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PREFACE 

This publication describes the universal 
code synchronous transmit-receive (UCSTR) 
custom communications feature. This 
feature is available on a request for 
price quotation from IBM basis (RPQ 
M24798). Other RPQ features can be used 
in conjunction with the UCSTR. The 
following is a list of features and their 
respective RPQ number. For a complete 
description of each feature, refer to 
UCSTR Special Features. 

Feature RPQ Number 

High speed 
six-bit and seven-bit level code 
Longitudinal redundancy check 

(LRC) 
Vertical redundancy check (VRC) 
Terminal address recognition 

M244l8 
M2442l 

M250l9 
834533 
M34070 

This publication includes sufficient 
information about the IBM System/360 
Model 20 to provide a foundation for the 
special devices and operations included 
with the UCSTR feature. For more detailed 
information about the IBM System/360 
Model 20; refer to the Systems Reference 
Li~rary publication 
IBM System/360 Model 20 Functional 
Characteristics Form A26-5847. 

First Edition 

Specifications contained herein are subject to change from time to 
time. Any such change will be reported in subsequent revisions or 
Technical Newsletters. 

The illustrations in this manual have a code number in the lower comer. 
This is a publishing control number and is not related to the subject matter. 

Copies of this and other IBM publications can be obtained through IBM Branch Offices. 

A form is provided at the back of this publication for your commenlS. 

This manual was prepared by the IBM Systems Development Division, 
Product Publications, Dept. 455, Bldg. 014, San Jose, California 95114. 
Send commenlS concerning the contenlS of this manual to this address. 

© International Business Machines Corporation, 1967 
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'rhe universal code synchronous transmit­
receive (UCSTR) feature provides a means 
of communication that is independent of 
the transmission code used. '1'he UCSTR 
is designed for flexibility, :lllowing 
communication in several modes of 
operation • 

cmll'lUNICATION FACILITIES 

Private line or switched (dial-up) 
communications facilities may be used 
to implement UCSTP operation. These 
facilities can be obtained from 
communications common carriers or, if 
equivalent to the common carrier 
facilities, they may be customer provided. 
'rhe communication facilities must provide 
for either half-duplex message transmission 
(alternate transmission in either 
direction, over one pair of wires, on a 
non-simultaneous basis), or four-wire 
half-duplex facilities may be used, 
reducing the normal turn-around delays 
associated with two-wire half-duplex 
message transmission. IlessaSe transmission 
for either two-wire or four-wire facilities 
is in onlv one direction at a time. 

For UCS'I'n. operations, the cortlTl1Unications 
configuration can be designed for either 
a point-to-point or mUltipoint operation, 
depending on tile requirer,ents of the 
user. The specific data set equipment 
used at each channel termination point 
(station) is determined by the type of 
communications channel as 'clell as the 
operating speed of the terminal equipment 
located at each station. 

Point-to-Point Configurations 

hlhen operating on a point-to-point basis 
(Figure 1) all message exchanges are 
between only two stations. If the point­
to-point configuration is a permanent 
installation (e.g. leased line or private 
line), mess<;tge exchanges are always 

I N'l' ROD UC'l'I ON 

between the same two stations. However, 
if the facilities are the switched type, 
any station on the network can transmit 
to or receive from any other station on 
the network. 

System/360 Model 20 System/360 Model 20 
UCSTR UCSTR 

or or 

UCSTR-(ompatible . UCSTR-(ompatlble 
Terminal Terminal 

1 t 
I Data Set I I Data Set I 

f Communications t 
Common-(arrier 

L 
Switching 

~ Facility 

I Data Set I I Data Set I 
1 3 

System/360 Model 20 
UCSTR 

System/360 Model 20 or UCSTR 
UCSTR-(ompatible 
Terminal 

Figure 1. Point-to-Point Configuration 

Multipoint Configurations 

\~hen operating on a multipoint "basis 
(Figure 2) I all message exchanges are 
between a master station and one or more 
remot.e stations. Control of message 
exchar,ges is performed by the master 
stati .. :m. All message exchanges are 
ini t:.ated by a remote station selection 
operation (polling) that is performed 
by ~he master station. 
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Figure 2. Multipoint Configuration 

MODES OF OPERATION 

This section provides a brief description 
of UCSTR modes of operation. For a more 
complete description of each mode, refer 
to UCSTR Feature. 

Basic Mode 

The basic mode of operation is the full 
binary minus three mode of operation. 
This term means that the 256 possible 
characters (eight-bit level) can be 
transmitted or received as data, with the 
exception of three bit combinations 
(characters) that are defined as control 
characters by the user's program. The 
three control characters are: end-of­
block (ETB), end-of-transmission (EaT) 
and synchronization (sync) • The bit 
combination used for each character is 
selected by the user. See UCSTR Control 
Field. 

The seven-bit level code (special 
feature) can, in the basic mode, transmit 
or receive, as data, the 128 possible 
bit combinations (characters) minus the 
three control characters defined by the 
user's program. 

The six-bit level code (special 
feature) can, in the basic mode, transmit 
or receive, as data, the 64 possible bit 
combinations (characters) minus the three 
control characters defined by the user's 
program. 

2 System/360 Model 20 UCSTR (RPQ) 

Full Transparent Hode 

The full transparent mode provides the 
capability of transmitting or receiving 
all 256 bit combinations (128 combinations 
in seven-bit level and 64 combinations 
in six-bit level) • 

Response Node 

The UCSTR has the capability of 
automatically setting to receive mode 
(after a transmit XIO instruction is 
completed) to receive a response from 
the terminal that received the message 
block. The automatic response operation 
can be in conjunction with either the 
basic mode or transparent mode. For a 
complete description of response mode, 
refer to UCSTR Feature. 

TRANSivlISSION CODES 

Nessages are transmitted and received 
in any eight-bit transmission code. 
However, an additional feature is available 
that allows the UCSTR to transmit and 
receive in any six-bit code or any seven­
bit code. 

TRANSHISSION ERROR CHECKING 

The cyclic redundancy check (eRC) is the 
basic transmission error checking method 
of the UCSTR. The cyclic redundancy 
check is accomplished by an arithmetic 
accumulation of the message characters 
at both the transmitting and receiving 
stations. The transmitting UCSTR 
automatically sends the accumulated check 
character (CRC character) immediately 
following the message ending character 
(ETB or EOT). The receiving station 
automatically subtracts the transmitting 
station's check character from its own 
accumulated check character. If the 
result is zero, the message was correct. 
If the result is not zero, the CRC error 
indicator in the receiving UCSTR is set 
on. 

CRC checking is used for eight-bit 
level, seven-bit level, or six-bit level 
operations. 

With the addition of a special feature, 
the UCSTR can perform longitudinal 
redundancy checking (LRC) or vertical 
redundancy checking (VRC). See UCSTR 
Special Features. 

TRANSMISSION SPEEDS 

Transmission speeds from 600 to 50,000 
bits per second (baud) are available. 
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The basic UCSTR operates at speeds of 
600 to 4,000 baud with timing control 
provided by the UCSTR (internal clocking). 
The basic UCSTR can operate at any speed 
(600 to 4,800 baud) with the timing 
control provided by the appropriate data 
set (external clocking). 

With the addition of a special feature, 
the UCSTR can operate at speeds up to 
50,000 baud, with the timing control 
provided by the appropriate data t et t 
(externa.l ClOCking.). ~''''01_.) .l ., .. ' .,./ 9-'< , ·.vi 
. ,(.~lV J!,.,J ,J ·':;t-i:' ".I"... '" .tf'.~.1 (,. 7 ;J.t! (1 _{: .:' , ( 

COMMUNICA~IONS WITH IBM EQUIPMENT 

The UCSTR can communicate with another 
System/360 Model 20 with the UCSTR 
feature, or the UCSTR can communicate 
with another model of System/360 via the 
IBM 2701 Data Adapter Unit with the 
inter-processor communications adapter 
feature (RPQ M24802). 

