission Interface Converter (XIC) 

The XIC operates with the I/O interface; stores the 
status, sense, and command bytes; decodes the trans
mission adapter I/O address; developes and checks the 
parity of the data transfers with the I/O channel; re
sponds to specific control unit commands; and operates 
with the transmission adapter. 

Transmission Adapter (XA) 

The transmission adapter contains the circuits neces
sary to perform the functions asociated with a given 
external device or class of terminal devices, such as 
interface control, parity decoding, character and char
acter sequence recognition, data buffering and byte 
conversion, and status and sense byte generation. 

Special Features 

The special features fall into two major classifications. 
There are some special features on the 2701 which 
affect all the transmission adapters, whereas others 
are on a particular transmission adapter and affect 
only that adapter. Only the former will be discussed 
in this section. The special features for the transmission 
adapter will be found in the following sections, in 
which the various transmission adapters are discussed. 

Expansion Feature 

This features provides an additional XIC function for 
the attachment of another XIC-XA couple. The only 
circuitry in common with the first XIC-XA couple is 
the power supplies and the I/O channel interface 
drivers, terminators, and receivers. This sharing of the 
interface circuitry allows additional XIC-XA couples to 
be added without decreasing the total number of addi-
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Figure 1. 2701 in a System Environment 
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Figure 2. 2701 Functional Sections 

tional control units allowable on the I/O channel. With 
the expanded capability feature, up to three expansion 
features are available in the same 2701. 

Expanded Capability Feature 

The expanded capability feature provides for addi
tional XIC-XA couples within the 2701. The expanded 
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capability feature doubles the capability of the 2701. 
For example, with the use of an expansion feature, two 
communication start/stop transmission adapters may 
be housed within the 2701. The expanded capability 
feature allows for two additional communication start 
/stop transmission adapters with their respective ex
pansion features to be housed within the same 2701. 

Second Channel Interface Feature 

The second channel interface feature allows for one 
or more of the XIC-XA couples to be operated on a 
second channel from the other couple in the 2701. This 
second channel may be another channel on the same 
processor (for example, the 2701 basic unit connected 
to the multiplexor channel and the second channel 
interface feature connected to the selector channel) or 
to a channel on a second processor. The extreme would 
be to connect the second channel interface feature 
to the same channel as the 2701 basic unit, but this 
would serve no useful purpose and would unneces
sarily reduce the number of additional control units 
on that channel from seven to six. Once an XIC-XA 

couple is assigned to one or the other channel, it will 
operate only on that channel; there is no capability to 
switch from one to the other. 

Automatic Cal! Feature (ACF) 

The automatic call feature is valid only with some of 
the communications start/stop adapters. This feature 
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allows the terminal device to be dialed, under program 
control over a common carrier switched network. The 
ACF almost falls into the category of special features 
which affect only the particular transmission adapter; 
however, the automatic call feature affects the total 
number of XIC-XA couples allowable in the 2701 and is, 
therefore, discussed here. See the configuration section 
for further details. 

270 J Configuration 
The 2701 configuration is made up of the following 
units and features: 

2701 basic unit 
Transmission adapter 
Expansion feature 
Expanded capability feature 
Second channel interface feature 

Figure 3 shows the maximum 2701 configuration, using 
all of the above units and features. This configuration 
has four transmission adapters, two per gate. As will 
be shown below, this configuration is not possible with 
every transmission adapter. 

The 2701 basic unit s Ipplies the frame, covers, 
power, a logic gate, and a transmission interface con
verter (XIC). To complete the XIC-XA couple, a trans
mission adapter must be obtained. The other units and 
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Figure 3. Maximum 2701 Configuration 
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features are described in the transmission adapter and 
the special features sections. 

Some 2701 transmission adapters require more physi
cal space than others in the 2701 frame. The use of 
these adapters restricts the number of the other XIC-XA 

couples housed within the same 2701. As an aid in 
specifying the configuration capabilities of the 2701, 
the transmission adapters have been grouped into three 
categories (Figure 4). 

The 2701 basic unit gate can accommodate up to two 
category I adapters, one category II adapter, or up to 
two category III adapters. Adapters from different 
categories cannot be housed on the same gate. 

The use of the expanded capability feature gate 
doubles the number of transmission adapters the 2701 
can accommodate. Again, up to two category I adapt'ers, 
one category II adapter, or up to two category III 

adapters can be accommodated on this gate. The trans
mission adapters on the expanded capability feature 
gate can be from the same or a different category as 
the adapters on the 2701 basic unit gate. 

Expansion features must be obtained for each trans
mission adapter after the first. As mentioned earlier, 
the automatic call feature, when ordered on the com
munications start/stop adapters, reduces by one the 
allowable number of category I adapters. The auto
matic call feature, when ordered with the communica-
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I 

I 
l 

I 
I 
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I 
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tion synchronous adapter, does not have this restrict
tion. 

\Vhen more thqn one automatic call feature are 
required, this restriction applies only with the first. 

For example, the first communication - start/stop 
adapter (category I) with an automatic call feature 
completes a gate. The expanded capability feature 
must be obtained in order to add more adapters. With 
the expapded capability feature, in this case, two ad
ditional adapters from catgory I can be attached, and 
both adapters can also have the ACF. (The example 
could just as well have shown one category II or two 
category III adapters on the expanded capability gate. 

The second channel interface feature connects an 
XIC-XA couple on the expanded capability feature gate 
to a second channel. When more than one XIC-XA couple 
are ordered on this gate, one or both couples can be 
connected to the second channel. For example, refer 
back to Figure 3. In the figure one XIC-XA couple on 
the expanded capability feature gate is shown con
nected to the second channel, and the other is shown 
connected to the same channel as the XIC-XA couples 
on the 2701 basic unit gate. Both XIC-XA couples on 
the expanded capability feature gate could just as well 
have been shown connected to the second channel. 
When the second channel interface feature is not 
obtained, all the XIC-XA couples housed within the 
2701 are connected to the same channel. For further 
details on the configuration of the 2701, see the IBM 
System/360 Data Communications and Acquisition 
Configurator, Form A22-6824. 
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and acceptance or rejection of the command. Figure 5 
presents the meaning of each possible status response 
for each of the I/O instructions. 

Start I/O 
There are many commands which may be issued with 
the start I/O instruction or as a result of command 
chaining. vVhere the XIC-XA couple has neither a pre
vious command nor has outstanding status (status bits 
which have been set by either the XIC or the XA, but 
have not yet been accepted by the channel), and a 
valid start I/O command is decoded, all zero status 
will be returned to the channel. This indicates that 
the command has been accepted. 

The sense and I/O no-op commands are the only 
commands resulting from a start I/O instruction or a 
command chain that is decoded and operated on by 
the XIC. (The other valid commands are decoded 
within the XA.) Each XA type accepts a different set 
of commands. Commands with the same bit structure 
may be defined differently for each type of adapter; 
therefore, only the sense command will be discussed 
here. The other commands will be discussed in later 
sections. 

After completing transfer of the all-zero status byte, 
which indicates the 2701's acceptance of the sense 
command, the XIC transfers the sense byte to the chan
nel and then presents terminating status with the de
vice end and channel end bits on. 

dZ 
I 

Commands Start I/O 

Status 
Response I/O No-Op Other 

All Zeros 4 1 

,I} 
2 

) Busy { ~ 5 
{ ~ or 

6 
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Busy 2 2 
and 
Status Register* 

7 

Status Register* 1 4 

3 

Unit Check 4 2 

8 

* The "Status Register" is defined here as an outstanding status 
within a control unit excluding the busy bit (that is, up to 7 bits). 

Figure 5. Status Responses to Instructions and Commands 
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The definition of the bits within the sense byte de
pends upon which adapter is being used with the 
XIC. The sense bits are defined in the following sections, 
which cover the various adapters; however, bits 0 and 
2 are reserved for the XIC: 

Bit 0 - Command Reject. 
This bit is set during an initial selection or com
mand chain sequence when a command byte is not 
successfully decoded by either the XIC or the XA. 

Bit 2 - Bus Out Check. 
This bit is set whenever the XIC detects a parity 
error on the transfer of a byte from the channel 
over the bus-out lines. 

The register within the XIC that holds the sense byte 
is reset by the XIC-XA couple's acceptance of any non
sense start I/O command. 

Test 1/0 
Through the test I/O instruction, the CPU can address
ably obtain the current status byte from any XIC-XA 

couple. 
Upon decoding the test I/O command, the XIC pre

sents the contents of the status register. The test I/O 

command ends with this status transfer. 

Halt 1/0 
Upon detection of a halt I/O, the XIC-XA couple will not 
transfer any further data, and will be "busy" to any 
further commands until terminating status is accepted 
hy the channel. Terminating status is presented to the 
channel as soon as possible. 

l. Command accepted 

2. Command re jected 

3. Command successfully terminated 
with status response 

4. Status response i nva I id for th is 
command 

5. Previous command outstanding 

{ ~ 6. No outstanding status 

7. This status response is valid when 
the "Status Register" contains only 
the device end and channel end 
status 

8. Invalid command 

9. A reset is being performed 

10. This command should not have 
gotten past channel 
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Programming Considerations 
From a programming standpoint, the 2701 appears 
as a number of individual devices (one to four). 
When an operation or a sequence of operations is to 
be performed, the programmer prepares a list of one 
or more channel command words (channel program) 
in main storage. The channel command word signifies: 

1. The command (operation) to be performed: 
write, dial, read, etc. 

2. The number of bytes in the record. 
3. The initial address in main storage where the 

data should be placed when receiving, or the address 
of the first byte to be transmitted when sending. 

4. Channel flag information indicating that another 
channel command word is to be executed when the 
current operation is terminated. 

When the channel command words have been 
formed, the programmer specifies the channel and ad
dress of the XIC-XA couple. The execution of a start 
I/o instruction causes the command, count, data ad-

12 

dress, and control information to be stored in a speci
fied subchannel in the multiplexor channel or in the 
register in the selector channel. The channel then se
lects the 2701's XIC-XA couple, and presents the com
mand to it. The 2701 accepts the command if valid. 
The channel then indicates successful or unsuccessful 
execution of the start I/o instruction to the program
mer. Once the command has been accepted by the 
channel arid the 2701, the CPU program is unaware 
of the continuance of the operation until all the data 
has been received or transmitted, or until the channel 
needs program intervention to perform functions such 
as dynamic storage allocation. Because the channel 
contains all the necessary information pertaining to 
the current operation, data transfer between main 
storage and the XIC-XA couple can be overlapped with 
CPU processing. The extent of the overlap varies, de
pending on the type of channel (multiplexor or selec
tor) and the processor model (30, 40, 50, 60, or 70) 
of the System/360. 
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The transmission adapter (XA) provides for the con
nection and operation of remote and local devices 
with the System/360. The 2701 obtains its personality 
from the transmission adapter it houses. Each trans
mission adapter provides for the attachment and 
operation of a particular device or class of devices 
with the 2701. The transmission adapter contains the 
circuitry and logic for the control of a terminal de
vice, the buffering of the data flow, the decoding of 
the program commands, and the connection to and 
operation with the XIC and the I/O channel. 

Transmission adapters used in the 2701 are classi
fied into one of three types: communications-start/stop 
adapters, communications synchronous adapters, and 
data acquisition and control adapters. 

Communication-Start /Stop Adapters 
Start/stop adapters for the 2701 include the following: 
IBM Terminal Adapter-Type I, IBM Terminal Adapter
Type II, Telegraph Adapter-Type I, Telegraph Adapter
Type II, IBM Telegraph Adapter, and the \\Torld Trade 
Telegraph Adapter. The operation of the 2701 start/ 
stop adapters with the remote terminals requires vari
ous types of communications facilities and data sets 
(Figure 6). Figures 7 and 8 list the 2701 start/stop 
adapters and the terminals that may be operated with 
each. Also listed are the communications facilities and 
data sets required for the operation. 

Programming Considerations 
For those communication-start/stop terminals (1030, 
1050, 1060, 1070, etc.) which can operate with both 
the 2701 and 2702, the operation programs used are 
identical. However, this compatibility does NOT extend 
to diagnostic programs. 

Commands 
The communications-start/stop adapters decode and 
execute the commands listed below. Some commands, 

2701 
Data Adapter Unit 

Interface 

2701 
Data Set 

Communication 
Facility --

Transmission Adapters 

such as read, write, and inhibit, are valid for all adap
ters; other commands, such as dial and search, are 
valid only for certain ones. The commands used by 
each type of adapter are listed in the section for that 
adapter. Binary representation of each command is 
given in Figure 9. 

Read: This command causes bytes to be transferred 
from the communication line to the channel at a data 
rate equal to that of the communication line. 

Write: This command causes bytes to be transferred 
from the channel to the communication line at a data 
rate equal to that of the communication line. 

Inhibit: This command performs the read operation 
but inhibits the time-out function. Otherwise, the 
operation proceeds as if a read command had been 
issued. 

Break: This command causes the 2701 to transmit 
continuolls space signals to the line. Bytes transferred 
from the channel to the addressed unit must all be 
zeros. To provide control over the length of a space 
signal, a byte count must be specified by the program. 

Prepare: This command can be used in a contention 
type communications system to indicate (to the cpu) 
that data are arriving. \Vhen a valid start bit is de
tected while the XIC-XA couple is operating upon a 
prepare command, the command is terminated with a 
device end" channel end status. Prepare can be 
command-chained to a normal read command. No 
data transfer occurs with this command, and timeout 
is not active during its execution. 

Search: This command causes the 2701 to react as 
though a read command has been issued, but data are 
not transferred to the channel. The data line is moni
tored for an EOT (end of transmission). Line timeout 
is active during the execution of this command. This 
command is valid only for the Telegraph Adapter
Type 1. 

Terminal 
Data Set 

Terminal 

Figure 6. Terminal Connection via Data Sets and Communications Facilities 
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Terminal 
I 

Communication Facility 
I 

Terminal Data Set ! 2701 Data Set ! Speed I 2701 Adapters 
I L___ _ - --- _1 

1050 Data Communication System 
1051 Control Unit Model I or 2 I Common Carrier Switched 

I 
V/estern Electric 

I 
Western Electric i IBM Terminal Adapter Type I 

Telephone Network 103A 

I 
I03A 

I 
#4645 

Cammon Carrier Switched (150 bps) 134.4 Baud 
Teletypewriter Exchange (TWX) 
Network I I I Cammon Carrier Leased Private I Western Electric I Western Electric 

I 
14.8 Char/Sec 

I line Telephone Service I 103B or F I 103F I 

Western Union Closs D(180bps) Western Union Western Union I 
Chonnel Data Set 8500 Data Set 8500 

1051 Control Unit Model 1 or 2 Telephone Company Schedule 3 ! 75 _ 0 Baud IBM Terminal Adopter Type I 
with Telegraph Attachment #7873 or Western Union Closs C Channels I Not Required Not Required #4645 

(62.5 ma Neutral signol) 8.33 Char /sec 
I 

1051 Control Unit Model I or 2 Customer-Owned Two-Wire I 134.4 Baud IBM Terminal Adopter Type I 
with Line Adapter #4790 ~tworks Conforming to IBM 1030 I Not Required 

I 

Not Required I # 4645 
Dota Collection System Physical I 14.8Chor/Sec IBM Line Adopter 
Plonning, Form A24-3021 I #4636 

1060 Data Communication System 
1061 Contr·ol Unit Model 1 or 2 Common Carrier Leased Private 1 Western Electric Western Electric 134.4 Baud IBM Terminal Adapter Type I 

Telephone Service 103B 103F #4645 
Western Union Class D (180 bps) 

I 
Western Union Western Union 14.8 Char/Sec 

Channel Data Set 8500 Data Set 8500 
1061 Control Unit Modell or 2 Customer-Owned Two-Wire ! 134.4 Baud IBM Terminal Adapter Type I 
with Line Adopter #4790 Networks Conforming to IBM 1030 I Not Required Nat Required #4645 

Data Collection System Physicol 14.8 Char/Sec IBM Line Adopter 
Planning, Form A24-3021 I #4636 

1030 Dota Collection System 
1031A Input Station I Customer-Owned Two-Wire I 

I 
600 !loud I IBM Terminal Adapter Type II 

Network Conforming to IBM 1030 

I 
Not Required Not Required #4648 

Data Collection System Physical 60 Char/Sec IBM Line Adopter 
Planning, Form A24-3021 #4637 

1031A Input Station Common Carrier Leased Four-Wire Western Electric Western Electric 600 Baud 
IBM Terminal Adapter Type II 

with Common Carrier Adopter #2068 Full Duplex Private Telephone 202B 202B 
Service 60 Char/Sec 

#4648 

Western Union Class E(1200bps) Western Union Western Union 
Channel 1601-A 1601-A 

1070 Process Communications System 
1071 Control Unit Model 1 Common Carrier Leased Private I Western Electric Western Electric 134.4 Baud 

IBM Terminal Adopter Type I Line Telep.hone Service 103F 103F 
Western Union Closs D (180 bps) Western Union Western Union 14.8 Char/Sec #4645 

Channel Data Set 8500 Data Set 8500 
1071 Control Unit Modell Customer-Owned Two-Wire 

I I 
134.4 Baud I IBM Terminal Adopter Type I 

with Line Adopter #4792 Network C.onforming to IBM 1030 Not Required Not Required #4645 
Data Collection System Physical 14.8 Char/Sec IBM Line Adopter 
Planning, Form A24-3021 #4636 

1071 Control Unit Model 2 Common Carrier Leased Four-Wire Western Electric Western Electric 600 Baud 
Full Duplex Private Telephone 2028 202B IBM Terminal Adapter Type I 

Service 66.6 Char/Sec #4646 

Western Union Class E (1200 bps) Western Union Western Union 
Channel 1601-A 1601-A 

1071 Control Unit Model 2 Customer-Owned Two-Wire 600 Baud IBM Terminal Adapter Type I 

with Line Adapter #4793 Network Conforming to IBM 1030 Not Required Not Required #4646 

Data Collection System Physical 66.6 Char/Sec IBM Line Adopter 

Planning, Form A24-3021 #4636 

TWX (Teletypewriter Exchange) 
Teletypewriter Corporations Common Carrier Switched Western Electric Western Electric 110 Baud 

Models 33 and 35 Telephone Networks or Switched 103A 103A Telegraph Adapter Type II 

Teletypewriters 150 bps TWX Networks #7885 

Other Terminals 
AT&T 83B2 Selective Telephone Company Schedule 1 Not Required Not Required 45.5 Baud 

Colling Terminal Channels (45 bps) Telegraph Adapter Type I 
#7860 

I 
Telephone Company Schedule 2 56.9 Baud 
Channels (57 bps) Telegraph Adapter Type I 

#7861 

I I I 
I 

I Telephone C~p0ny Schf2'dlJle 3 I 74.2 Baud 

Channels (75 bps) feiegraph Adapter Type i 
#7862 

Western Union Plan 115A Western Union Class B Channels Not Required Not Required 56.9 Baud 

Outstation (57 bps) Telegraph Adapter Type I 
#7861 

I I I I I 
Western Union Closs C Channels 74.2 Baud Telegraph Adopter Type I 

(75 bps) #7862 

Figure 7. Attachable Terminals and Communications Facilities for Domestic Use (Communica
tions-Start! Stop Adapters) 
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Terminal Communication Facil ity Terminal Data Set 2701 Data Set Speed 2701 Adapters 

1050 and 1060 Data Communication Systems 
1051 Contro! Unitl'Aodc! lor2 (olllliion Corrier Leased Pr i vote IB/V, 3976 

I 

iBM 3976 i 34. 4 Baud 
or Line Telephone Service IBM Terminal Adapter Type I 

1061 Control Unit Modell or 2 14.8 Char/Sec #4645 

1051 Control Unit Model 1 or 2 Customer-Owned Communications IBM Terminal Adapter Type I 
or Network Conforming to IBM 1030 Not Required Not Required #4645 

1061 Control Unit Modell or 2 Data Collection System Physical IBM Line Adapter 
with Line Adapter # 4790 Planning, Form A24-3021 #4636 

1070 Process Communication System 
1071 Control Unit Model 1 

I 

Common Carrier Leased Private IBM 3976 IBM 3976 134.4 Baud I 
Line Telephone Service IBM Terminal Adapter Type I 

I 

14.8 Char/Sec I #4645 

1071 Control Unit Model 1 

I 

Customer-Owned Communications I IBM Terminal Adapter Type I 
with Line Adapter # 4792 Network Conforming to IBM 1030 Not Required Not Required ; 

#4645 

I 
Data Collection System Physical IBM Line Adapter 
Planning, Form A24-3021 #4636 

1071 Control Unit Model 2 
I 

Common Carrier Leased Four-Wire IBM 3977 Modell IBM 3977 Modell 600.0 Baud 
Full Duplex Private Line Telephone IBM Terminal Adapter Type I I Service l 66.6 Char/Sec I #4646 

I 
1071 Control Unit Model 2 Customer-Owned Two-Wire 

I 

IBM Terminal Adapter Type I 
with Line Adapter #4793 Network Conforming to IBM 1030 Not Required Not Required #4646 

Data Collecti on System Physical I IBM Line Adapter J Planning, Form A24-3021 

---~ I I I 
#4637 

------------ ------------

1030 Data Collection System 
---wTIAfnput Station I Custo~er-Ow;;err;O:Wire ----I ------

! 

--------r 600 Baud 
I 

IBM Terminal Adapter Type II 
Network Conforming to IBM 1030 I Not Required Not Required 

1 

#4648 
Data Collection System Physical 

I 
I 

60 Char/Sec 
I 

IBM Line Adapter 
l Planning, Farm A24-3021 i I #4637 

10:>lA Input- Station 

I 
Common Cmrier Leased Four-Wire 

I 
IBM 3977 Modell I IBM 3977 Modell I 

I 
with Common Carrier Adopter #2068 Full Duplex Private Line Telephone IBM Terminal Adapter Type II 

Service 

1 
#4648 

---._-- --~- i -.l ___ ~ 
World Trade Teleprinte'-s 

-- t W T Teleprinter --r-C-~mmon 'Carrier Private Line 

I 

IBM 3945 Model 11 ! 50 Baud 

! Telegraph Circuits (Double- i Not Required I 

I CUITent Telegraph Li'lCs' ! 
, 

1 

W T Telegtoph Adopter 

I I I I I 
I I I 

I 

75 Baud 

I 
I I 

i 
W T Telegraph Adopter 

I I i 
-----wTTeleprinter- -----------;-, --Com~on Carrier Private Line 

I Not Requ ired 
I 

IBM 3945 Model 121 50 Baud 
I Telegraph Circuits (Single-
1 Current Telegraph Lines) 1 W T Telegraph Adopter 

I 

75 Baud 

W T Telegraph Adopter 

Figure 8. Attachable Terminals and Communications Facilities for \VTC Use (Communications
Start/Stop Adapters) 

Enable: This command conditions the 2701 to auto
matically answer incoming calls. This has meaning 
only when operating on a dial network. 

Disable: This command deconditions the effect of 
the enable command. The 2701 will disconnect a call 
( if one is in operation) and will not answer any further 
incoming calls. This conditi(Jll exists until an enable 
command is given. 

Dial: This command will be accepted by the 2701 
only when it has the automatic call feature. This com
mand enables the automatic call feature to obtain dial 
digits from the processor. The dial command is ended 
when the call is either successfully completed or 
abandoned. 

Diagnostic 'V rite: This command sends data to a 
diagnostic register. If more than one byte are trans
ferred, only the last byte remains stored. The com-

munication line is isolated and does not receive this 
data. This command is ended either by the XA rec
ognizing a terminating sequence of data or by a stop 
signal issued by the channel. 

Diagnostic Read: This command presents the byte 
of data stored in the diagnostic register to the channel. 
The comunication line is isolated and no data occuring 
on the line will be recognized by the XIC-XA couple. 

Adapter Operation 

Receive Operation 

The receive operation is initiated when the XIC-XA 

couple accepts a read type command (read, inhibit, 
search) from the channel. Upon detection of a start 
bit, the XA prepares to receive a character. The char
acter, which is received one bit at a time, is assembled 
in a data register. When a full character has been as-
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Bit Confi gurations 

Commands 0 2 3 4 5 6 7 

Read o 0 0 0 0 0 0 o 

Write o 0 0 0 0 0 0 o 

Dial o 0 0 0 0 o 

Break o 0 0 0 0 o 

Prepare 0 0 0 0 0 o 

Inhibit 0 0 0 0 0 o 

Search 0 0 0 0 0 o 

Enable 0 0 0 0 

Disable 0 0 0 0 

Diagnostic Read 0 0 0 0 0 0 o 

Diagnostic Write 0 0 0 0 0 o 

Note: Byte positions 0 and 1 must contain zerOSj however, these posi
tions are ignored by the basic 2701 Data Adapter Unit. 

Figure 9. Communications - Start/Stop Adapter Commands 

sembled, the XA checks for special characters, checks 
for VRC, assembles the LRC (where applicable), and 
requests a data transfer to the channel. The channel 
has a minimum 2.1 bit time, which prevents losing a 
character. This response time is determined with the 
worst possible receive distortion. The stop bit is 
checked for, and, unless some terminating status con
dition occurs, the XA prepares to receive the next 
character. 

line Time-Out 

A 28-second timeout between data characters is per
formed when the XA is operating on a read type com
mand other than inhibit. The timeout is used to prevent 
a communication line or terminal failure from going 
undetected. The timeout is started when the stop bit 
is received, and terminated when the next start is 
detected. If the timeout elapses, the command is term
inated, and the channel is notified of this occurrence 
through the status and sense bytes. Some transmission 
adapters also require a short timeout. 

Transmit Operation 

The transmit operation is initiated by the acceptance 
of a write command by a XIC-XA couple. The XA accepts 
a character from the channel and transmits it a bit at 
a time over the communications facilities. The XA in
serts the start and stop bits, checks for special char
acters, accumulates and transmits the LRC character 
(where applicable) and inserts shift characters (where 
applicable) . 

Unless some terminating condition has occurred, 
the XIC-XA couple will request a data transfer after the 
last data bit is sent to the communications line. \Vhen 
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the data code requires one stop bit, there are 1.3 bit 
times for the channel to respond without elongating 
the stop bit time. When the data code requires two 
stop bits, the time is a 2.3 bit time. Although it de
creases the overall data rate, an elongated stop bit is a 
normal occurrence for start/stop transmission schemes. 

Status Byte 

The following terminating statuses may be presented by 
the communications-start/stop adapter to the channel: 

Device End, Channel Erul Status: Indicates that 
the current command has been brought to a normal 
end and the unit is free to accept another command. 

Device End, Channel End, and Unit Exception 
Status: Indicates that the current command has been 
brought to a successful conclusion and EOT (end of 
transmission) has been received, or a no response to 
a poll has been detected. 

Device End, Channel End, and Unit Check Status: 
Indicates that the current command has been ended 
with an unusual condition. A sense command must be 
issued to the addressed unit to further define these 
conditions. 

Device Erul, Channel End, Unit Exception, and Unit 
Check Status: Indicates that the current command has 
been ended by unusual conditions and an EOT or a no 
response to a poll has been received. A sense command 
must be issued to the addressed unit to further define 
these conditions. 

Sense Byte Definition 

The sense byte is transferred to the channel during 
the sense operation; definition of the bits as they are 
sent to System/360 storage is given below: 

o Command reject· 
1 Intervention required 
2 Bus out check· 
3 Equipment check 
4 Data check 
5 Overrun 
6 Receiving 
7 Timeout 

Intervention Required is set when the following 
conditions exist: 

1. The attached data set, where applicable, has 
power off or is in test mode. 

2. An attached automatic calling unit, where ap
plicable, has power off. 

3. Continuous space signal has been received on 
a given communications line for more than one 
character. 

Equ!pment Check is set when a halt I/O is detected 
during a service cycle. 

Data Check is set during receive operations if: 
1. At stop time, the receive data sample is a space 

signal. 

*These bits are set by the XIC and are not discussed here. 
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2. If a parity or cyclic check error is detected. (Dur
ing transmit operations, this bit is set if an echo check 
is detected at the relay interface of a telegraph line 
adapter. ) 

Overrun is set during receive operations if a byte is 
lost because data service could not be obtained in time. 