COMMUNICATIONS WITH NON-IBM EQUIPMENT 

Flexibility of the UCSTR allows it to 
communicate in a variety of line formats. 

The UCSTR communicates in an eight­
bit level line code, but with the 
appropriate special feature, it 
communicates in eight-bit level, seven­
bit level, or six-bit level line codes. 

Checking is accomplished by a cyclic 
redundancy check (CRC), but the addition 
of the appropriate special feature, 
provides longitudinal redundancy checking 
(LRC) and/or vertical redundancy checking 
(VRC). In order for a non-IBM device 
to communicate with the UCSTR, it must 
meet the following criteria: 

1. It must be capable of sending at least 
two synchronization (sync) characters 
preceding each data message or control 
sequence. The sync character can be 
any eight-, seven-, or six-bit 
combination. 

2. It must be capable of synchronizing 
its timing circuitry with the UCSTR 
by receiving from two to seven sync 
characters. 

3. It must end all control sequences and 
message blocks with an ending character. 

No more than two unique end-of-block 
or end-of-message characters can be 
used. The UCSTR can recognize only 
two ending characters. The ending 
character can be any eight-, seven­
or six- bit combination. 

4. It must send the CRC (or LRC) character 
immediately following the ending 
character. 

5. It must place the low-order bit of 
each character on the transmission 
line first • 

6. If the system uses CRC checking, the 
message polynomial must agree with 
the UCSTR message polynomial: 

Eight-Bit 

Seven-Bit 

Six-Bit 

X16 +X15 +x2 + 1 

X 14 + X 13 + X5 + X3 + x2 + 1 

X12 +XI1 +X3 +x2 +X + 1 

7. The UCSTR uses a "mark" (down-level) 
to and from the data set as a logical 
one (up-level) in the UCSTR, and the 
UCSTR uses a "space" (up-level) as a 
logical zero (down-level) in the . 
UCSTR. A non-IBM terminal must be 
compatible with this operation. 

8. The terminals must use the same 
clocking. If the non-IBM terminal 
uses data set clocking, the UCSTR must 
also use data set clocking. 

9. If the data set provides the clocking, 
the UCSTR uses the positive going 
clock transition as a negative 
transition in UCSTR logic. The non­
IBM terminal must be compatible with 
this operation. 

10.The UCSTR does not operate in full 
transparency when the LRC check feature 
is used. 

11. The UCSTR full transparent feature 
is not the same as the full transparent 
operation defined by the American 
Standard Association (~BA). As an 
example, the UCSTR uses a OLE-sync 
as an idle character rather than a 
sync sync. 

Introduction 3 



IBH SYSTEH/360 MODEL 20 UNITS 

The UCSTR feature can be installed on 
an IBM 2020 Central Processing Unit that 
has the prerequisite feature: 
communications adapter special feature. 
The communications adapter special feature 
is altered by the UCSTR feature so that 
normal System/360 Model 20 synchronous 
transmit-receive (STR) operations are 
no longer possible. 

All other units and features of the 
IBM System/360 Hodel 20 are available 
for a system that contains the UCSTR 
feature. Figure 3 illustrates the variety 
of card reading, card punching, magnetic 
tape, disk storage, and printing units 
that can be attached to the IBH 2020 
Central Processing Unit. For a more 
complete illustration of IK1 System/360 
Model 20 units and features, refer to 
the Systems Reference Library publication 
IBH System/360 !,lodel 20 Configurator 
Form A26-3S72. 

2415 Magnetic 2560 Multi-
2520 Card 

Tape Unit and Function Card 
Read/Punch 

Control Machine 

~ 
III 

Core Storage 
IBM 2020 4096 Bytes or 
Central 8192 Bytes or 
Processing 12288 Bytes or 

16384 Bytes Unit 

I I 

2311 Disk 
1442 

2203 Card Punch Storage 
Model 5 Printer 

Figure 3. IBM System/360 Model 20 units 
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lBi-1 2020 CENTRAL PHOCESSING urn'!' 

The IBM 2020 Central Processing Unit 
(CPU) operation is unchanged by the 
addition of the UCSTR feature. The UCSTE 
feature uses the same interrupt priority 
level as the standard communications 
adapter. Input/output instructions used 
by the UCSTR are described in the section 
for UCSTR Feature. 

GENERAL INFORHi\TION 

l1ain Storage 

Main storage consists of 4,096, 8,192, 
12,288, and 16,384 positions of magnetic 
core storage. Each position has an 
address and contains an eight-bit unit 
of information referred to as a byte. 

2520 Card 1419 Magnetic 

Punch 
Character 
Reader 

UCSTR 
(Requires the 
System/360 Model 
20 Communications 
Adapter) 

1403 2501 
Printer Card Reader 

,( ,. 
··l"," 

. 
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Coded combinations of bits within a byte 
can represent alphabetic, numeric, binary, 
or logical data. 

Ixlxlxlxlxlxlxlxl 
o 7 
~--------­byte =8 bits 

I 29180 I 

~1ain storage is used to hold all the 
data that is to be operated upon, or 
processed, at a given time. It also 
holds the instructions, or program, which 
control the operation of the system. 
For each individual job performed by the 
system, certain portions of main storage 
are assigned to store instructions, and 
certain portions to store data to be 
processed. 

General Regist~rs 

Eight general purpose registers, small 
auxiliary storage units, are provided 
for temporary storage of small amounts 
of data. Each register is the equivalent 
of two bytes (one hal and is loaded 
or unloaded under the control of the 
stored program. Information may flow 
from register to register, from main 
storage· to register, or from register 
to main storage. 

'1'he registers are numbered 8-15 and 
are selected by four-bit H- or B-
field of an 

Pari ty Checkin...<l 

To ensure the accurate transfer of data, 
an extra (parity) bit is generated for 
each four bits transferred to or from 
main storage or register storage. The 

ty bit is added during transfer, if 
is needed, to maintain an odd number 

of bits. The bit count is monitored 
continuously, and any missing or extra 
bits whieh result in an even number of 
bi ts cause a CPU par i ty error • 

Data Formats 

The basic unit of addressable data is 
an eight-bitbyte. Each address contains 
eight bits of data andean be considered 
a byte boundary. 

The byt.e is divided into two sections 
of four bits each. A check (parity) bit 
is provided for each four bits. 

Halfword Binary Number 

I Sign Number 

o 15 

U2iill 

A halfword binary number has a fixed 
length of two bytes (16 bits). The 
leftmost bit is reserved for sign (+ or 
-) control. 

Decimal Number 

A decimal number may be in either of two 
forms: packed decimal or zoned decimal. 

Packed Decimal: This format allows two 
numer~c a~glts to be stored within one 
eigh t-bit by~e. 

byte byte byte 

[diSit I digit I digit I digdl digit I sid 

~ 

An eigh t-bi t byte may contain two 
nuneric digits, except in the case of 
the righ tmos tbyte,~ which has a sign to 
the right. Variilble field 1ewrth in 
this format alloHs for fields up to 16 
bytes in lensth. 

Zoned Decimal: This-format contains one 
d"igi t ~n the rightmost four posi bons 
of each byte. 

[ zone ~ dig it zone digit sign digit 

byte byte byte 

Model 20 Units 5 



The left four bits of each byte in this 
format are called zone bits, and are not 
used except for the low-order (rightmost) 
byte, which uses them for the sign. 
Zone bits do not affect the value of the 
numeric digit contained in the right 
four bits of the byte. 

Logical Data 

Logical data may be contained in the 
instruction or it may reside in core 
storage as an operand (An operand is 
data contained in or addressed by the 
instruction and used to execute the 
instruction.) Logical data may have a 
fixed length of one byte or may be 
variable in length up to a maximum of 
256 bytes. 

Fixed-Length Logical Data 

I logical Data 

o 7 

1 291841 

Variable-Length Logical Data 

'--_D_at_a_ ........ _D_a_ta_---'r = = = I Data 
o 78 1516 

Instruction Format 

The instruction format specifies the 
length of the instruction and the type 
of operation to be performed. The length 
of the instruction can be one, two, or 
three halfwords. The types of instruction 
formats are RR, RX, SI, and SSe 

RR Format: Denotes a register-to-register 
operat~on. 

RX Format: Denotes a register-to-storage 
or a storage-to-register operation. In 
this format, bits 12 through 15 must be 
zero. 

SI Format: Denotes a storage-immediate 
operat~on. In this format the 12 field 
of the instruction is the second operand. 

6 System/360 Model 20 UCSTR (RPQ) 

SS Format: Denotes a storage-to-storage 
operat~on. 

Fint Halfword 
Byte 1 1 Byte 2 

I 
Register Register 

Second Halfward 

Operand 1 Operand 2 

I L..---! 
RR Format ppCade I Rl I R2 I 

o 

I 
I 

78 1112 

I 
Register 
Operand 1 

15 

1 
I Address 

Operand 2 

RXFormat ppCade 1 Rl 10000 1 R2 02 
o 78 1112 1516 1920 31 

II mmediate 1 Address 1 
1 Operand 1 Operand 1 I --------------

Third Halfward 

I 
I 
I 
I 
I 
I 
I 
I 
I 

SI Format PPCade I 12 IBI I 01 I 
o 78 1516 1920 31 I 
I I Length I Address I Address 

I Operand 1 Operand 2 Operand 1 I Operand 2 I 
-"---'-.~~ 

SS Format ~PCade I Ll I L2 I Bl I 01 I B2 I 02 I 
o 78 1112 1516 1920 31 47 

129186 I 

In each format, the first instruction 
halfword consists of two parts. The 
first byte contains the operation code 
(op code). The length and format of an 
instruction are specified by the first 
two bits of the operation code. The 
second byte may be used .to contain data, 
specify operand lengths, or specify 
registers to be used by the operation. 

The field names refer to the manner 
in which the operands participate. The 
operand to which a field in an instruction 
format applies is generally denoted by 
the number following the code name of 
the field, for example, Rl, Bl, L2, D2. 
Normally, the operation of the CPU is 
controlled by instructions taken in 
sequence. An instruction is fetched 
from a location specified by the current 
instruction address. The current 
instruction address itself is located 
in the program status word (PSW). After 
the fetch operation, the current 
instruction address is increased by the 
number of bytes in the fetched instruction 
to enable addressing of the next 
instruction in sequence. 

The instruction is then executed by 
adding, subtracting, multiplying etc., 
both operands with each other. The 
result that is thus obtained usually 

.. -
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" 
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replaces operand 1. Upon the execution 
of certain instructions, a condition 
code, which reflects the nature of the 
result, is set into the PSI'i'. 

Subsequently, the updated address in 
the PSI'" is used to read out the next 
instruction from the main storage, and 
the processing continues. 

Information Positioning 

Byte locations in storage are consecutively 
numbered from 0, each number being 
considered the address of the corresponding 
byte. Bytes may be handled singly or 
strung together in fields. A group of 
t\vO consecutive bytes is called a 
"halfword". The location of any field 
or group of bytes is specified by the 
address of the leftmost byte. 

Information positioned in storage may 
be in fixed-length format or variable­
length format. The length of fields is 
either implied by the operation to be 
performed or stated explicitly as part 
of the instruction. When the length is 
implied, the information is said to have 
a fixed length, which can be one, two, 
or four bytes. 

Figure 4. Integral Boundaries 

Fixed-length fields must be located 
in main storage on an integral (halfword) 
boundary (Figure 4) for that unit of 
information. A boundary is called 
integral for a unit of information when 
its storage address is a multiple of the 
length of the unit in bytes. For example, 
a halfword (two bytes) must have an 
address that is a multiple of the number 2. 

In the 2020, all instructions and all 
data of fixed word length (operands 
addressed by RX-format instructions) 
must begin on a halfword boundary. An 
instruction (or data with fixed word 
length) is properly located at a halfword 
boundary when its address is even or, 
in other words, when the low order bit 
of the address is zero. An improperly 
placed instruction causes an error stop. 
When the length of a field is not inplied 
by the operation code, but is stated 
explicitly, the information is said to 
have a variable-length field. 

Within any instruction format or any 
fixed-length operand format, the bits 
are consecutively nUlnbered from left to 
right, starting wiUI bit number O. 

Variable-length fields are not 
restricted to half-word boundaries an~ 
may contain up to 256 bytes. Length.Ls 
variable in increments of one byte. 

Model 20 Units 7 



UCSTR Information Positioning 

The UCSTR can transmit a record of 4,095 
bytes, and it can receive a record 1,023 
bytes. Protection boundaries are provided 
by the UCSTR to protect data and programs 
if, for any reason, a message ending 
character is not recognized by the UCSTR. 
The storage address protection boundaries 
are located at core storage location 
1023, 2047, 3071, 4095, 5119, etc. A 
receive field must be contained between 
two boundary locations (e.g. core storage 
location 1024 through core storage 
location 2047). The receive field cannot 
be located so that it ends at the highest 
core storage location installed (4,095, 
8,191,12,287, or 16,383). 

If the receive field is improperly 
located, the record check indicator is 
turned on, the receive error TIOB indicator 
is set on, and the audible alarm sounds 
when the receive field overruns a 
protection boundary. 

ADDRESSING 

Byte locations in storage are expressed 
in binary form and consecutively numbered 
from 0000 to the upper limit of available 
storage. The first 144 bytes (bytes 
0000-0143) are reserved for internal CPU 
control and are not available to the 
program. The location of any field or 
group of bytes is specified by the address 
of the left most byte. 

An address used to refer to main 
storage may be specified by either of 
two methods: direct addressing or effective 
address generation. 

Direct Addressing: Direct addressing is 
used when the h~gh-order bit in the B­
field of an instruction is zero. 

D-field 
12 bits 

./".. 

xxxxxxxxxxxx 

-------------~-----------I ... -------t ... Direct Address 
(up to 16383) 

'--~------------.O Indicates Direct 
Addressing 

I 29188\ 

When the direct addressing method is 
employed, the low-order 14 bits of the 
combined B- and D-fields are used to 
refer directly to byte locations in main 
storage. The twelve binary bits in the 
D-field allow an address specification 
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of up to 4,095. To address additional 
(optional) storage, the adjacent two 
bits in the low-order position of the 
B-field are used, allowing address 
specification of up to 16,383. 

Effective Addressing: Effective addressing 
~s used when the h~gh-order bit in the 
B-field of an instruction is one. 

B-field 
4 bits 

D-field 
12 bits 

xxxxxxxxxxxx 

~I ------......--L-I --... 
- : Displacement 

'------------------. Base Register 
Address 

,--------------.,..1 Indicates Effective 
Addressing 

I 29189\ 

In the effective-address generation 
method, the contents of the general 
register specified by the B-field of an 
instruction, are added to the contents 
of the D-field of the instruction to 
form the effective address. The content 
of the general register specified by the 
B-field is referred to as the "base 
address." The content of the D-field 
is referred to as the "displacement." 
(This type of address modification is 
commonly referred to as indexing.) 
Effective addressing may be either in a 
positive or a negative direction, depending 
on the sign of the base address. Caution 
should be exercised because a resultant 
effective address that is negatIve or 
that refers to the first 144 bytes of 
main storage results in an error condition. 