Receivina is set whenever the addressed unit is en-b 

gaged in receiving data. The automatic call feature 
sets this bit when a dial command is issued to a line 
that is currently "off-hook." 

Timeout is set when the communications line time
out has elapsed. The automatic call feature sets this 
bit to indicate that the dial operation has not been 
successfully completed. 

Special Features 

Automatic Call Feature 

This feature enables the 2701 to originate calls on a 
switched dial network by dialing through an AT&T 
801Al type auto dial unit. This feature is not needed 
or used for handling the automatic answering of calls 
on a switched network. The automatic call feature 
can operate with only certain types of transmission 
adapters and certain types of terminals attached to 
those adapters. Therefore, the capability for the auto
matic call feature will be discussed in the sections 
covering the specific transmission adapters and the 
terminals. 

To perform a dial operation, the programmer sets 
up the dialing number, one digit per byte, in an out
going message. The digit is represented in binary code 
in bits 4, 5, 6, and 7 of the byte. He then issues a 
dial command (a bit configuration is shown in Figure 
9), with a byte count equal to the number of digits 
to be dialed. The 2701, when it accepts the dial com
mand, presents the digits to the automatic dialing unit 
for dialing. When the call has been answered, the 
2701 presents the device end, channel end status to 
the channel. Command chaining then occurs to a 
read or write command, depending upon the opera
tion. If, for some reason, the call cannot be com
pleted, the 2701 presents the device end, channel end, 
and unit check status with the timeout bit set in the 
sense byte. 

IBM Line Adapter Feature 

The IBM Line Adapter Feature is available with only 
certain communications-start/stop adapters, and with 
only some of the terminals that operate with these 
adapters. The capability to operate with the IBM Line 
Adapter is stated in the sections covering the specific 
transmission adapters. The IBM Line Adapter is a 
modem that provides for the attachment of the 2701 
transmission adapter to customer-owned private tele
phone lines for distances up to 8 wire miles, conform-

ing to IBM 1030 Data Collection System Physical 
Planning, Form A24-3021. 

Diagnostics 

2701 start! stop adapters each have a diagnostic regis
ter located on the 2701's side of the line drivers or 
relays that operate with the communication facilities. 
Through a diagnostic write command, data can be 
sent through the 2701's XIC-XA couple to the diagnostic 
register. The diagnostic register holds the start bit, 
the data bits, and the stop bit(s). If multiple bytes 
are transmitted under this command, only the last 
byte will remain stored in the register. Through a 
diagnostic read command, the contents of this register 
are sent back to storage for checking. The 2701 oper
ates on this byte as though it were being received from 
the communication line. The start bit is checked; the 
data character is checked for special character; the 
shift bit, if applicable, is added; the stop bit is 
checked; and the character is transferred to the 
channel. 

The use of the diagnostic commands allows a major 
portion of the 2701 circuitry to be checked out. The 
clocks, counters, registers, serializers, deserializers, 
etc. can be checked. Some of the decoding capabilities 
can be checked and the LRC generation circuitry can 
be checked. For example, with an IBM Terminal Adap
ter-Type I, the diagnostic write command can be 
used to transmit multiple bytes of data, the last byte 
being the EOB character. As will be explained in the 
section describing the IBM Terminal Adapter-Type I, 

the recognition of the EOB character causes the trans
mission adapter to transmit the EOB followed by the 
LRC character and then presents terminating status to 
the channel. The last character transmitted is the LRC 

character, which will reside in the diagnostic register. 
A diagnostic read command can then be given to bring 
the LRC character to storage for checking. On both a 
diagnostic read and diagnostic write operation, the 
communication lines are degated. In this manner, no 
data will be transferred to or from the communica
tion lines. There are other techniques peculiar to each 
type of adapter, such as special character generation, 
which is not discussed. 

Automatic Answering 

Automatic answering of incoming calls, a standard 
feature on the IBM Terminal Adapter-Type I and the 
Telegraph Adapter-Type II, allows the programmer 
to control the answering of incoming calls. \Vhen the 
programmer desires to allow the answering of in
coming calls, he issues an enable command to the 
2701. The SLI (suppress length indication) flag is set 
in the associated channel command word. When a 
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call is answered, the enable command is ended, with 
the XIC-XA couple setting the device end, channel 
end status. Command chaining may be applied to 
either a write or a read command, depending upon the 
application. \Vhen conditions change and the pro
grammer no longer desires to accept incoming calls, 
a halt I/O command is given to the XIC-XA couple 
which causes the device end, channel end status 
to be presented and the data set prevented from 
answering any further incoming calls. Once an en
able command is given, the data set remains condi
tioned to answer calls until either a halt I/O or disable 
command is issued. 

IBM Terminal Adapter-Type I 

The IBM Terminal Adapter-Type I enables the 2701 
to control data transfer between an IBM System/360 
and the following terminals: IBM 1050, 1060, and 1070 
terminals at 14.8 characters per second (134.49 bps) 
or the IBM 1070 at 66.6 characters per second (600 
bps). Figures 7 and 8 illustrate the data sets and 
communications facilities required for each of the 
above terminals operating at different speeds. The IBM 

Terminal Adapter-Type I matches the line control re
quired for terminal operation with the I/O channel 
using System/360 programming capabilities. Polling 
and addressing responses, VRC (vertical redundancy 
checking) and LRC (longitudinal redundancy check), 
special character recognition, and shifted character 
operations are all handled by the XA to minimize 
system interference. 

Commands 

The IBM Terminal Adapter-Type I decodes and ex
cutes the following commands: read, write, inhibit, 
enable, disable, prepare, diagnostic read, and diagnos
tic write. The dial command is also valid for this 
adapter when it has the automatic call feature. The 
functions of these commands are explained under the 
communication-start/ stop adapters. 

Special Features 

Two special features ate available for the IBM Terminal 
Adapter-Type !: 

The automatic call feature is obtainable with the IBM 

Terminal Adapter-Type I only when operating with the 
IBM 1050 Terminal. 

The IBM Line Adapter Feature is obtainable \vith 
the IBM Terminai Adapter-Type I only when operating 
with the 1050 or 1070 terminals. 

Adapter Operation 

Characier Set: The transmission code between the 
2701 and the 1050, 1060, and 1070 terminals is six
bit BCD. The relationship between the 2701 and the 
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I/O interface is illustrated in Figures 10, 11, and 12. 
One start bit and a minimum of one stop bit are added 
to a character when the XA is transmitting, and they 
are deleted from a character when the XA is receiving. 

System/360 Byte 

;cr;eck 
2 I 1 i C 6 Bit BCD 

In the six-bit BCD transmission code, S represents the 
shift bit. A logical 1 identifies the upper case; a logical 
o represents the lower case. The B bit is the first bit 
transmitted and received following the start bit. An 
odd parity (check) bit follows the 1 bit. Each received 
character is checked for odd vertical parity. 

On incoming data, the shifted character set con
version (a standard feature) automatically deletes the 
up shift and down shift characters from the received 
data stream, notes the last shift character received, 
and inserts the eighth bit S to indicate the case to 
System/360. On outgoing data, the S bit is removed 
and noted. A change in this S bit automatically causes 
insertion of the appropriate shift character (up shift 
or down shift) into the outgoing data stream before 
sending the data character. 

ISTARTI B I A I 8 I 4 I 2 I 1 Ich~ckl STOpl Outgoing Data Character 

The C (check) bit in the character indicates the 
correct odd parity count; a logical 1 if the bit count 
of the character is even, or a logical 0 if the bit count 
of the character is odd. 

VRC and LRC are provided, with any detected 
error setting the data check bit within the sense byte. 

Polling and AddreSSing: When polling, a write com
mand is initiated by a start I/O instruction which 
causes the polling character to be transmitted on the 
communi~ations line. Command chaining to a read 
command should be used so that the 2701 has a valid 
command for receiving the incoming data. 

Upon receiving a read command, the 2701 will 
initiate a 28-second timeout. \Vhen polling, this time
out is pre-empted by a 2-second short timeout. The 
2701 will set the device end, channel end, and llnit 
exception status when an ® character is received. 
® indicates the terminal has no data to send. The 
device end, channel end and unit exception status is 
set in the status byte when a timeout occurs; the time
out sense bit will also be set. \Vhen the first character 
received is a @, it indicates that the polling was suc-
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Bit Position-(Ol) 

~ 
(23) 00 01 10 11 
00 01 10 11 00 01 10 11 00 01 10 11 00 01 10 11 

@ I 
0000 8 In' - H 

0001 Spoce y Q & 

001 0 1 Z R A 

Addr 
00 1 1 9 / J I 

0100 2 B 

Poll 
o 1 0 1 0 S K 

@) G) 
o 1 1 0 EOA T L 

# t o 1 1 1 3 0) $ C 

1 000 4 CD D 

1 00 1 U M 

1 01 0 V N 
I 

1 0 1 1 5 CR E 
I I 

i 

1 1 00 W 0 0 I ! I I 

® I 1 1 0 1 6 EOB F 
I I I 

1 1 1 0 7 G 

© 
1111 EOT X P 

0 1 2 3 4 5 6 7 System/360 Byte 

- B A 8 4 2 1 Check Six-Bit BCD 
C 

Figure 12. Code Structure for 1070 Process Communication System 

error. The XA logically determines which of the above 
is valid and takes the following action: 

Not Ready: The device end, channel end, unit ex
ception status is set. 

Error: The device end, channel end, unit check 
status is set with the data check bit set in the sense 
byte. 

® Positive Response indicates that the text received 
was correct or the addressed system is ready to re
ceive data. In either case, the XA sets the device end, 
channel end status. 

The IBM Terminal Adapter-Type I recognizes the 
delete and idle characters and includes them in the 
accumulated LRC but inhibits the transfer of these char-

acters to the CPU. 

1033 Operation - Message Restriction: The IBM 1070 
Process Communication System uses the IBM 1033 
Printer. When the IBM Terminal Adapter-Type I is 
used with the 600 bps line speed, a problem arises. 

The 1033 Printer operates at 15 and the transmission 
line operates at 600 bps (or a comparable rate of 67 
cps). A four-character delay time is required be
tween output printing characters. This is effected by 
using the write command with three special char
acters (DF in Hexadecimal Representation), inserted 
between every printing character. The CPU program 
must take into account the difference in operating 
speed between the transmission line and the printer 
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and provide the necessary delays for printing the out
put, via the insertion of these write mark characters. 
Delays can also be effected in this manner to carriage 
returns, tabs, line feeds and so on. 

IBM Terminal Adapter-Type II 

IBM Terminal Adapter-Type II provides the 2701 with 
the controls for operation with the IBM 1030 Data 
Collection System at 600 bits per second. 

Commands 

The IBM Terminal Adapter-Type II decodes and exe
cutes the following commands: read, write, inhibit, 
prepare, diagnostic read, and diagnostic write. The 
functions of the commands are explained in the start! 
stop adapter section. 

Special features 

The IBM Line Adapter may be obtained with this 
adapter. 

Adapter Operation 

Character Set: The transmission code between the 
2701 and the terminals is six bits plus parity. The 
relationship between the 2701 and the I/O Interface 
is illustrated in Figure 13. One start bit and a minimum 
of two stop bits are added to a character when the 
XA is transmitting to the terminal and deleted when 
the XA is receiving from the terminal. 

System/360 Byte 

6 Bit BCD 

The bit B is the first bit transmitted and received on 
the communications line following the start bit. The 
C bit in the character indicates the correct odd parity 
count: a logical 1 if the bit count of the character is 
even or a logical 0 if the bit COl1nt of the character 
is odd. 

FTARTI B I A I 8 I 4 I 2 j 1 
icheck i STopi STOP)' Outgoing 
I C I· I· . Data Character 

Each received character is checked for odd vertical 
parity; a parity check causes the unit check bit to be 
set with the terminating status. The parity check does 
not cause the termination of the command. 

Polling and Addressing: When polling, a write com
mand is issued through a start I/O instruction which 
causes the polling character to be transmitted on the 
communication line. At the end of the write command, 
command chaining to a read command should be per
formed so that a read command, with its allocated 
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storage, is ready for the incoming data. Upon receiving 
the read command, the 2701 will initiate a timeout. 
When polling, the IBM Terminal Adapter-Type II pre
empts the 28-second timeout with a 500-millisecond 
short timeout. When an ® is received, the device end, 
channel end, and unit exception status is set. The device 
end, channel end, and unit check is set in the status 
byte when a timeout occurs; the timeout bit is also set 
in the sense field. 

vVhen addreSSing, a write command is issued through 
a start I/O instruction that causes the addressing char
acter to be transmitted on the communication line. 
An ® character (provided by the program) is trans
mitted before the addressing characters. At the end of 
the write command, command chaining to a read com
mand is used to receive the ® or (X) character. ® will 
set the device end, channel end, and unit exception 
status as in polling. <X) will set the device end, channel 
end, which allows command chaining to the output 
message. 

Character Recognition: The following characters are 
recognized during write command: 

© End of Transmission (EOT) indicates the end 
of transmission and places the 2701 in a control mode. 
It is normally followed by polling or addressing. 

@ End of Address (EOA) indicates the end of ad
dress (start of message) . 
The following characters are recognized during read 
commands: 

® End of Block (EOB) indicates the end of a block 
of text. If a VRC error is detected in the block of data, 
the device end, channel end, and unit check status will 
be set with the data check bit set in the sense byte. 
Otherwise, the device end, channel end status is set. 

@ End of Address (EOA) indicates that the follow
ing characters will be text. 

® Negative response indicates that the addressed 
terminal is not ready to receive data or that the text 
received by the terminal is incorrect. The device end, 
channel end, and unit exception status is set for not 
ready condition, and the device end, channel end, and 
unit check status is set with the data check bit set in 
the sense byte for a text error. 

(Y) Positive Response indicates that the addressed 
system is available or that the text received was cor
rect. The device end, channel end status will be set. 

1033 Operation - Message Restriction: The 1033 
Printer operates at 15 characters per second, and the 
transmission line operates at 600 bps (or a comparable 
rate of 60 cps). A three-character delay time is re
quired between output printing characters. This is 
effected by using the write command with three spe
cial characters (DF in hexadecimal representation) in
serted between every printing character. The CPU pro
gram must consider the difference in operating speeds 
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Figure 13. Code Structure for 1030 Data Collection System 

between the transmission line and the printer and pro
vide the necessary delays for printing the output by 
insertion of write mark characters. Delays can also be 
effected in this manner to carriage returns, tabs, line 
feeds, and so on. 