Any of the eight general registers, 
8 through 15, may be specified in the 
B-field as the location of the base 
address for effective-address generation. 

If there are Os in either the general 
register specified, o·r in the displacement 
field of the instruction when effective­
address generation is specified, the 
effective address generated is the same 
as direct addressing with the nonzero 
component. 

Effective addressing is useful for 
program routines which require address 
modification. 

OPERANDS 

For addressing purposes, ol~rands can 
be grouped in three classes: explicitly 
addressed operands in main storage, 

O· . . 
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immediate operands placed in main storage 
as part of the instruction stream, and 
operands located in the general registers. 

Explicitly Addressed Operands 

An explicitly addressed operand is 
selected from a main-storage location 
not related to the location of the 
instruction referring to it. It is 
always specified by means of a storage 
address. When the operand contains more 
than one byte, the address gives the 
location of the first byte of the field, 
subsequent bytes being located in higher 
addresses. Both the first and second 
operands of an instruction can be 
explicitly addressed. 

Explicitly addressed operands can be 
of fixed length or variable length. The 
length of variable-field-length operands 
is specified in the L-field of the 
instruction. The L-field, either four 
or eight bits long, specifies the length 
in terms of the number of bytes to the 
right of the addressed byte, and thus 
can specify a maximum field length of 
256 bytes. . 

Immediate Operands 

An immediate operand consists of one 
eight-bit. byte of data which is located 
in the instruction itself. Only the 
instructions in the SI format contain 
immediate data. The immediate data is 
always the second operand; the first 
operand is located in the main-storage 
location specified by the Bl-Dl field. 

Operands in Registers 

Information referred to by an instruction 
may be located in one of eight general 
registers. The registers are identified 
by numbers 8-15 and are selected by the 
four-bit R-or B-field of an instruction. 
The registers are not designated by main­
storage addresses. An operand located 
in a register has a fixed length of one 
halfword, or 16 bits. 

TIME-SHARING 

The 2020 has the ability to operate in 
a mode referred to as "time-sharing." 
Time-sharing is a means of overlapping 
input/output operations with each other 
and with processing. Time-sharing is 
based on a system of monitoring the 
operation of input/output devices and 
sequencing the transfer of data to or 
from the I/O devices so as to make the 
most efficient use of processing time. 

processing operations in the CPU are 
time shared with the transfer of data 
between main storage and the I/O devices. 
When an I/O device requests service, 
processing is suspended only for the 
time required to send or to accept the 
input/output data. 

Time-sharing allows the CPU to perform 
useful processing functions while card 
or forms movement is taking place. A 
system of signaling that the I/O device 
is finished with the data transfer to 
or from the CPU is referred to as an 
"interruption" system. 

UCSTR Time-Sharing 

Hhen operating at speeds below 4800 bits 
per second, the UCSTR time-shares its 
operation with all System/360 Hodel 20 
input/output devices. ~vhe..?_.££~.~C!ting. 
at s12~ed'?~.9-.!:?o.ye. 4.8q~j .. ts per second the 
UCSTR tirllQ. ..... hares .Q.nJi~_wit.h tile ,,2020 
Central Processl.ng unX and the 1403 
Dli~~er~rinter. ~ 

~.,.,...-'" "'~, .. ~~...."' " 
\,. \ ,~ 

Program Status Word 

The program status word (PSI"') contains 
the information necessary for proper 
program execution. It is located in an 
internal register in the CPU and is not 
directly addressable. The programmer 
can change the PSI'" by means of a set PSH 
instruction. The PSW has a fixed-length 
format of two halfwords. 

CC! ~I D.A. F.S. 

o 1 2 3 4 5 6 7 8 1112 15 16 

0-1 Not used 
2 -3 Condition Code 
4 -5 Not used 
6 * ASCII Mode Bit 
7 Channel Mask 
8 - II Device Address 

12 - 15 Function Specification 
16 - 31 Instruction Address 

* American Standard Code for 
Information Interchange 

Instruction Address 

31 

The PSW is used to control instruction 
sequencing and to hold and indicate the 
status of the system in relation to the 
program being executed. The active or 
controlling PSH is called the "current 
PSW ... 

By storing the current PSI'" during an 
interrupt, the status of the CPU can be 
preserved for subsequent inspection. 
By loading a new PS'iJ or part of a PSW, 
the state of the CPU can be initiali4ed 
or changed. 

Model 20 Units 9 



When the current PSN is stored during 
an input/output interruption, the status 
of the CPU and the next sequential address 
are oreserved for use after the 
inte~ruption is serviced. An instruction 
to load a ne\-, pm'J is equivalent to an 
unconditional branch t~ the instruction 
address contained in the new PSI'I. 

Operation of the program load key or 
system reset kev causes the condition 
c~s7-"3'f':" the AS ClI mode bi t (bi t 
6), and the channel mask bit (bit 7) of 
the current PS:'l to be reset to O. 

IN'l'ERRUP'l'ION 

In the 2020, an automatic interrupt 
system is provided to make optimum use 
of the I/O devices and available processing 
time. The I/O devices signal the CPU 
to store an end condition when a data 
transfer has been terminated. Upon 
completion of the execution of each 
instruction, during the time that the 
CPU is in an interruptible mode, the CPU 
checks the various end conditions according 
to a built-in priority sequence. The 
first end condition thus found causes 
the actual interrupt. The interrupt is 
an automatic branch from the main program 
to a subroutine. This subroutine may 
be designed to test the received data 
for validity or to perform some other 
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action. Since the interrupt occurs at 
the earliest moment possible after a 
data transfer has been completed, it is 
the primary means of controlling I/O 
operations. 

The branch to the subroutine is 
accomplished by replacing the current 
PSW with a new PS~v which contains the 
start address of the subroutine in its 
instruction address portion. The former 
current PSW is stored into a particular 
core-storage location and thus becomes 
the old pmv. During the transfer, the 
old PSW is furnished with the device 
address and the function specification 
of the I/O unit that caused the interrupt. 
If the last instruction in the subroutine 
is a branch with the address of the old 
PSW specified as the branch address, the 
normal course of the main program is 
resumed because the next sequential 
instruction of the main program is 
specified in the old PSIV. The entire 
exchange of the program status words 
(PSWs) is fully automatic~ however, the 
channel mask bit in the PS~v, which 
determines whether the CPU is interruptible 
or not, may be set or reset under program 
control. The CPU is interruptible when 
the channel mask bit is set to l~ it is 
not interruptible if the channel mask 
bit is O. The channel mask bit is 0 
when the CPU is in a reset state. 

{ '" \", -.) ..• ,,!' 
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GENERAL INFOR!1ATION 

The universal code synchronous transmit­
receive (UCSTR) feature is a flexible 
system of communications that allows the 
user to define the control characters, 
determine the message format and establish 
the line-control procedure best suited 
for a specific application. 

The IBH System/360 Hodel 20 
communications adapter is a prerequisite 
feature for the UCSTR feature. However, 
the communications adapter is altered 
to accomodate the UCSTR so that normal 
System/360 Hodel 20 synchronous transmitter 
receiver (STR) operations are not possible. 

UCSTR operation can be with two-wire 
or four-wire half duplex communications 
facilities. Half duplex means that 
transmission can be in only one direction 
at a time. Two-wire facilities require 
approximately 250 milliseconds (ms) to 
condition the facility for transmission 
in one direction. This conditioning of 
the facility is commonly referred to as 
turn around delay. Each time the direction 
of transmission is changed a turn around 
delay occurs. Depending on the specific 
application, the turn around delay time 
can be used for System/360 Model 20 
internal processing or input/output 
operations. 

If the application requires less turn 
around delay, a four-wire facility can 
reduce turn around delay to 3.3 ms to 
26.0 ms depending on the line speed 
selected. At higher speeds on four-wire 
facilities, turn around delay can 
practically be disregarded in connection 
with long records. 

Transmission speeds can be from 600 
bits per second to 50,000 bits per second. 
(See Speed Select.) 

Transmission codes can be eight-bit 
level on the basic UCSTR, or with the 
addition of a speciar-1eature, they can 
be eight-bit level, seven-bit level, or 
six-bit level (See UCSTR Special Features.) 

Control Characters 

The basic mode of UCSTR operation uses 
three control characters. The three 
control characters can be any three bit 
combinations selected by the user. The 
three control characters are stored in 
the UCSTR control field, and they can 
be changed to another bit combination 
under program control. The three control 
characters are as follows. 

UCSTR FEATURE 

Sync: The UCSTR (or any synchronous 
communications device) must have a method 
of obtaining synchronization of the 
timing circuitry in the receiving station 
and the transmitting station. For this 
purpose, one character (bit combination) 
must be defined as a synchronization 
(sync) character. The sync character 
is stored in the control field by the 
program. (See Control Field.) 

ETB: The end-of-block (ETD) character 
rs-one of two ending characters used by 
the UCSTR. This character is used to 
define the end of a message block. 'i'lhen 
the transmitting station sends the ETB 
character, it ends the transmission after 
sending the CRC character. When the 
receiving station receives the ETB, it 
ends the receiving operation after it 
subtracts the incoming CRC characters. 
The ETB character ends a message transfer 
but does not define the end of 
transmission. 

EOT: The end-of-transmission (EOT) 
character is one of two ending characters· 
used by the UCSTR. The UCSTR functions 
the same as when sending an ETB character 
except that the receiving station sets 
the receive EOT test-and-branch indicator. 
The receive EOT test-and-branch indicator 
is tested by the program to determine 
when the last record has been received. 

Transparent Control Characters 

When the UCSTR is operating in the 
transparent mode, one additional control 
character is used. The data link escape 
(DLE) character has a bit configuration 
of 00010000, and it cannot be changed 
by the p~ogram. The ending characters 
in transp~rent mode are two characters 
that form ~ 16-bit ending character. 
The end-of~block character is DLE-ETB, 
and the en~-of-transmission character 
is DLE-EOT.\ The use of the DLE character 
is described in the section for Transparent 
Mode. 

Control Field 

The UCSTR control field is any five 
consecutive bytes of storage used as a 
link between the System/360 Model 20 
program and the UCSTR feature. The 
control field is defined by the user, 
and can be altered by the program according 
to the requirements of the application. 

UCSTR Feature 11 



The program transfers the control field 
or the control byte (see Control Byte) 
to the UCSTR feature when a set-to­
transmit or set-to-receive instruction 
is executed. 

The program addresses the control 
field by addressing the high-order byte. 

Control Byte 

The control byte is used to control UCSTR 
mode of operation and to indicate the 
number of sync characters that will be 
emitted by the transmitting unit. The 
following illustration shows the purpose 
of each bit in the control byte. 

o 

Sync Count 1 

Sync Count 2 

'-----Sync Count 4 

"-----Transfer Control 

"------Not Used. 

"---------Transparent Operation 

"---------Response 

Response Bit: The response bit (bit 0) 
places the UCSTR in response mode. 
Response mode allows the UCSTR to 
automatically set to receive after a 
message block has been transmitted. 
Thus, a single XIO transmit record 
instruction initiates the transmission 
of a message block and the receiving of 
a response. See Program Instructions. 

Transparent Operation: The transparent 
operat10n hit (bit l) places the UCSTR 
in the transparent mode of operation. 
See 'fransparent Hode. 

Transfer Control: The transfer control 
bit (b1t 45 provides the program the 
means to transfer the control byte or 

12 System/360 Model 20 UCSTR (RPQ) 

the entire control field (five bytes) 
to the UCSTR feature. If the transfer 
control bit is a one the entire five­
byte control field is transferred when 
a set-to-transmit or set-to-receive 
instruction is executed. If the transfer 
control bit is a 0, only the control 
byte is transferred when a set-to-transmit 
or set-to-receive instruction is executed. 
Thus, for the first set-to-transmit or 
set-to-receive instruction, the transfer 
control bit must be set to 1 so that the 
complete control field is transferred. 
The complete control field must be 
transferred when the system has been 
"powered up" or if the system reset key 
has been pressed. For subsequent set­
to-transmit or set-to-receive instructions, 
the transfer control bit can be set to 
O. If a control character is to be 
redefined (different bit configuration) 
by the program, the entire control field 
must be transferred to the UCSTR feature. 

Sync count: These three bits (bits 5-7) 
1nd1cate the number of sync characters 
(2-7) that the UCSTR will automatically 
send preceding each message block. 

ETB Byte 

This byte contains the bit configuration 
defined by the user as the ETB character. 
The ETB byte defined for the transmitting 
and receiving stations must be the same 
bit configuration. 

EOT Byte 

This byte contains the bit configuration 
defined by the user as the EOT character. 
The EOT character defined for the 
transmitting and receiving stations must 
be the same bit configuration. 

Sync Byte 

This byte contains the bit configuration 
defined by the user as the sync character. 
The sync. character defined for the 
transmitting and receiving stations must 
be the same bit configuration. 

The sync character selected must have 
four transitions from space to mark or 
mark to space. If the O-bit position 
contains a bit, the 7-bit position must 
contain a no-bit. The sync character 
should not be a repeating pattern of 

... 



( 

( 

bits (e.g., 0,2,4,6, or 2,3,6,7.) The 
following shows an example of a valid 
and an invalid sync character. 

Valid Sync Characters r- 1 Character Time 

I n,---

Invalid Sync Characters 

JL. __ 

J 

LRC Subtract Field 

The LRC subtract field (byte) is used 
in conjunction with the LRC special 
feature. Hhen the UCS'fR communicates 
with a non-IBM communications device 
that uses LRC checking, the UCSTR 
accumulates an LRC character from all 
characters placed on the transmission 
line except the beginning and ending 
sync characters. If the non-IBM devices 
excludes certain control characters from 
its LRC accumulation, the sum of the 
characters not accumulated is entered 
into the LRC subtract field (byte). The 
LRC subtract field is subtracted from 
the accumulated LRC in the UCSTR prior 
to transmitting (or receiving) the LRC 
character. 

Synchronization 

Before a message exchange can occur, the 
transmitting station and the receiving 
station must have their timing circuits 
synchronized with each other. '1'he receiving 
UCSTR can synchronize its timing circuits 
with the timing circuits of the 

transmitting station by receiving two 
consecutive sync characters. The 
transmitting UCSTR automatically sends 
the number of sync characters specified 
in the control byte (two to seven) 
preceding each transmission. 

Record Length 

Normal System/360 Model 20 byte counting 
for byte length termination is not used 
by the UCSTR. The UCSTR depends on the 
ending character (ETB or EOT) to end the 
block transfer. In the transparent mode 
the ending character is a DLE-ETB or 
DLE-EOT. If the DLE-ETB or DLE-EOT is 
to be sent as data in the transparent 
mode, a byte count can be used to control 
the record length. If a byte count is 
used to control record length, the 
automatic response operation cannot be 
used. (See Program Instructions.) If 
the byte count is not used, any DLE-ETB 
or DLE-EOT in the message area of core 
storage will end the transfer. This 
happens only in response mode. 