IBM Telegraph Adapter 

The IBM Telegraph Adapter is identical to the IBM 

Terminal Adapter-Type I with the exception of the 
communication medium. The IBM Telegraph Adapter 
operates over a telegraph network, through telegraph 
relays, at telegraph speeds. It also performs an echo 
check on the transmitted data. Factors such as com-

10 11 
00 01 10 11 00 01 10 11 

System/360 Byte 

Six-Bit BCD 

mands decoded and executed, polling and addressing, 
character recognition, and other operating functions 
are the same as those for the IBM Terminal Adapter
Type I. The status and sense bytes are defined exactly 
as for the IBM Terminal Adapter-Type I except for the 
added echo check. When an echo check error is dis
covered, the unit check bit is set in the status byte and 
the data check bit is set in the sense byte. The com
mand is not ended because of an echo check. 

Telegraph Adapter-Type I 

The Telegraph Adapter-Type I enables the 2701 to 
control data transfer between an IBM System/360 
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and the AT&8aB2 or \Vestern Union Plan lISA Out
stations. The speed of transmission is 45.57 or 75 bps. 

Commands 

The Telegraph Adapter-Type I decodes and executes 
the following commands: read, write, inhibit, search, 
prepare, diagnostic read, and diagnostic write. The 
functions of these commands are explained in the 
start/stop adapter section. 

Special Features 

There are no special features for this adapter. 

Adapter Operation 

Character Set: The transmission code between the 
2701 and the terminals is Baudot. The relationship be-
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tween the 2701 and the I/O interface is illustrated in 
Figures 14 and 15. 

E--L~3 ! 

I i 

4 5 6 ! 7 ~ System/360 Byte 

iii case i , .<1 I 5 i Shi fted 8auda! Code I - I - I 5 I ' I I 

In the above figure, S represents the case. A logical 1 
identifies npper case; a logical 0 identifies lower case. 
The 1 bit is the first bit transmitted following the 
start bit. 

The shift character set conversion, a standard fea
ture, automatically deletes LTRS and FIGS characters 
from the received data stream and denotes the case. A 
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Figure 14. Code Structure for AT&T 83B2, \Vestern Union Plan 11,5A, and \\"mId Trade Tl'l(·
printer Terlninal~ (C Keyl)oar(l) 
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1 1 00 I U 8 7 

1 1 01 P Q Q 1 

1 1 10 C K 1/8 1/2 

Ltrs Ltrs 
1111 V 
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Shift 
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Figure 15. Code Structure for AT&T 83B2, Western Union Plan 115A, and \Vorld Trade Tele
printer Terminals (A Keyboard) 

sixth bit is added to the code set by the adapter; it 
indicates case to the processor. Data bytes transferred 
from the channel are in six-bit form. The adapter will 
remove the sixth bit and note the case. A change in 
case automatically causes the insertion of the proper 
shift character (LTRS or FIGS) into the outgoing data 
stream. The adapter will send two stop bits and check 
for the presence of one stop bit on receive. 

Polling and Addressing: When polling, a write com
mand is issued through a start I/o instruction, which 
causes the polling character to be transmitted on the 
communication line. At the end of the write com-

mand, command chaining to a read command should 
be used so that a read command with its allocated 
storage is ready for incoming data. Upon receiving the 
read command, the 2701 will initiate a timeout. When 
polling, the Telegraph Adapter-Type I pre-empts the 
28-second timeout with a 2-second short timeout. The 
CPU program will be interrupted if V or M is received 
(which is a negative response to a poll). The device 
end, channel end status is set. Unit check will be set 
in the status byte if a timeout occurs; the timeout bit 
will be set in the sense field. The positive response to 
a poll is the message itself. 
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\Vhen addressing, a write command is issued 
through a start I/O instruction, which causes the ad
dressing characters to be transmitted on the communi
cation line. At the end of the write command, com
mand chaining to a read command is used to receive 
the V or M response (which is the positive response). 
A V or M will cause a normal device end and channel 
end status which can be command-chained to the out
put message. A timeout will set unit check in the status 
byte and timeout within the sense field, as in polling, 
to interrupt the CPU program. 

When operation on the multidrop line allows ter
minal to terminal traffic, different line control is re
quired. In response to a polling message, the positive 
response is a CDC (Call Directing Code) or ssc (Sta
tion Selection Code). If the CPU or a terminal on 
another line is addressed, the CDC or ssc of the CPU 

must be the first address sent by the terminal. The 
character AZ is assigned to the CPU in all systems. If AZ 

is detected, a device end and channel end status will be 
set, thus ending the polling read command. The V 
answer-back must be sent by the program through a 
write command, and a chained read command must be 
provided for receiving the text. If the terminal has no 
message to send, it will respond with a V. The V will 
cause termination of the read command via channel 
end and device end status. If some sequence other 
than AZ or V is received, a stop signal is given by the 
channel when the byte count in the ccw (set to two 
by the program) is exceeded. In this case, a search 
command can be issued to monitor the line for end of 
transmission (EOT), if the program does not want to 
receive the message. Text messages must begin with 
EOA (End Of Address). For the AT&T 83B2 Terminal, 
EOA is CR, LF, LTRS; for the Western Union Plan 115A 
Outstation, EOA is the space character. 

Character Recognition: The following characters are 
recognized during read commands: 

1. A V or M received as the first character sets 
channel end and device end status. 

2. HGS Hand LTRS are received as EOT and set channel 
end, device end and unit exception status. 

3. The two-character sequence AZ is received as the 
first two characters of a message and the address of 
the cpu. The device and channel end status will be set. 

N[ essage Restrictions for Telegraph Adapter-Type 

Terminal to Processor 

1. All messages transmitted by a Western Union 
Plan 115A Outstation from its paper tape reader must 
be preceded ",lith the sequence i\, V, space. 

2. A space character received by the 2701 will not 
downshift (FIGS to L TRS ) . 
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3. Text immediately following the sequence FIGS, 

H, LTRS (EOT) will be lost; EOT must not be sent be
tween blocks of data. 

Processor to Terminal 

1. vVhen transmitted, the characters (CR, LF, space 
and blank) must be in the same case as the preceding 
character. 

2. The terminal control automatically inserts the 
proper shift character in outgoing data when a change 
of case is encountered. 

Terminal to Terminal 

1. AZ is the address assigned to the CPU and recog
nized by the 2701. 

2. End of Address (EOA) must precede the trans
mission of text: EOA for AT&T 83B2 - CR, LF, LTRS; EOA 

for wu 115A - Space. 

Telegraph Adapter-Type II 

The Telegraph Adapter-Type II provides the necessary 
controls for the attachment of telephone company tele
typewriter exchange (TWX) stations to the 2701. Con
trol is point-to-point and is on common-carrier switched 
150-bps TWX service. Transmission speed is 110 bps. 

Commands 

The Telegraph Adapter-Type II decodes and exe
cutes the following commands: read, write, inhibit, 
enable, disable, prepare, diagnostic read, and diagnostic 
write. The dial command is also valid when the auto
matic call feature is obtained. The functions of these 
commands are explained in the section "Start/Stop 
Adapters." 

Special Feature 

The automatic call feature is obtainable with the Tele
graph Adapter-Type II. 

Adapter Operation 

Character Set: The transmission code used is the 
eight-bit Data Interchange Code (ASCII). The relation
ship of the 2701 with the I/O interface is illustrated 
in Figure 16. 

1 1 1 2 3141 5 1 6 [71 8 
I I I I I ! ! 

System/360 Byte 

8 Level Data Interchange 
Cocie 

One start bit and two stop bits are added to a char
acter when the XA is transmitting to the terminal and 
arc deleted vvhen the XA is receiv'ing from the terminal. 

Line Control: Identification type of answer-back is 
handled by the 2701 and the System/360. Output 
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Figure 16. Eight-Bit Data Interchange Code 

messages can be of any length or format. Input mes
sages can be of any length; however, certain format 
restrictions are imposed because of the line control 
used by these terminals. On input, or during read oper
ations, the following characters are. recognized by 
the 2701: 

WRU (Who are you?) This character causes device 
end, channel end status to 
be set. 

xon (Transmitter on) This character causes channel 
end, device end status to be 
set. 

10 11 
00 01 10 11 00 01 10 11 

Hor Vert 
50M TAB WRU Return EOM Tob Bell 51 

A I E M C K G a 

! ) % - # + I / 

X-on X-off lEM 

Q y U 1 5 [ W -
1 9 5 = 3 ; 7 ? 

5ystem/360 Byte 

Eight-Bit Data Interchange Code 

xoff (Transmitter off) This character causes device 
end, channel end status to be 
set. 

EOT (End of 
transmission) 

This character causes the de
vice end, channel end, and 
unit exception status to be set. 

Message Restrictions for Telegraph Adapter-Type II: 

Terminal to Processor 

1. Delete characters are recognized, and the 2701 
deletes them from the input message stream. 

Transmission Adapters 27 



2. WRU, xon, xoff, and EOT terminates receive op
erations. 

World Trade Telegraph Adapter 

World Trade telegraph adapter enables the 2701 to 
control data transfer between the IBM System/360 and 
various European telegraph printers over selectively 
single current or double current telegraph lines at 
either 50 bits per second or 75 bits per second. 

Commands 

The IBM Terminal Adapter-Type II decodes and exe
cutes the following commands: read, write, inhibit, 
prepare, search, break, diagnostic read, and diagnostic 
write. The functions of these commands are explained 
in the section "Start/Stop Adapters." 

Special Features 

There are no special features that operate with the 
adapter. 

Adapter Operation 

Character Set: The transmission code used between 
the 2701 and the terminals is the Baudot Code. The 
relationship between the 2701 and the I/O interface is 
illustrated in Figures 14 and 15. 

System/360 Byte 

Shifted Baudot Code 

S represents the case. A logical one identifies the 
uppercase; logical zero, the lower case. The 1 bit is the 
first bit transmitted following the start bit. Shifted 
character set conversion, a standard feature, auto
matically deletes LTRS and FIGS characters from the re
ceived data stream, notes the last shift character 
received, and inserts a sixth bit (5) in the code set to 
indicate the case to the processor. On outgoing data, 
the S bit is removed and noted. A change in the S bit 
automatically causes the insertion of the appropriate 
shift character in the outgoing data stream before 
sending the data character. 

Attachment to the World Trade telegraph adapter is 
point-to-point; thus, the line control method used is 
contention rather than polling. 

\Vhen the terminal is transmitting, the programmer 
must insert from 4 to 20 LTR characters before inserting 
the start of message character (line feed) to ensur~ 
that the terminal is receiving properly. Should the 
terminal bid for the line simultaneously with the 
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processor, an echo check will occur, terminating the 
write operation at the CPU. 

\Vhen the terminal is receiving, the prepare com
mand is issued to the World Trade telegraph adapter 
to wait for the completion of the first space condition 
from the terminal. The prepare command may be 
terminated in one of three ways: 

l. A true start bit is detected. This is recognized 
by the line going to the space condition for one bit 
time and then returning to the mark condition. The 
device end, channel end status is set. Command chain
ing to a read command can be used to receive the 
incoming message. 

2. The line goes to space and does not return to 
mark within 28 seconds. The device end, channel 
end, and unit check status is set with the timeout bit 
set in the sense byte. 

3. A halt I/O or a reset is received from the channel. 
If a true start bit (as in 1 above) is detected and the 
halt I/O is received prior to the status being presented, 
the unit check status is also set. The receiving bit will 
be on in the sense byte. Otherwise, the device end, 
channel end status byte. Otherwise, the device end, 
channel end status is set. 

Character Recognition: 

l. EOT (End of Transmission) - format is FIGS, CHAR

ACTER, L TRS with the character assigned on a per system 
basis. EOT sets channel end, device end, and unit 
exception status. 

2. EOB (End of Block) - format is FIGS, CHARACTER 

with the character assigned on a per system basis. EOB 

sets channel end, device end status. 

3. A V or M received as the first character sets 
channel end, device end status. 

Message Restriction for World Trade Telegraph: 

Terminal to Processor 

l. The characters used in EOB and EOT must not 
be the same. 

2. A space character received by the 2701 will not 
downshift (FIGS to LTRS). 

3. Text immediately following FIGS, CHARACTER, LTRS 

will be lost. EOT must not be sent between blocks 
of data. 

Processor to Terminal 

1. \Vhen transmitted, the characters (CR, LF, space, 
and blank) must be in the same case as the preceding 
character. 

2. The terminal control automatically inserts the 
proper shift character in outgoing data when a change 
of case is encountered. 



Communications-Synchronous Adapter 
For the 2701, there is only one communications syn
chronous type adapter: the Synchronous Data Adapter
Type I. 

The Synchronous Data Adapter-Type I enables the 
2701 to control data transfers in half-duplex syn
chronous mode between an IBM System/360 computer 
and the following synchronous transmitter receiver 
( 8TR) terminals and devices: 

l. IBM 1009 Data Transmission Unit, IBM 1013 Card 
Transmission Terminal, IBM 7702 Magnetic Tape 
Transmission Terminal, or the IBM 7740 Communi
cation Control System at the following rates: 

1,200 bits per second (150 characters per second) 
2,000 bits per second (250 characters per second) 
2,400 bits per second (300 characters per second) 
2. IBM 7701 Magnetic Tape Transmission Terminal 

or the 7750 Programmed Transmission Control at 1,200 
bits per second ( 150 characters per second). 

3. IBM 7710 Data Communication Unit, IBM 7711 
Data Communication Unit, or another IBM System/ 
360 equipped with a 2701 Data Adapter Unit with the 
Synchronous Data Adapter-Type I at the following 
data rates: 

1,200 bits per second (150 characters per second) 
2,000 bits per second (250 characters per second) 
2,400 bits per second (300 characters per second) 
40,800 bits per second (5,l00 characters per second) 
Refer to Figure 17 for the required communications 

facilities and data sets for each of the speeds described 
in items 1,2, and 3. 

Two features are obtainable on the Synchronous 
Data Adapter-Type I. 