Maximum record length for a transmit 
operation is 4,095 bytes, and maximum 
record length for a receive operation 
is 1,023 bytes. 

Error Checking 

Transmission error detection in the UCSTR 
is performed by cyclic redundancy checking 
(CRe). This check is performed 
automatically during normal UCSTR 
operation. Both the transmitting and 
receiving stations develop a CRC character 
which is an arithmetic accumulation of 
each character placed on the line excluding 
the beginning sync characters and the 
ending sync character (pad). 1'he 
transmitting station sends the CRe 
character immediately after it sends the 
ending character or sequence. The 
receiving station subtracts the CRC 
character from the eRC character 
accumulated in the receiving station. 
If the longitudinal redundancy check 
(LRC) feature is installed, the UeSTI< 
can perform either a eRe or an LRC check 
under control of a switch provided by 
the LRC feature (See UCSTR Special 
Features. ) 

LHC or VRC checking is not recluired 
or possible when the CRe checking is 
used or "hen transparent f.,ode is used. 

A CRC or LRC error turns on a UCSTR 
error indicator that can be tested by a 
test I/O and branch (TIOD) instruction. 
The error indicator is turned on when 
the CRC (or LRC) check is made at the 
end of a receive operation. 
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If the vertical redundancy check (VRC) 
feature (see UCSTR Special Features) is 
installed, the error indicator can be 
turned on for a VRC error on either 
transmit or receive. A VRC error indicates 
that a character with an even number of 
bits was contained in the previous 
message. A UCSTR error condition set 
during a transmit operation indicates 
only a VRC error. A UCSTR error condition 
during a receive operation indicates 
ei ther a VRC or LRC error (or both) • 

When the UCSTR is transmitting with 
the response bit on, the UCSTR error 
indicator can be set because of an error 
under any or all of the following 
conditions: 

1. VRC error in the transmitted message. 
2. VRC error in the response message 

received. 
3. LRC error in the response message 

received. 

UCSTR Time -sharing,.,/' 1'Y4'L"ri 
At speeds of 4,80~its per pecond and 
below, the uC'!r'i'1<··ciine-shareSi its operation 
with all System/360 Model ill_input/output 
units. At speeds above 4,8~ bits per 
second, the UCSTR time -shares its operation 
only with the CPU and the 1403 buffered 
printer. 

MODES OF OPERATION 

The UCSTR has two modes of operation, 
either of which can be used in conjunction 
with the automatic response mode. 

Dasic Mode 

The basic mode of UCSTR operation is the 
full binary minus three mode. The UCSTR 
can send or receive all 256 possible 
binary combinations (characters) minus 
the three control characters (sync, ETB 
and EOT) defined by the users program. 
The following illustrates a message 
format for basic mode. If this message 
is the last message to be transmitted, 
the ETB character could be replaced by 
an EOT character. 
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Message in Transmitting 
Station Core Storage 

Message Transmitted 
by the UCSTR 

Message in Receiving 
Station Core Storage 

The preceding illustration shows a message 
block consisting of three message 
characters and an ending character. The 
UCSTR precedes the message with t\"lO (up 
to seven) sync characters. Immediately 
following the ending character, the UCSTR 
automatically sends the 16-bit CRC 
character as two eight-bit characters. 
(In seven-bit level, the CRC character 
is 14 bits, and in six-bit level, the 
CRC character is 12 bits.) The UCSTR 
sends a "pad" character after the CRC 
character. The pad character is made 
up of the defined sync bit combination. 
The pad character is used to ensure that 
the last meaningful bits in a transmission 
are properly sent by the data set. It 
is not required to be received by the 
UCSTR. 

The transmitting station can send, 
as data, the bit combination that has 
been defined as a sync character, but 
the receiving station does not enter the 
sync character in core storage. If sync 
characters must be sent as data, 
transparent mode should be used. 

The capability of the UCSTR to receive 
but not store the sync character allows 
the UCSTR to communicate with equipment 
that sends a sync character (as an idle 
character) when, for any reason, it 
cannot send the next data character. 
The following illustration shows a three­
character data message (with a sync 
character inserted) as placed on the 
transmission line, and it shows the 
portion of the message that is stored 
in System/360 Hodel 20 core storage by 
the UCSTR. 

{~, 
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Message In Transmitting 
Station Core Storage 

Message Transmitted 

Message in Receiving 
Station Core Storage 

The receiving station response to a 
message depends upon the user's program. 
Flexibility of the UCSTR allows the 
following types of response: 

1. A response (acknowledgment) for each 
message received. 

2. A response message (mayor may not 
contain an acknowledgment) for each 
message received. 

3. After receiving several messages, 
sending one response message that 
defines any messages received in 
error. For specific response operations 
see UCSTR Operation. 

Transparent Node 

Transparent mode provides the UCSTR with 
the capability of transmitting and 
receiving, as data, all 256 possible bit 
combinations (128 combinations in seven­
bit level or 64 combinations in six-bit 
level) • 

For the control required for transparent 
operation, the UCSTR uses a data link 
escape (DLE) character. 'l'he DLE character 
has a fixed bit configuration of 00010000. 
The DLE character for seven-bit mode is 
0010000, and the DLE character for six-
bit mode is 010000. 

The DLE character is used in combination 
with the ETB or EOT to form a 16-bit 
ending sequence. Since the ending 
sequence in transparent mode is DLE-ETB 
orDLE-EOT, any of the 256 possible bit 
combinations can be transmitted 
individually, but an ETB or EOT character 
cannot be transmitted, as data, following 
a DLE character. 

In transparent mode the transmitting 
station automatically inserts an extra 
OLE character for each DLE character in 
the message. The extra DLE is used to 
control UCSTR operations in transparent 
mode, but the extra OLE is not entered 
into core storage at the receiving 
station. (See Transparent without Response 
and Transparent with Response.) 

Transparent wi thout Response V 

Transparent mode without automatic 
response J.s an important function of the 
UCSTR when used in applications that 
require transmitting programs or binary 
data that can possibly contain message 
ending characters or sequences. 

Transparent mode without automatic 
response allows the UCSTR to send all 
256 (128 or 64) bit combinations including 
all control characters and ending 
characters (sync, ETB, EOT, OLE, OLE-
ETB, and DLE-EOT). This type of operation 
is accomplished by using a byte count 
in the B2-02 fields of the XIO transmit­
record instruction (See Program 
Instructions.) With response off, the 
UCSTR transfer ending operation is 
controlled by the byte count in the XIO 
transmit-record instruction. When 
operating in this mode, the UCSTR transmits 
the number of bytes specified in the 
byte count before checking for an ending 
sequence (DLE-ETB or OLE-EOT). Thus any 
combination of bits can be transmitted, 
and characters can be in any sequence. 
The following illustration shows a message 
format for transparent mode without an 
automatic response. 