1. Internal clock feature (prerequisite: Synchronous 
Data Adapter-Type I) provides the clocking pulses for 

Common Carrier Common Carrier 

transmission speeds of 1,200; 2,000; and 2,400 bits per 
second. This feature is required when the data set 
does not provide th~ clocking pulses. 

2. Dual communication interface feature (prerequi
site: Synchronous Data Adapter-Type I) provides a 
second communication interface. Only one interface 
is operable at a time. 

For this adapter, additional information concerning 
commands, status bytes, sense bits, and operational 
functions will be provided in later publications. 

Data Acquisition and Control Adapters 
Data acquisition and control adapters for the 2701 in
clude the following: the Parallel Data Adapter, Con
tact Sense Adapter, Contact Operate Adapter, and 
Serial Synchronous Adapter. 

Parallel Data Adapter 

The Parallel Data Adapter allows for the connection 
and operation of external devices that transfer data, 
parallel by bit, serial by word, with the System/360 
processor. The data word size is 16 bits, expandable in 
groups of eight up to 48 bits. The Parallel Data Adapter 
presents a demand response interface to the external 
device that allows for the half duplex transfer of 
parallel data words into and out of System/360 proc
essor and the external device. The Parallel Data 
Adapter controls this interface, converts from data 
word to byte and from byte to data word, develops 
and checks one bit of odd parity per data word, and 
transfers data to and from the I/O channel, parallel 
by bit, serial by byte. The Parallel Data Adapter forces 
the multiple byte mode of operation on the multi
plexor channel. The number of bytes transferred in the 

Common Carrier Customer Owned 

tions Facili-
~ommunica-

Switched telephone Leased Private Line Broadband Communi- Communicati ons 

Speed ties Networks Telephone Services cations Services Facilities 

1200 bps Western Electric Data Western Electric Data Modem equipment 

Set 202A or equivalent Set 202A, B, or Western Not Appl icable (data set) having a 
(150 cps) Union Data Set 1601A proper interface must 

See note. or equivalent. be used. 
See note. 

2000 bps Western Electric Data Western Electric Data Modem equipment 
Set 201 A or equivalent Set 201A or equivalent Not Applicable (data set) having a 

(250 cps) proper interface must 
See note. be used. 

2400 bps Not Applicable Western Electric Data Modem equipment 
Set 201 B or equivalent Not Appl icable (data set) having a 

(300 cps) proper interface must 
be used. 

40,800 bps Modem equipment 
Western Electric Data Idata set) having a 

Not Appl icable Not Appl icable Set 301 B proper interface must 
(5,100 cps) be used. 

NOTE: The Internal Clock feature IS reqUired for operation at 1200 bits per second and on the Switched Telephone Networks. 

Figure 17. Communications Facilities and Transmission Speeds 
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multiple byte operation is dependent upon the size of 
the data word. This can vary from two to six bytes. 

The speed of operation of the Parallel Data Adapter 
depends on the processor and channel to which the 
2701 is connected and to the external device. Figures 
20 and 21 show the maximum data rates obtainable for 
each model of the System /360 processor. These rates 
are shown for both the selector and multiplexor 
channels. 

In addition to the parallel data operation, the PDA 

and the direct control feature (DCF) on a System/360 
processor can simulate the direct data feature on the 
704X (7040-7044) and 709X (7090, 7094, 7094 II) sys
tems. The interface circuitry is different, but the logi
cal operation is the same. 

Commands 

The Parallel Data Adapter decodes and executes the 
following commands. (See Figure 18 for the configura
tion. ) 

Bit Configurations 

Commands 0 2 3 4 5 6 7 

Read 0 0 0 0 0 0 0 

Read with Timeout 0 0 0 0 0 0 

Write 0 0 0 0 0 0 0 

Write with Timeout 0 0 0 0 0 0 

Diagnostic Write 0 0 0 0 0 0 

Diagnostic Read 0 0 0 0 0 0 

Figure 18. Bit Configuration for Parallel Data Adapter Commands 

Read: This command causes the Parallel Data 
Adapter to accept data words from the external de
vice and present them a byte at a time to the 
System/360 channel. 

Write: This command causes the Parallel Data 
Adapter to take bytes of data from the System/360 
channel, assemble them into data words, and transfer 
them to the external device. 

Read with Timeout: This command is the same as 
the read command described above, except that a 
2-second timeout is performed on the response of the 
external device to a request for data transfer made 
by the Parallel Data Adapter. This command is only 
valid ,,,hen the timeout feature is obtained. 

Write with Timeout: This command is the same as 
the write command described above, except that a 
2-second timeout is performed on the response of the 
external device to a request for a data transfer made 
by the Parallel Data Adapter. This command is valid 
only when the timeout feature is obtained. 
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Diagnostic Write: The diagnostic write command 
operates as the normal write. However, the control 
and data transfer operations with the external device 
are inhibited. After one data word has been assem
bled in the Parallel Data Adapter, the device end, 
channel end status is presented, which terminates the 
command. 

Diagnostic. Read: This command operates like the 
normal read operation, except that the control and 
data transfer operations with the external device are 
inhibited. The data word stored in the Parallel Data 
Adapter's assembly register is transferred to the 
channel, and the device end status is presented, which 
terminates the command. This command should be 
preceded by the diagnostic write command. 

Spedal Features 

Extension Features: The Parallel Data Adapter pro
vides a data word of 16 bits plus one bit of parity in 
each direction. Through the use of the extension fea
tures, the data word can be extended to 48 bits. One 
bit of parity is supplied for the data words regardless 
of the number of extension features used. Each exten
sion feature adds eight input and eight output bits to 
the data word. 

Timeout Feature: The timeout feature is used to 
recognize an external device failure. The timeout is 
initiated under program command. A 2-second timeout 
is performed from the time the Parallel Data Adapter 
notifies the external device that it is ready for a data 
transfer until the time that the external device re
sponds. In detail, when the read ready or write ready 
line is raised, the timeout begins. The timeout is reset 
when the external device raises the demand line. The 
timeout will restart on the next occurrence of a read 
ready or write ready signal. If the demand response 
does not occur within the 2-second timeout period, the 
command will be ended with the device end, channel 
end and unit check status set and with the timeout 
bit set in the sense byte. 

Adapter Operation 

Operation between the Parallel Data Adapter and the 
external device is made throllgh the Parallel Data 
Adapter interface. The interface consists of a set of 
lines that provide for control, signals and data paths 
(Figure 19). The name and functions of each line or 
lines of the interface are described below. Detailed 
information concerning timing and voltage levels will 
be published in the IB~f 2701 Data Adapter Unit 
Original Equipment "Alanufacturers Information man
ual Form A22-6844. 

Output Data Bus (FDA to External Device): The 
output data bus consists of 17 lines on the basic 
adapter. Sixteen lines are used to present data and one 
line is used to present the odd parity bit to the exter-
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Figure 19. Parallel Data Interface 

nal device. With extension features, the number of lines 
can be increased to a maximum of 49 (48 data and 
one parity). 

Input Data Bus (External Device to PDA): The input 
data bus consists of 17 lines on the basic adapter. Six
teen lines are used for input data and one line is used 
to obtain the odd parity from the external device. With 
extension features, the number of lines can be in
creased to a maximum of 49 (48 data and one parity). 

Write Select (DA to External Device): This line is 
used to notify the external device that it has been 
selected for a write operation. The line is raised be
cause of the recognition of a write command from the 
channel, and it remains up until the end of the com
mand. 

Read Select (PDA to External Device): This line is 
used to notify the external device that it has been 
selected for a read operation. The line is raised because 
of the recognition of the read command from the 
channel, and it remains up until the end of the com
mand. 

Write Ready (PDA to External Device): This line 
notifies the external device that a word of data is on 
the output data bus. The data is stabilized and de
skewed before the raising of this line. 

The occurrence of a demand, EOR, or EOF signal from 
the external device resets this line. 

Read Ready (PDA to External Device): This line 
notifies the external device that the PDA is ready to 
accept the next word of data over the input bus. 

The occurrence of a demand, EOR, or EOF signal from 
the external device resets this line. 

Demand (Externw Device to PDA): The significance 
of the demand signal is dependent upon the command 
being executed. 

1. Write Command - The demand signal signifies 
that the external device has accepted the data word on 
the output data bus. 

2. Read Command - The demand signal signifies 
that the data on the input data bus is valid, stabilized, 
and de-skewed. 

The demand signal must be present for at least 
800 nanoseconds. The maximum length of the demand 
signal is dependent upon the external device and its 
desired data rate. Data must remain valid for the 
duration of the demand signal. A second read ready 
or write ready signal will not be given while the 
demand signal is still present. 

Redundancy Error (External Device to PDA): This 
line indicates that the external device has a parity error. 

Suppress Word Parity Error (External Device to 
PDA): This line from the external drive suppresses 
data word parity checks during read operations. It is 
used by devices which do not generate valid parity. 

End of Record (EOR) (External Device to PDA): This 
line signifies that the external device has completed its 
operation and will not generate or accept any more 
data. Upon recognition, the PDA will present the de
vice end, channel end status to the channel. 

End of File (EOF) (External Device to PDA): This 
line signifies that the external device has completed its 
operation and will not generate or accept any more 
data. Upon recognition, the PDA will present the device 
end, channel end, and unit exception status to the 
channel. The unit exception status prevents command 
chaining. 

Word Count Equals Zero tWC=O") (PDA to Exter
nal Device): This signal is generated by the PDA 

to inform the external device that the CPU has no more 
data to transfer or will not accept any more data de
pending upon the operation being a write or a read. 
An EOR or EOF should be presented by the external 
device. 

Interrupt (External Device to PDA): The interrupt 
lines allow the external device to signal the CPU through 
a channel interrupt that it requires service. 

The interrupt signal, when occurring in the absence 
of a read or write command, causes an attention status 
to be set. When the interrupt signal occurs during a 
read or write operation, device end, channel end and 
attention status is set. 

Addressing 

Up to eight external devices may be connected to the 
Parallel Data Adapter interface. There is almost an 
unlimited number of ways in which the external de-
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vices can be connected to the Parallel Data Adapter 
to operate with it through this interface. The only 
restrictions are that the maximum number of con
nections be eight and that the control signals be 
valid with data transferred. There are two cases to be 
considered here. In the first, only one of the external 
devices is operating with the interface at anyone time. 
The entire data word goes to and comes from that one 
external device. In the second, the data word is split 
up among various external devices. The former situa
tion has the problem of addressing whichever external 
device will be operating with the interface at any 
one time. The latter has the problem of having the 
external devices respond properly to the interface 
control signals. 

In this section, a few of the many possible addressing 
schemes will be outlined. First, consider the case in 
which only one of the external devices is operating 
with the interface at a time. The Parallel Data Adapter 
interface has two select lines, read select and write 
select, with no built-in capability for addressing the 
one device of the eight possibilities with which the 
Parallel Data Adapter can operate. There are several 
means available to the user to do the addressing. Listed 
below are three addressing schemes. 

~f anual Switching: This method of addressing sets 
a manually operated switch on one of the external 
devices to the ON position. Manual switching is used 
when ease of switching is a requirement but speed is 
not. It is simple and economical. For an example of its 
application, consider several "test cells" on the test 
floor when only one is scheduled to run at a time. The 
multi-drop capability allows relatively quick rotation 
of test cells without the necessity of cable pulling 
and equipment movement. 

First Word AddreSSing: A more sophisticated ap
proach is to have the first word of a write operation 
contain the addressing information. Only the device 
which recognizes its address will respond to further 
interface signals. The device, once selected, will re
main so until a new write operation is initiated. To 
perform a write operation, the program need only 
ensure that the address cuoe appears in the first word. 
To perform a read operation, the program must first 
perform a one-word write operation to address the 
device. When the write command ends, the program 
can command chain directly to the read command. 

As implied earlier, the ending of the read com
mand does not end the selection of the external 
device. Selection can he changed only by a new 
write operation. (The exception to this is the case in 
which the external device has been reset by an oper
ator.) Additional read operations may thereby be 
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performed with the same external device without the 
necessity of an addressing write operation. 

Direct Control Feature: An even more sophisticated 
method of addressing is the use of the direct control 
feature (DCF) available on the System/360 processors. 
\Vith this feature, the addressing can be accomplished 
through the sense or timing lines. The external devices 
may also indicate their need of service with the use of 
the interrupt lines of the DCF. This device-program 
communication is performed independent of the PDA 

operation, thereby allowing for greater versatility. 
In addressing, the problem of interface control arises 

when the data word is split up for several external 
devices. The approach to this problem differs with 
each situation. Some typical questions a system de
signer might ask and the answers to these questions 
are given below. 

Question: In a multiple-device attachment, which 
device responds to the control signal from the 1/0 

interface? 
Answer: One device may be given the logic to re

spond to the interface signals. If there are no more 
than seven external devices on one interface, the others 
can monitor the input signal lines (input to the 2701). 

All devices can respond to the 110 interface con
trol signals. The restriction here ensures that there 
are no more than seven external devices on the line. 
For example, consider the demand line. Once one of 
the external devices has presented the demand signal 
to the interface, any or all of the other external devices 
can present the same signal to the interface. However, 
once the demand line has fallen, no other external 
device can raise it until the next ready signal has 
ocurred. As stated above, when the number of external 
devices on the interface is seven or less, all the external 
devices can monitor the input lines. 

Question: How does the external device know that 
the other units have stabilized the input data or sam
pled the output data? 

Answer: A standard data rate may be set when the 
demand signal is given at a fixed period of time after 
~"ho .. ; .. 0 nof t-ho rOr:lrh, linp 
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Question: How would one handle the case in which 
a data transfer is intended for an needed by a specific 
external device, but any data transfer including all 
zeros is meaningful to another external device sharing 
thc interface? 

Answer: One bit in the record to or from each ex
ternal device can be set aside as a validity indication. 
When this bit is on, the record is meaningful; when 
this bit is off, the record is to be ignored. This bit can 
be used on a read operation as well as a write. The 
program tests this bit; if on, it uses this record; if off, 
it ignores the record. 



The addressing schemes do not require any modifica
tion of the 2701. The 2701 has no indication of the 
number of external devices that are on the interface 
nor of the means used to address them. The program, 
of course, must be aware of the external device ad
dressing scheme. 

Speed of Operation 

The maximum over-all data rate possible for an exter
nal device is a complex function. It depends on param
eters such as the processor, the channel, the other 
control units operating on the same and/or other chan
nels, and the mode of operation (byte, multiple byte 
and burst). The Parallel Data Adapter transfers bytes 
with the channel at the maximum channel rate. 

Read Operation 

The read operation is initiated when the XIC-XA couple 
accepts a read command from the I/O channel. Upon 
the acceptance of this command, the read select and 
read ready lines are raised on the Parallel Data Adapter 
interface. The Parallel Data Adapter is then in a con
dition to accept the first word of data from the external 
device. When the input data is available, valid, and 
de-skewed on the input data bus, the external device 
will respond with the demand signal. The demand 
signal causes the dropping of the read ready line. The 
2701 will then attempt to obtain channel selection in 
order to perform a data transfer. When selection has 
been successfully accomplished, the XIC-XA couple will 
transfer the received data word a byte at a time to the 
I/O channel. The mode of operation will be either 
multiple-byte or burst mode. After the full data word 
has been transferred to the channel, the Parallel Data 
Adapter will again raise the read ready line, thus in
forming the external device that the Parallel Data 
Adapter is ready to accept the next word of data. When 
data is again available, the external device will signal 
demand, and the data transfer operation will proceed 
as above. 

The read operation may be ended in one of several 
ways: 

1. An external device presents EOR or EOF. When 
the external device has determined that it has com
pleted its data transfer with the System/360, it will 
signal either EOR or EOF. The EOR will cause the 2701 
to present the device end and channel end status to 
the channel. The EOF signal will cause the 2701 to send 
the device end, channel end, and unit exception status 
to the channel. The unit exception status would pre
vent command chaining in the channel. To ensure 
the acceptance and transfer of the last word of data, 
the EOR or EOF signal should not occur until the demand 
signal has fallen. Once the Parallel Data Adapter has 
accepted the word of data, the terminating status will 

not be set until the final word has been transferred to 
the channel. 

2. The channel can accept no more data. When the 
storage area allocated for the read operation has been 
filled and no other area is available, the channel can 
accept no more data. When the Parallel Data Adapter 
presents one more byte of data than the channel can 
accept, the channel will reject that byte and signal the 
2701 to cease the operation. When the Parallel Data 
Adapter recognizes the stop signal from the channel, 
it signals wc=o and read ready to the external device. 
The wc=o line informs the external device that the 
Parallel Data Adapter will not transfer data to the 
System/360 channel. The read ready signal is available 
for external devices which cannot end until they have 
reached a physical position or have transferred all their 
data. The Parallel Data Adapter looks for either the 
EOR/EOF signals or the demand signal in response to 
the read ready /wc=o signals. If the device can end 
immediately, it wilJ present either EOR or EOF. \Vhen 
the Parallel Data Adapter recognizes these signals, it 
will set the terminating status as described above. If 
the external device cannot end immediately, it will 
signal demand. Upon recognizing the demand signal 
in response to the wc=o/read ready signals, the Parallel 
Data Adapter will drop the read ready line and set 
the channel end status. The setting of the channel end 
status has meaning when the XIC-XA couple is operating 
on the selector channel. The setting of this status will 
release the 2701 from the selector channel, thus allow
ing the channel to operate with other control units. 
This status being set when the 2701 is operating on 
a multiplexor channel, in the multiple byte mode, has 
little use, since the multiplexor channel has a capa
bility of operating with all control units to which it is 
connected. When the external device drops the demand 
signal, the Parallel Data Adapter will again raise the 
read ready line. The data which is received by the 
Parallel Data Adapter is not transferred to the channel. 
This read ready-demand sequence continues until 
either the EOR/EOF or interrupt signals occur, where
upon the proper terminating status will be set. 

3. Interrupts are set by the external device. An inter
rupt signal occurring on the Parallel Data Adapter 
interface while a read command is in progress causes 
the immediate setting of terminating status. The atten
tion bit is also set in the status byte. An interrupt signal 
occurring while a a command is in operation must be 
used with the greatest caution. If an interrupt occurs 
during a demand signal, the deliverance of the last 
word of data to the channel is uncertain. If the inter
rupt signal is generated by other than the external 
device currently operating on the read command, this 
device either must be aware of the occurrence of the 
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interrupt, or must recognize its occurrence when the 
read select line drops prior to its setting the EOR or 
EOF signals. 

4. A timeout elapses. During a read with timeout 
command (valid only when the timeout feature has 
been obtained), if a timeout does elapse, the device end, 
channel end, and unit check status will be set with 
the timeout bit set in the sense byte. 

With every data word accepted by the Parallel Data 
Adapter, a check for correct odd parity is made. If a 
parity error check occurs, and the suppress parity error 
line is not signaled by the external device, then the unit 
check status bit will be set with the data check bit set in 
the sense byte. The command is not ended until the 
normal ending occurs. 

When an ending does occur, normal or otherwise, 
the Parallel Data Adapter will drop the select out line 
when the device end status has been set. 

Write Operation 

The write operation is initiated upon the selection of 
either a write or a write with timeout command. The 
write select line is raised and an immediate request for 
data transfer made on the Parallel Data Adapter's 
recognition of a write command. On the multiplexor 
channel, the Parallel Data Adapter forces the multi
plexor byte mode. vVhen the number of bytes in the 
data word is obtained from the I/O channel to the 
Parallel Data Adapter, the adapter raises the write 
ready line and, when applicable, starts the timeout. 

When the external device has accepted the data 
word, it responds with the demand signal. When the 
Parallel Data Adapter recognizes the demand signal, 
it will reset the data bus, terminate the timeout, and 
set up a request for another data transfer. With the 
transfer of each data word, the Parallel Data Adapter 
adds one bit of odd parity. If the external device checks 
this parity and determines there has been a parity error 
in the data transfer, it signals redundancy error. When 
the Parallel Data Adapter recognizes a redundancy 
error signal, it sets the timeout bit of the sense byte and 
adds the unit check bit to the terminating status when 
delivered. The command is not ended by the occur
rence of the redundancy error signal. The write opera
tion continues until one of the ending conditions occurs: 

1. The entire data message has been transferred from 
the I/O channel to the Parallel Data Adapter. This con
dition is recognized by a stop signal given by the 
channel when the Parallel Data Adapter requests the 
transfer of another byte of data. The Parallel Data 
Adapter will immediately set the wc=o line unless a 
partial word of data has been accumulated prior to 
receiving the stop signal from the channel. If this is 
the case, the Parallel Data Adapter will go through one 
additional write ready demand sequence prior to sig-
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naling the wc=o. In this way, the partial word will be 
transferred to the external device. The wc=o signal 
informs the external device that the I/O channel will 
not transfer any further valid data. The response of 
either EOR or EOF signals causes the device end, channel 
end status to be set and the operation ended. How
ever, as in the read operation, the write ready signal 
is given with wc=o. If the external device cannot 
immediately end, it will respond with the demand 
signal to the wc=o/read ready signals. \Vhen the 
Parallel Data Adapter recognizes the demand re
sponse, it immediately sets the channel end status and, 
upon the dropping of the demand signal, again sets the 
write ready signal. The data transferred on this write 
ready-demand sequence will be all zeros with the 
proper parity. The write ready/demand sequence con
tinues with write ready raised as soon as demand 
drops. \Vhen the external device sets either EOR, EOF or 
interrupt lines, the operation is ended with the proper 
terminating status. 

2. Halt I/O is received from the channel. The opera
tion for the halt I/O command is the same as though a 
data transfer stop signal were issued by the channel. 

3. The external device issues EOR or EOF signals. 
When the Parallel Data Adapter recognizes an EOR/EOF 

signal, it sets the device end and channel end status. 
\Vhen the EOR/EOF signal occurs prior to the receipt 
of a stop signal or halt I/O from the channel, the Parallel 
Data Adapter determines whether the last word of data 
was successfully delivered to the external device. If it 
was not, the unit check status is also set with the over
run bit set in the sense byte. 

4. The external device signals interrupt. When the 
Parallel Data Adapter recognizes an interrupt signal 
on the interface during a write operation, it sets de
vice end, channel end, and attention status, terminating 
the command. The cautions stated for the interrupt 
termination during read operations also apply here. 

5. Timeout elapses. During the execution of a write 
with timeout command, if the external device does not 
respond with the demand signal within 2 seconds of 
the occurrence of the write ready signal, the timeout 
elapses. This sets ihe device end, channel end, and unit 
check status with the timeo11t sense bit set. 

Interrupts 

The Parallel Data Adapter recognizes an interrupt sig
nal whether or not it has a command. In fact, a com
mand is usually not present. In either case, when an 
interrupt signal is recognized, the attention status will 
be set. As described under the read and write opera
tions, if a read or write command is present, the ter
minating status will also be presented. vVhen operating 
without a command, the interrupt signal causes the 
attention status by itself to be presented to the channel. 



Diagnostics 

The Parallel Data Adapter operates under two diag
nostic commands. Diagnostic write command presents 
one word of data to the Parallel Data Adapter. A diag
nostic read operation causes the data stored in the 
Parallel Data Adapter's register to be read back to 
the channel. The diagnostic read operation will not 
cause the data register to be reset as is done with the 
normal read operation. With both the diagnostic read 
and diagnostic write operations, the control signals to 
the external device are inhibited. The external device 
will have no means of determining that a diagnostic 
read or a diagnostic write operation is occurring. If 
an interrupt signal occurs during a diagnostic opera
tion, the Parallel Data Adapter responds as though a 
normal command were present by setting the device 
end, channel end, and attention status. The diagnostic 
operation checks the data path up to the external inter
face circuits. 

Status Byte 

The following statuses may be set by the Parallel Data 
Adapter. 

Channel End: The channel end status appears by 
itself upon the refusal of the external device to respond 
to a wc=o signal on either a read or write operation. 
The status indicates that the 2701 Parallel Data 
Adapter will transfer no additional bytes of data with 
the channel. 

Device End: The device end status appears by itself 
only when it has been preceded by the channel end 
status. The device end status indicates that the external 
device and Parallel Data Adapter have completed their 
operations and are free to accept additional commands. 

Device End, Channel End: The device end, channel 
end status indicates that the operation has been 
brought to a normal ending. 

Device End, Channel End, Unit Check: This status 
indicates that an unusual ending condition has 
occurred. The sense byte should be obtained to deter
mine which of the unusual ending conditions has 
occurred. 

Device End, Channel End, Unit Exception: This 
status indicates that the external device has ended nor
mally with the end of file signal. 

Device End, Channel End, Unit Exception, Unit 
Check: This status indicates that an unusual ending 
has occurred with the external device signaling the end 
of file. The sense byte should be obtained to deter
mine the cause for the unusual ending. 

Device End, Channel End, Attention: The device 
end, channel end, attention status indicates that the 
operation has been ended in one of two ways: it has 
been ended by either the interrupt signal or the EOR 

signal, and prior to the status being delivered to the 
channel, an interrupt signal has occurred. 

Device End, Channel End, Unit Exception, Atten
tion: This status indicates that the operation has ended 
normally with the end of file signal and that prior to 
the status being delivered to the channel an interrupt 
signal has been received. 

Device End, Channel End, Unit Check, Attention: 
This status indicates that the operation has ended ab
normally in one of two ways: 

1. The operation has been ended by an EOR signal 
with an unusual occurrence and an interrupt signal 
has been received prior to the status being delivered 
to the channel. 

2. The operation has been ended by the interrupt 
signal, with an unusual condition having occurred prior 
to the appearance of the interrupt signal. 

In either case, the sense byte contains information 
defining the cause of the unit check status. 

Device End, Channel End, Unit Check, Unit Excep
tion, Attention: This status indicates that the operation 
has not been successfully completed, that it has been 
ended by the EOF signal, and that an interrupt signal 
occurred prior to the status being delivered to the 
channel. 

The sense byte contains the cause of the unit check 
status. 

Sense Byte 

Command Interrupt Bit 1: This bit is set when an 
interrupt signal is received while the Parallel Data 
Adapter is operating on a command. If the command 
has been normally ended and an interrupt condition 
occurs prior to the status being transferred to the 
channel, the sense bit will not be set. The condition 
of this sense bit enables the programmer to determine 
which of the two causes for ending occurred under the 
channel end, device end, attention status and the de
vice end, channel end, unit check, attention status. 

Data Check Bit 4: This bit is set when a parity check 
fails during a read operation and the suppress parity 
line is not signaled. This bit is also set when redun
dancy check is signaled. 

Overrun Bit 5: This sense bit indicates that data has 
been lost. This occurs during a write operation when 
the EOR or EOF signal is set prior to the data in the 
Parallel Data Adapter being delivered in the external 
device. This bit will not be set during read operations. 
Data is lost when a stop is received from the channel 
when the Parallel Data Adapter is attempting to per
form a data transfer. However, the channel has the 
ability to recognize this occurence. The Parallel Data 
Adapter will not cause a unit check interrupt. 

Timeout Bit 7: This bit is set during a read with time
out or write with timeout operation when the external 
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device does not respond to a data transfer request 
within the 2-second timeout period. 

Contact Sense Adapter 

The contact sense adapter provides the System/360 
with the capability of determining the condition of re
motely set contacts and for binary voltage levels. The 
basic contact sense adapter has provisions for oper
ating with 48 points and is expandable in two steps of 
48 up to 144 points. The contact sense adapter recog
nizes either a contact closure or a binary voltage level. 
The selection between contact sensing or voltage level 
sensing is done on a per byte basis as an installation 
option. Each byte can be specified as to whether it is 
to be contact sensing or a voltage sensing. Under pro
gram command, the contact sense adapter samples and 
transfers to the channel from 1 to 18 bytes of sampling 
data. \Vhen operating on the multiplexor channel, the 
contact sense adapter operates in the word mode. In 
addition to transferring the contact conditions to the 
110 channel under program command, the contact sense 
adapter, as an additional wire option, recognizes a con
tact closure or a binary voltage level going to 1 of any 
one of 8 points in the first contact sense byte as an 
interrupt condition. 

The contact sense adapter also has the capability, 
under program command, of performing a timeout. 
This timeout is initially set to be from 30 microseconds 
to 4 seconds by the customer engineer at installation 
time. \Vhen performing this timeout, the contact sense 
adapter initially samples and delivers the number of 
bytes requested, presents the channel end status and 
then initiates the timeout. At the conclusion of the time
out period, the device end status is set. 