Message in Transmitting 
Station Core Storage 

Message in Receiving 
Station Core Storage 

lAID LEis YNC I BI DLEI ET 81cI DLEI ET BI 

The preceding illustration shows a nine 
byte message in the transmitting station 
core storage. The beginning sync, CRCl, 
CRC2, and ending sync characters are 
transmitted in the same manner as basic 
mode. The byte count in the B2-D2 fields 
of the XIO transmit-record instruction 
should be seven. The transmitting station 
will not test for an ending sequence 
until the byte count has been reduced 
to zero. After the byte count is reduced 
to zero, the transmitting UCSTR starts 
testing each character for an ending 
sequence (OLE-B'l'B or DLE-EOT). The 
eighth and ninth bytes contain the ending 
sequence that will end the transfer 
operation. 
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The transmitting UCSTR inserts an 
extra OLE character for each DLE character 
in the message while in transparent mode. 
The byte count reaching zero takes the 
UCSTR out of full transparent mode so 
that the extra DLE is not inserted for 
the ending sequence. The preceding 
illustration shows that a DLE-sync 
combination (normally an idle sequence 
in transparent mode) and a DLE-ETB 
combination (normally an ending sequence 
in transparent mode) have been transmitted 
as data. 

The receiving UCSTR does not require 
a byte count to control recognition of 
the ending sequence. The extra DLE 
inserted (by the transmitting station) 
for each OLE in the message controls the 
receiving station ending transfer 
operation. The receiving station stores 
the first of each pair of OLE characters. 
The second DLE of each pair is "stripped 
out" by the UCSTR. The second DLE of 
each pair also sets up a control in the 
UCSTR so that the next character (following 
the two DLE characters) is not tested 
for an idle sequence or ending sequence 
(sync, ETB or E01'). The transmitting 
station ending sequence is a single DLE 
(instead of a pair) followed by an ETB 
or EaT. The receiving station recognizes 
the single DLE followed by an ETB or EaT 
as the ending sequence. 

The UCSTR recognizes a DLE-sync 
combination as an idle sequence and does 
not place this combination into core 
storage. 

The capability of the UCSTR to recognize 
the DLE-sync combination as an idle 
sequence allovJs the UCSTR to communicate 
with equipment that sends an idle sequence 
when, for any reason, it cannot send the 
next data character. The following 
illustration shows a three-character 
data message (with an idle sequence 
inserted) as placed on the transmis~ion 
line, and it shows the portion that is 
stored in System/360 Hodel 20 core storage 
by the UCSTR. 

Message in Transmitting 
Station Core Storage 

Message T ransmltted 

Message in Receiving 
Station Core Storage 
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Transparent with Response 

Transparent mode with automatic response 
operations cannot attain full transparency. 
Any character can be transmitted in this 
mode, but the l6-bit ending sequence 
(DLE-ETB or DLE-EOT) will end the 
transmission. Thus, if these combinations 
exist within the message, the program 
must search for them and split the 
combination before transmission. The 
ending character combinations (DLE-ETB 
or DLE-EOT) can be transmitted in 
transparent mode without response. (See 
Transparent without Response.) The 
transparent with response operation is 
similar to the transparent without 
response except that the transparent 
with response operation ends with any 
DLE-ETB or DLE-EOT combination rather 
than the first DLE-ETB or DLE-EOT after 
the byte count reaches zero. 

The B2-D2 fields of the XIO transmit­
record instruction contain the starting 
core storage address where the response 
message will be stored. The following 
illustration shows a message format for 
transparent mode with the response bit 
on. 

Message in Transmitting 
Station Core Storage 

IAISYNclOLEIBIEOTIETBIOLEIETBI 

Message Transmitted 
by the UCSTR 

Message in Receiving 
Station Core Storage 

IAISYNclOLEIBIEOTIETBIOLEIETsl 

The preceding illustration shows that a 
sync, DLE, EOT, and ETB can be sent as 
individual characters, but a DLE-ETB (or 
DLE-EOT) combination ends the transfer. 
The idle sequence (DLE-sync) for 
transparent with response is the sa~e 
as the idle sequence for transparent 
without response. The UCSTR receives 
the idle sequence but does not transfer 
the characters to core storage. The 
capability of the UCSTR to receive but 
not store the idle sequence allows the 
UCSTR to operate with equipment that 
sends an idle sequence when, for any 
reason, it cannot send the next data 
character. The following illustration 

(I 
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(' shows a message (with an idle sequence 
inserted), and it shows the portion that 
is stored in System/360 Model 20 core 
storage. 

Normally, response mode allows a 
message to be received on a four-wire 
service without issuing a set-to-receive­
mode instruction and receive-record 
instruction. 

In non-response mode, there is a 
possibility of an I/O device interrupting 
before a set-to-receive-mode instruction 
and a receive-record instruction can be 
executed. To allow non-response mode 
to operate on a four-wire service 
additional sync characters can be sent 
by the transmitting station to allow the 
System/360 Hodel 20 to service an 
interrupt. 

Message in Transmitting 
Station Core Storage 

Message Transmitted 

Message in Receiving 
Station Core Storage 

Interruption 

Interruption is the general term applied 
to an automatic branch in the CPU program. 
The branch is automatic in the sense 
that it occurs when the condition exists, 
and is independent of a progralTlt-ued branch 
instruction. In the system/360 ilodel 20, 
interruption is provided only for the 
channel end input/output condition. 
Channel end condition of an input/output 
device is defined as the time (in the 
mechanical cycle of the device) at which 
the data transfer has been completed. 

In the time-shared mode of operation 
of the CPU and the input/output devices, 
the transfer of data bet\veen ti1e 
input/output devices and main storage 
in the CPU is asynchronous with respect 
to proces sing operations. 'rhus, the 
c11anrwl end condition of an input/output 
data transfer operation may occur at any 
tine in the instruction or execution 
phase of any processing operation. It 
is also possible that more than one 
input/output device reaches the channel 

end condition during a specific processing 
operation. The channel end conditions 
are stored in the form of interrupt bits. 
These bits are reset when the respective 
interrupts occur or are reset by a system 
reset or load operation. 

The CPU is in an interruptible state 
when the channel mask bit in the program 
status word (PSW) is 1, and is in a non­
interruptible state when this bit is O. 
The channel mask bit is reset to 0 by 
operation of the system reset or program 
load key. The channel mask bit may be 
altered by a set PSW instruction or by 
an interruption. 

When the CPU is in the interruptible 
state (channel mask bit is 1), a test 
is performed by the CPU at the end of 
each processing operation to determine 
whether or not a channel end condition 
exists for any input/output device. 
('1'he instruction and start phases of 
input/output operations are also considered 
as processing operations.) 

The test for a channel end condition 
is performed in an established priority 
sequence. The program continues with 
the next sequential instruction if no 
channel end conditions exist. Hhen one 
or more end conditions exist, the first 
one encountered in the priority sequence 
causes an interruption to occur. The 
channel end condition which causes the 
interruption is reset. The interruption 
is performed by storing the PSI'l in fixed 
main-storage location 144 and obtaining 
a new PSvl from another fixed main-storage 
location (148) before the progra~ 
continues. Since the new PSW contains 
the address of the next sequential 
instruction, the interrupt is equivalent 
to a branch operation. 'rhe PSI'! stored 
in main storage location 144 is referred 
to as the old PSN. 

The old pm') (stored at main storage 
location 144 when an interrupt occurs) 
contains the device address of the I/O 
device which caused the interruption 
(bits 8-11), the primary function which 
the device was performing (bits 12-15), 
the address of the next seauential 
instruction, and the condition code. 
primary functions are read, punch, or 
print; not included are details such as 
which feed was in use for a read operation 
on the I1FCH. 