Commands 

The contact sense adapter recognizes and operates on 
the following commands (the bit configuration is 
shown in Figure 20) . 

Read A: On recognition of the read A command, the 
contact sense adapter samples the contact points start
ing with the first byte. Each byte of data is transferred 
in succession to the I/o channel until either the last 
byte in the adapter has been delivered or a STOP has 
been received from the channel. 

Read B: On recognition of the read B command, the 
contact sense adapter samples the contact points start
ing with the seventh byte. Each byte of data is trans
ferred in succession to the I/o channel until either the 
last byte in the adapter has been delivered or a STOP 

has been received from the channel (this command is 
valid only when the first extension feature is obtained). 

Read C: On recognition of the read C command, the 
contact sense adapter samples the contact points start
ing with the 13th byte. Each byte of data is trans-
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Bit Configurations 

Commands 0 3 4 5 6 

Read A 0 0 0 0 0 0 

Read A with Timeout 0 0 0 0 0 

Reod B 0 0 0 0 0 

Read B with Timeout 0 0 0 0 

Reod C 0 0 0 0 0 

Read C with Timeout 0 0 0 0 

Diagnostic Read Odd 0 0 0 0 

Diagnostic Read Even 0 0 0 0 0 

Figure 20. Bit Configuration for Contact Sense Adapter 
Commands 
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ferred in succession to the 110 channel until either the 
last byte in the adapter has been delivered or a STOP 

has been received from the channel (this command 
is valid only when the second extension feature is 
obtained). 

Read A with Timeout: This command is identical to 
the read A command except that at the end of the read 
A operation, the channel end status is presented and a 
timeout is initiated. At the completion of the timeout, 
the device end status is delivered (this command is 
valid only when the first extension feature is obtained). 

Read B with Timeout: This command is identical to 
the read B command except that at the end of the read 
B operation, the channel end status is presented and a 
timeout is initiated. At the completion of the timeout, 
the device end status is delivered. 

Read C with Timeout: This command is identical to 
the read C command except that at the end of the 
read C operation, the channel end status is presented 
and a timeout is initiated. At the completion of the 
timeout, the device end status is delivered (this com
mand is valid only when the second extension feature 
is obtained). 

Diagnostic Read Odd: \Vith this command, the con
tact sense adapter circuitry sets the odd bytes to a 
logical 1 and the eVen bytes to a logical O. II normal 
read A operation is then performed. 

Diagnostic Read Even: With this command, the con
tact sense adapter circuitry sets the even bytes to a 
logical 1 and the odd bytes to a logical O. A normal 
read A operation is then performed. 

Extension Features 

The contact sense adapter provides for the sampling 
of 48 external points. The two extension features allow 
the number of contact points to be expanded to 96 
and 144. The first extension feature validates the read 
B and the read B with timeout commands, and the 



program has the ability of picking and dropping each 
contact point without disturbing the condition of the 
other contacts. The basic Contact Operate Adapter 
comes with 48 contact points and is expandable in 
steps of 48 to 96 or 144 contact points. When operating 
on the multiplexor channel, the Contact Operate 
Adapter forces the multiple byte mode of operation. 
Momentary contact closures can be achieved through 
the use of the timeout operation and command chain
ing, as will be discussed in the folbwing sections. 

Commands 

The Contact Operate Adapter decodes and executes 
the following commands. (See Figure 21 for bit con
figuration. ) 

Bit Configurations 

Commands 0 2 3 4 5 6 7 

Write A 0 0 0 0 0 0 0 

Write A with Timeout 0 0 0 0 0 0 

Write B 0 0 0 0 0 0 

Write B with Timeout 0 0 0 0 0 

Write C 0 0 0 0 0 0 

Write C with Timeout 0 0 0 0 0 

Diagnostic Read o 0 0 0 0 0 o 

Figure 21. Bit Configuration for Contact Operate Adapter 
Commands 

Write A Command: The write A command starts the 
data transfer to the first byte of the Contact Operate 
Adapter. The bytes are brought in one at a time from 
the channel to the Contact Operate Adapter's registers. 
A 1 condition will cause a contact to set (close); a 
o condition will cause a contact to be reset (open); 
contacts which are not required to change condition 
by the write operation will not open or close, that is, 
a contact which is closed remains closed, and a con
tact which is open remains opened without any mo
mentary changes in condition. 

Write B Command: The Write B Command starts 
the data transfer to the seventh byte of the Contact 
Operate Adapter. The bytes are brought in one at 
a time from the channel to the Contact Operate 
Adapter's register. A 1 condition will cause a con
tact to close; a 0 condition will cause a contact to 
open. Contacts which are not required to change con
dition by the write command will not close or open, 
that is, a contact which is closed remains closed, and 
a contact which is open remains opened without any 
momentary changes in condition. The operation will 
be terminated with the device end, channel end status 
after the last byte has been obtained or a stop signal 

received from the channel. (This command is valid 
only when the first or second extension feature is 
obtained. ) 

Write C Command: The write C command starts 
the data transfer from the 13th byte of the Contact 
Operate Adapter. The bytes are brought in one at a 
time from the channel to the Contact Operate Adap
ter's registers. A 1 condition will cause a contact to 
set (close); a 0 condition will cause a contact to reset 
( open). Contacts which are not required to change 
condition by the write command will not experience 
any momentary opens or closures, that is, a contact 
which is closed remains closed, and a contact which 
is open remains opened without any momentary 
changes in condition. The operation will be terminated 
with the device end, channel end status after the last 
byte has been obtained or a stop signal received from 
the channel. (This command is valid only when the 
second extension feature is obtained.) 

Write A with Timeout: This command is operated 
in the same manner as the write A command, except 
that after the last byte or a stop signal has been re
ceived from the channel, the Contact Operate Adapter 
will set the channel end status and initiate a timeout. 
At the completion of the timeout, device end status 
will be set. 

Write B with Timeout: This command is operated 
in the same manner as the write B command, except 
that after the last byte has been received or a stop 
signal has been received from the channel, the Contact 
Operate Adapter will set the channel end status and 
initiate a timeout. At the completion of the timeout, 
device end status will be set. (This command is valid 
only when the first extension feature is obtained.) 

Write C with Timeout: This command is operated 
in the same manner as the write C command, except 
that after the last byte has been received or a stop 
signal has been received from the channel, the Con
tact Operate Adapter will set the channel end status 
and initiate a timeout. At the completion of the time
out, device end status will be set. (This command is 
valid only when the second extension feature is ob
tained. ) 

Diagnostic Read: The diagnostic read operation 
causes one byte of data to be read to the 110 channel. 
The first bit in this byte is the OR' ed function of the 
contact conditions of the first bit position in each byte, 
that is, if the first, 13th, 20th, 27th, 34th, or 41st contact 
is closed, the first bit in the read byte will be a l. If all 
are opened, the bit will be a O. Likewise, the second 
bit position in the read byte is the OR' ed function of 
the second bit in each byte of the Contact Operate 
Adapter. This continues until the eighth bit in the 
read byte becomes the OR' ed function of the eighth 
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bit position in each byte of the Contact Operate 
Adapter. 

Extension Features 

The Contact Operate Adapter provides 48 contacts 
for external sampling. Through the use of the two 
extension features, the number of contacts can be ex
tended to 96 and 144, respectively. The first extension 
feature validates the write B commands, and the sec
ond extension feature validates the write C commands. 

Adapter Operation 

The Contact Operate Adapter presents a two-wire per 
contact interface for external sampling. Detailed in
formation concerning the timing and contact readings 
for this connection will be available in the IBM 2701 
Data Adapter Unit Original Equipment Manufacturers 
Information, Form A22-6844. 

The length of the timeout may be set at installa
tion time to be anywhere from 30 milliseconds to 4 
seconds. 

Write Operation: The write operation is initiated by 
the Contact Operate Adapter accepting anyone of the 
six write commands. Upon recognizing a write com
mand, the Contact Operator Adapter will accept the 
first byte of data from the 110 channel and place it in 
the contact operate register in the first, seventh, or 13th 
byte position, depending upon the command. The con
tact operate register maintains the current condition 
for each contact point. A logical 1 stored in a contact 
operate register position will cause the associated con
tact to be held closed (set). This register does not need 
to be cleared prior to loading in a new byte of data. 
This allows the contacts, once set, to remain set during 
loading operations on other contacts. As soon as a bit 
position in the contact operate register is loaded with 
a logical 1, the corresponding relay will commence the 
setting of the contact. The contact operate adapter uses 
reed relays and the set time is approximately 1 milli
second. When a bit position contains a 0, the cor
responding relay will be reset (open). The reset time 
is in the order of several hundred microseconds. 

Once the first byte of data has been loaded into the 
contact operate register the Contact Operate Adapter 
will request the next byte of data from the 110 channel. 
The operation is terminated when either the last byte 
of data has been loaded into the contact operate regis
ter, the last byte of data being either the sixth, 12th, 
or 18th byte, depending upon the number of extcnsion 
features obtained, or a stop signal is received from the 
110 channel. When the command is without a timeout, 
the device end, channel end status is set. When the 
command is with a timeout, the channel end status is 
set, and a timeout operation is initiated. At the com
pletion of the timeout the device end status is set. 

40 

The programmer will find it most helpful to maintain 
a mirror of the contact operate register within core. 
With this, the programmer has an indication of the 
exact status of every contact in the Contact Operate 
Adapter. This also aids in the setting of the ''''rite 
message. For example, when a contact point needs to 
be changed, the programmer need only change the bit 
position as it appears in core and perform a Write A, 
Write B, or Write C with the byte count just large 
enough to ensure that the bit change is transferred to 
the Contact Operate Adapter. 

When the need exists for momentary contact clos
ures, the contact operate timeout commands should 
be used. For example, consider the case where a 
contact needs to be closed for a period of 3 seconds 
and then opened, the timeout set to 1 second. To do 
this, the programmer sets up four write commands. 
The first three write commands are with timeout and 
command chaining. The fourth command is without 
a timeout. With the first write command, the pro
grammer sets the contacts to the initial conditions. 
The second and third write commands can either 
rewrite the same data that was written with the first 
write command or rewrite just one byte. The latter can 
be done because the command does not change any 
contact conditions. The commands are needed only to 
initiate a timeout. This technique is used to reduce the 
system interference. The fourth write command causes 
the required contacts to be opened. The Contact Oper
ate Adapter, when receiving the first write command, 
loads the contact operate register, thus setting the 
contacts in the initial condititons. After the last byte 
is transferred, the channel end status is presented and 
a timeout initiated. At the end of the I-second time
out the device end status is presented. Command 
ch;ining then occurs to the second write command. 
After the data transfer initiated by the second write 
command has been completed, the channel end status 
is presented and the timeout initiated. At the termi
nation of the timeout, the device end status is set, 
and chaining occurs to the third write command. The 
third write command is operated on by the Contact 
Operate Adapter as is the second write command. 
After the third I-second timeout is completed, the Con
tact Operate Adapter sets the device end status and 
the channel command chains to the final write opera
tion. The data transfer in this write operation causes 
the a pplica ble contacts to be reset. At the completion of 
the data transfer, the device end, channel end status is 
presented, and an interrupt occurs. The interrupt in
forms the program that the operation has been com
pleted. This example would have been much simpler if 
the length of the timeout were 3 seconds rather than the 
1 second specified. An example with the length of 
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The transmission adapter (XA) provides for the con
nection and operation of remote and local devices 
with the System/360. The 2701 obtains its personality 
from the transmission adapter it houses. Each trans
mission adapter provides for the attachment and 
operation of a particular device or class of devices 
with the 2701. The transmission adapter contains the 
circuitry and logic for the control of a terminal de
vice, the buffering of the data flow, the decoding of 
the program commands, and the connection to and 
operation with the XIC and the I/O channel. 

Transmission adapters used in the 2701 are classi
fied into one of three types: communications-start/stop 
adapters, communications synchronous adapters, and 
data acquisition and control adapters. 

Communication-Start /Stop Adapters 
Start/stop adapters for the 2701 include the following: 
IBM Terminal Adapter-Type I, IBM Terminal Adapter
Type II, Telegraph Adapter-Type I, Telegraph Adapter
Type II, IBM Telegraph Adapter, and the World Trade 
Telegraph Adapter. The operation of the 2701 start/ 
stop adapters with the remote terminals requires vari
ous types of communications facilities and data sets 
(Figure 6). Figures 7 and 8 list the 2701 start/stop 
adapters and the terminals that may be operated with 
each. Also listed are the communications facilities and 
data sets required for the operation. 

Programming Considerations 
For those communication-start/stop terminals (1030, 
1050, 1060, 1070, etc.) which can operate with both 
the 2701 and 2702, the operation programs used are 
identical. However, this compatibility does NOT extend 
to diagnostic programs. 

Commands 
The communications-start/stop adapters decode and 
execute the commands listed below. Some commands, 

2701 
Data Adapter Unit 2701 

Data Set 

Communication 
Facility 

Transmission Adapters 

such as read, write, and inhibit, are valid for all adap
ters; other commands, such as dial and search, are 
valid only for certain ones. The commands used by 
each type of adapter are listed in the section for that 
adapter. Binary representation of each command is 
given in Figure 9. 

Read: This command causes bytes to be transferred 
from the communication line to the channel at a data 
rate equal to that of the communication line. 

Write: This command causes bytes to be transferred 
from the channel to the communication line at a data 
rate equal to that of the communication line. 

Inhibit: This command performs the read operation 
but inhibits the time-out function. Otherwise, the 
operation proceeds as if a read command had been 
issued. 

Break: This command causes the 2701 to transmit 
continuous space signals to the line. Bytes transferred 
from the channel to the addressed unit must all be 
zeros. To provide control over the length of a space 
signal, a byte count must be specified by the program. 

Prepare: This command can be used in a contention 
type communications system to indicate (to the cpu) 
that data are arriving. When a valid start bit is de
tected while the XIC-XA couple is operating upon a 
prepare command, the command is terminated with a 
device end, channel end status. Prepare can be 
command-chained to a normal read command. No 
data transfer occurs with this command, and timeout 
is not active during its execution. 

Search: This command causes the 2701 to react as 
though a read command has been issued, but data are 
not transferred to the channel. The data line is moni
tored for an EOT (end of transmission). Line timeout 
is active during the execution of this command. This 
command is valid only for the Telegraph Adapter
Type I. 

Terminal 
Data Set 

Terminal 

Figure 6. Terminal Connection via Data Sets and Communications Facilities 
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Terminal 

1050 Data Communication System 
1051 Control Unit Model 1 or 2 

1051 Control Unit Model 1 or 2 
with Telegraph Attachment *7873 

1051 Control Unit Modell or 2 
with Line Adopter *4790 

1060 Data Communication System 
1061 Control Unit Modell or 2 

1061 Control Unit Modell or 2 
with Line Adopter 114790 

1030 Data Collection System 
1031A Input Station 

1031 A Input Station 
with Common Carrier Adopter #2068 

1070 PrQCess Communications System 
1071 Control Unit Modell 

1071 Control Unit Modell 
with Line Adopter 114792 

1071 Control Unit Model 2 

1071 Control Unit Model 2 
with Line Adopter #4793 

TWX (Teletypewriter Exchange) 
Teletypewriter Corporations 
Models 33 and 35 
Teletypewriters 

Other Terminals 
AT&T 8382 Selective 
Coiling Terminai 

\A/estern Union P!or: 11S.A 
Outstation 

I 

I 

Communication Facility 

Common Carrier Switched 
Telephone Network 
Common Carrier Switched ~150 bps) ! 
Teletypewriter Exchange (TWX) I 

Network 
Common Carrier Leased Private 
Line Telephone Service 
Western Union Closs 0(180bps) 
Channel 
Telephone Company Schedule 3 
or Western Union Closs C Channels 
(62.5 ma Neutral Signal) 

Customer-Owned Two-Wire 
Networks Conforming to IBM 1030 
Data Collection System Physical 
Planning, Form A24-3021 

Common Carrier Leased Private 
Telephone Service 
Western Union Closs 0 (180 bps) 
Channel 
Customer-Owned Two-Wire 
Networks Conforming to IBM 1030 
Data Collection System Physical 
Planning, Form A24-3021 

Customer-Owned Two-Wire 
Network Conforming to IBM 1030 
Data Collection System Physical 
Planning Form A24-3021 
Common Carrier Leased Four-Wire 
Full Duplex Private Telephone 
Service 
Western Union Closs E(1200bps) 
Channel 

Common Carrier Leased Private 
Line Telephone Service 
Western Union Closs 0 (180 bps) 
Channel 
Customer-Owned Two-Wire 
Network Conforming to IBM 1030 
Dota Collection System Physical 
Planning Form A24-3021 
Common Carrier Leased Four-Wire 
Full Duplex Private Telephone 
Service 
Western Union Closs E (1200 bps) 
Channel 
Customer-Owned Two-Wire 
Network Conforming to IBM 1030 
Data Collection System Physical 
Planning, Form A24-3021 

Common Carrier Switched 
Telephone Networks or Switched 
150 bps TWX Networks 

Telephone Company Schedule I 
Channels (45 bps) 

Telephone Company Schedule 2 

I Channels (57 bps) 

Telephone Company Schedule 3 
Channels (75 bps) 

Western Union Closs B Channels 
(57 bps) 

Westem Union Closs C Channels 
(75 bps) 

I 

Terminal Dota Set 2701 Data Set Speed 

Western Electric Western Electric 
103A 103A 

134.4 Baud 

Western Electric Western Electric 14.8 Char/Sec 
1 03B or F 103F 

Western Union Western Union 
Dota Set 8500 Dota Set 8500 

75.0 Baud 
Not Required Not Required 

8. 33 Char/Sec 

134.4 Baud 
Not Required Not Required 

14.8 Char/Sec 

Western Electric Western tlectric IJ4.4 Baud 
103B 103F 

Western Union Western Union 14.8 Char/Sec 
Dota Set 8500 Data Set 8500 

134.4 Baud 
Not Required Not Required 

14.8 Char/Sec 

600 Baud 
Not Required Not Required 

60 Char/Sec 

Western Electric Western Electric 600 Baud 
202B 202B 

60 Char/Sec 
Western Union Western Union 

160l-A 160l-A 

Western Electric Western Electric 134.4 Baud 
103F 103F 

Western Union Western Union 14.8 Char/Sec 
Dota Set 8500 Dota Set 8500 

134.4 Baud 
Not Required Not Required 

14.8 Char/Sec 

Western Electric Western Electric 600 Baud 
202B 202B 

66.6 Char/Sec 
Western Union Western Union 

160\-A 160l-A 
600 Baud 

Not Required Not Required 
66.6 Char/Sec 

Western Electric Western Electric 110 Baud 
103A 103A 

Not Required Not Required 

I 

45.5 Baud 

56.9 Baud 

I 
74.2 Baud 

Not Required Not Required 56.9 Baud 

74.2 Baud 

I 
• Figure 7. Attachable Terminals and Communications Facilities for Domestic Use (Communica

tions-Start/Stop Adapters) 
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2701 Adopters 

#4645 
I IBM T.~;ool Adop'" TyI'" I 

IBM Telegraph Adopter I 

IBM Terminal Adopter Type I 
#4645 

IBM Line Adopter 
#4636 

IBM Terminal Adopter Type I 
114645 

IBM Terminal Adopter Type I 
#4645 

IBM Line Adopter 
#4636 

IBM Terminal Adopter Type II 
#4648 

IBM Line Adopter 
#4637 

IBM Terminal Adopter Type II 
#4648 

IBM Terminal Adopter Type I 
#4645 

IBM Terminal Adopter Type I 
#4645 

IBM Line Adopter 
#4636 

IBM Terminal Adopter Type I 
#4646 

IBM Terminal Adopter Type I 
#4646 

IBM Line Adopter 
#4637 I 

Telegraph Adopter Type II 
#7885 

I Telegraph Adopter Type I 

I ,-
I I Telegraph Adopter Type I 

I #7861 

Telegraph Adopter Type I 
#7862 

~ 

ieiegraph Adopter Type: 
#7861 

Telegraph Adopter Type I 
#7862 

I I 



Communications-Synchronous Adapter 

For the 2701, there is only one communications syn
chronous type adapter: the Synchronous Data Adapter
Type I. 

The Synchronous Data Adapter-Type I enables the 
2701 to control data transfers in half-duplex syn
chronous mode between an IBM System/360 computer 
and the following synchronous transmitter receiver 
( STR) terminals and devices: 

1. IBM 1009 Data Transmission Unit, IBM 1013 Card 
Transmission Terminal, IBM 7702 Magnetic Tape 
Transmission Terminal, or the IBM 7740 Communi
cation Control System at the following rates: 

1,200 bits per second (150 characters per second) 
2,000 bits per second (250 characters per second) 
2,400 bits per second (300 characters per second) 
2. IBM 7701 Magnetic Tape Transmission Terminal 

or the 7750 Programmed Transmission Control at 1,200 
bits per second ( 150 characters per second) . 

3. IBM 7710 Data Communication Unit, IBM 7711 
Data Communication Unit, or another IBM System/ 
360 equipped with a 2701 Data Adapter Unit with the 
Synchronous Data Adapter-Type I at the following 
data rates: 

1,200 bits per second (150 characters per second) 
2,000 bits per second (250 characters per second) 
2,400 bits per second (300 characters per second) 
40,800 bits per second (5,100 characters per second) 
Refer to Figure 17 for the required communications 

facilities and data sets for each of the speeds described 
in items 1,2, and 3. 

I Three features are obtainable on the Synchronous 
Data Adapter-Type I. 

1. Internal clock feature (prerequisite: Synchronous 
Data Adapter-Type I) provides the clocking pulses for 

:\ommunica- Common Carrier Common Carrier 
tions Facili- Switched Telephone Leased Private Line 

Speed ties Networks Telephone Services 
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transmission speeds of 1,200; 2,000; and 2,400 bits per 
second. This feature is required when the data set 
does not provide the clocking pulses. 

2. Dual communication interface feature (prerequi
site: Synchronous Data Adapter-Type I) provides a 
second communication interface. Only one interface 
is operable at a time. 

3. Automatic call feature: Enables the 2701 to orig
inate calls on a switched dial network by dialing 
through an AT & T 801Al type auto dial unit. This fea
ture is not needed or used for handling the automatic 
answering of calls on a switched network. This feature 
is available only for operation at 1,200 bps. 

For this adapter, additional information concerning 
commands, status bytes, sense bits, and operational 
functions will be provided in later publications. 

Data Acquisition and Control Adapters 
Data acquisition and control adapters for the 2701 in
clude the following: the Parallel Data Adapter, Con
tact Sense Adapter, Contact Operate Adapter, and 
Serial Synchronous Adapter. 

Parallel Data Adapter 

The Parallel Data Adapter allows for the connection 
and operation of external devices that transfer data, 
parallel by bit, serial by word, with the System/360 
processor. The data word size is 16 bits, expandable in 
groups of eight up to 48 bits. The Parallel Data Adapter 
presents a demand response interface to the external 
device that allows for the half duplex transfer of 
parallel data words into and out of System/360 proc
essor and the external device. The Parallel Data 
Adapter controls this interface, converts from data 

Common Carrier Customer Owned 
Broadband Communi- Communicati ons 
cations Services Facil ities 

1200 bps Western Electric Data Western Electric Data Modem equipment 
Set 202A or equivalent Set 202A, B, or Western Not Applicable (data set) having a 

(150 cps) Union Data Set 1601A proper interface must 
See note. or equivalent. be used. 

See note. 

2000 bps Western Electric Data Western Electric Data Modem equipment 
Set 201 A or equivalent Set 201A or equivalent Not Applicable (data set) having a 

(250 cps) proper interface must 
See note. be used. 

2400 bps Not Appl icable Western Electric Data Modem equipment 
Set 201 B or equivalent Not Applicable (data set) having a 

(300 cps) proper interface must 
be used. 

40,800 bps Modem equipment 
Western Electric Data (data set) having a 

Not Applicable Not Appl icable Set 301B proper interface must 
(5,100 cps) be used. 

NOTE: The Internal Clock feature is required for operation at 1200 bits per second and on the Switched Telephone Networks. 

Figure 17. Communications Facilities and Transmission Speeds 
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word to byte and from byte to data word, develops 
and checks one bit of odd parity per data word, and 
transfers data to and from the I/O channel, parallel 
by bit, serial by byte. The Parallel Data Adapter forces 
the multiple byte mode of operation on the multi
plexor channel. The number of bytes transferred in the 
multiple byte operation is dependent upon the size of 

I the data word. This can vary from two to six bytes. 
In addition to the parallel data operation, the PDA 

and the direct control feature (OCF) on a System/360 
processor can simulate the direct data feature on the 
704X (7040-7044) and 709X (7090, 7094, 7094 II) sys
tems. The interface circuitry is different, but the logi
cal operation is the same. 

Commands 

The Parallel Data Adapter decodes and executes the 
following commands. (See Figure 18 for the configura
tion. ) 

Bit Configurations 

Commands 0 2 3 4 5 6 7 

Read 0 0 0 0 0 0 0 

Read with Timeout 0 0 0 0 0 0 

Write 0 0 0 0 0 0 0 

Write with Timeout 0 0 0 0 0 0 

Diagnostic Write 0 0 0 0 0 0 

Diagnostic Read 0 0 0 0 0 0 

Figure 18. Bit Configuration for Parallel Data Adapter Commands 

Read: This command causes the Parallel Data 
Adapter to accept data words from the external de
vice and present them a byte at a time to the 
System/360 channel. 

Write: This command causes the Parallel Data 
Adapter to take bytes of data from the System/360 
channel, assemble them into data words, and transfer 
them to the external device. 

Read with Timeout: This command is the same as 
the read command described above, except that a 
2-second timeout is performed on the response of the 
external device to a request for data transfer made 
by the Parallel Data Adapter. This command is only 
valid when the timeout feature is obtained. 

Write with Timeout: This command is the same as 
the write command described above, except that a 
2-second timeout is performed on the response of the 
external device to a request for a data transfer made 
by the Parallel Data Adapter. This command is valid 
only when the timeout feature is obtained. 

30 

Diagnostic Write: The diagnostic write command 
operates as the normal write. However, the control 
and data transfer operations with the external device 
are inhibited. After one data word has been assem
bled in the Parallel Data Adapter, the device end, 
channel end status is presented, which terminates the 
command. 

Diagnostic Read: This command operates like the 
normal read operation, except that the control and 
data transfer operations with the external device are 
inhibited. The data word stored in the Parallel Data 
Adapter's assembly register is transferred to the 
channel, and the device end status is presented, which 
terminates the command. This command should be 
preceded by the diagnostic write command. 

Special Features 

Extension Features: The Parallel Data Adapter pro
vides a data word of 16 bits plus one bit of parity in 
each direction. Through the use of the extension fea
tures, the data word can be extended to 48 bits. One 
bit of parity is supplied for the data words regardless 
of the number of extension features used. Each exten
sion feature adds eight input and eight output bits to 
the data word. 

Timeout Feature: The timeout feature is used to 
recognize an external device failure. The timeout is 
initiated under program command. A 2-second timeout 
is performed from the time the Parallel Data Adapter 
notifies the external device that it is ready for a data 
transfer until the time that the external device re
sponds. In detail, when the read ready or write ready 
line is raised, the timeout begins. The timeout is reset 
when the external device raises the demand line. The 
timeout will restart on the next occurrence of a read 
ready or write ready signal. If the demand response 
does not occur within the 2-second timeout period, the 
command will be ended with the device end, channel 
end and unit check status set and with the timeout 
bit set in the sense byte. 

Adapter Operation 

Operation between the Parallel Data Adapter and the 
external device is made through the Parallel Data 
Adapter interface. The interface consists of a set of 
lines that provide for control, signals and data paths 
(Figure 19). The name and functions of each line or 
lines of the interface are described below. Detailed 
information concerning timing and voltage levels will 
be published in the IBM 2701 Data Adapter Unit 
Original Equipment Manufacturers Information man
ual Form A22-6844. 

Output Data Bus (PDA to External Device): Tne 
output data bus consists of 17 lines on the basic 
adapter. Sixteen lines are used to present data and one 
line is used to present the odd parity bit to the exter-
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