The following is a list of device 
addresses and function specifications 
contained in bits 8 to 15 of the old PSW 
stored at main-storaae location 144 when 
an interruption due to the corresponding 
channel en'd condition occurs. The list 
is in the priority sequence for these 
interruptions. 
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Channel End Condition DA FS 

1419 Read 0110 0110 
2501 Read Card 0001 0010 
2520 or 2560 Read Card 0010 0010 
1403 or 2203 Print 0100 0000 
UCSTR Receive or Transmit 0101 0110 
2560 Punch Card 0010 0100 
1442 Punch Card DOll 0100 
2560 Write Card 0010 0000 
2520 Punch Card 0010 0100 
Input/Output Channel 0111 0000 

The channel mask bit in the new PS';'1 
(obtained from main-storage location 
148) may be used to disable further 
interruptions in the routine which begins 
at the next sequential instruction address 
specified in thei new PSW. As a means 
of returning to the point in the program 
at which the interruption occurred, a 
set PSW instruction, in which the specified 
address is 144, may be used as the last 
instruction in the routine. 

UCSTR Interrupt Conditions 

The following functions cause a UCSTR 
interrupt condition: 

1. An end condition when an XIO transmit­
record instruction has been executed 
with the response bit off. 

2. An end condition \17hen an XIO receive­
record instruction has been executed. 

3. An end condi tion ... ,hen a response­
message ending character or sequence 
is received as a result of an XIO 
transmit-record instruction being 
executed with the response bit on. 
(The interrupt condition is not set 
after the transmit operation if the 
response bit is on.) 

4. A response time-out has occurred. 
The response time-out interrupt occurs 
when a receive-record instruction has 
been executed but no data is received 
within three seconds, or a transmit­
record instruction has been executed 
(with the response bit on) but no 
response is received within three 
seconds. 
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PROGRAN INSTRUCTIONS 

'Transfers of information to main storage 
from the UCSTR and fron main storage to 
the UCSTR are referred to as input/output 
operations. There are three types of 
instructions for input/output operations: 
transfer, control, and test I/O and 
branch instructions. 

A transfer instruction (XIO) controls 
the transfer of data between main storage 
and the UCSTR. 

A control instruction (CIO) directs 
the UCSTR to perform a specified function; 
e.g., set-to-transmit, or set-to-receive. 

A test I/O and branch instruction 
(TIOB) causes an inquiry to the UCSTR 
for a particular condition (e.g., busy, 
response time-out, etc); if the tested 
indic.ator is on, the program branches 
to the specified address. 

If the time-sharing switch is on, 
processing operations in the CPU are 
time-shared with the transfer of data 
-between main storage and the input/output 
devices. When an input/output device 
requests service, processing is suspended 
only for the time required to send or 
accept the input/output data. See UCSTR 
time-sharing. 

Data Format 

Input/output data is located in eight­
bit bytes in main storage in variable~ 
length fields. Data for the seven-bit 
level operation is positioned in the 
low-order seven bits (1-7) of each core 
storage byte. Daca for the six-bit level 
operation is positioned in the low order 
six bits (2-7) of the core storage byte. 
Input/output data may be in the zoned, 
binary,·or packed format. 

No code translation is required for 
UCSTR operation. The UCSTR transmits 
the bit configuration contained each 
byte of the transfer field, and when 
receiving; the transfer field receives 
the same bit confiquration that is 
received by the UCSTR. 

Condition Code 

The status of an I/O device addressed 
by a transfer I/O instruction, and under 
certain conditions, a control I/O 
instruction, is used to set the condition 
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code of the PSI'l at the time the execution 
of the instruction is completed. The 
condition code indicates whether or not 
the I/O device has initiated the operation 
specified, and if not, the reason for 
the rejection. The condition code can 
be used for decision-making by subsequent 
branching operations. 

The UCSTR sets a condition code only 
when an XIO instruction is issued. The 
condition code is set to 00,01, 10, or 
11 by an instruction to indicate the 
status of the I/O device addressed. 

Condition Code Status 

00 
01 
10 
11 

Available (A) 
Working (W) 
High-Speed UCSTR 
Not Operational (N) 

Available: Indicates that the addressed 
I/O device is operational, does not 
contain data or error check conditions, 
and is not busy with a previously initiated 
operation. 

Working: Indicates that the addressed 
I/O device is executing a previously 
initiated operation. 

High-Speed UCSTR: Indicates that the 
lu.gh-speed UCSTR feature is installed 
and operating when another I/O device 
is addressed, or it indicates that an 
I/O device is operating when the UCSTR 
is addressed. High-speed UCSTR time­
shares only with the 1403 buffered 
printer~ thus, the 1403 is the only 
device that can operate at the saJTle time 
as the high-speed UCSTR. 

Not Operational: Indicates that the 
addressed I/O device is in a not ready 
status, or an error or a data check 
condition exists on the device. 

The operation specified by an XIO 
instruction is initiated only when the 
addressed I/O device is in the available 
state. If an I/O device which is not a 
part of the system is specified, a 110-

operation occurs, and the condition code 
is not changed. 

Test I/O and Branch 

9A O.A. F.S. 81 01 
o 78 1112 1516 1920 31 

The device address (DA) specifies the 
I/O device in which a condition is to 
be tested. 

The function specification (FS) 
specifies the particular condition or 
indicator to be tested in the I/O device 
addressed. 

If the condition tested in the addressed 
I/O device is on, the updated instruction 
address is replaced by the branch address 
derived from the DI-Dl fields, otherwise, 
normal instruction sequencing continues 
with the updated instruction address • 

UCSTR Test I/O and Dranch Instructions 

UCSTR Busy 

The UCSTR busy TIOB instruction is 
available after a transmit or receive 
record XIO instruction has been issued. 
If the UCS'l'R feature is in a busy condition 
when the TIOD instruction is issued, the 
updated instruction address is replaced 
by the branch address in the BI-Dl field 
of the TIOB instruction. If the UCSTR 
feature is not in a busy condition when 
the TIOB instruction is issued, normal 
instruction sequencing4~roceeds. 

9A 5 I 0 
o 78 1112 

I 81 I 
1516 1920 

01 
31 

I 29200 I 

The UCSTR becomes busy when the transmit­
record or receive-record XIO instruction 
is executed, and the UCSTR remains busy 
until an end-condition interrupt occurs, 
a response time-out interrupt occurs, 
or a nullify transfer instruction is 
executed. 

CRC or LRC Error 

The UCSTR error TIOD instruction is 
available after a receive record XIO is 
issued, or it is available after a 
transmit record XIO with the response 
bit (see Control Word) on is issued. 
If the UCSTR feature is in a busy condition 
when the TIOB instruction is issued, the 
CPU is interlocked, and the CPU performs 
the UCSTR error test after the UCSTR 
interrupt condition is set. 

If the UCSTR error condition exists 
at the time the test is performed, the 
updated instruction address is replaced 
by the branch address in the BI-Dl fields 
of the TIOB instruction. If no error 
exists when the test is performed, normal 
program sequencing continues. 
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I 9A I 5 I 
o 18 1112 

I 81 I 
1516 1920 

01 
31 

I 29201 I 

A UCSTR error condition indicates that 
an error occurred during the preceding 
receive operation. The error is detected 
by the CRC, LRC or VRC check. (See Error 
Checking. ) 

If the vertical redundancy check (VRC) 
feature is installed, the UCSTR error 
TIOB instruction is available after a 
receive or transmit XIO instruction (See 
Error Checking.) 

The UCSTR error indicator is reset 
when a receive-record or transmit-record 
XIO instruction is executed. 

Receive EOT 

The receive EOT TIOB instruction is 
available after a UCSTR interrupt condition 
is set. The indicator is turned on when 
the UCSTR receives an EOT character (DLE­
EOT in transparent mode). 

If this indicator is on when tested, 
the updated instruction address is 
replaced by the branch address in the 
BI-Dl fields of the TIOB instruction. 
If the indicator is not on, normal 
instruction sequencing proceeds with the 
up¢iated address. 

9A 5 I 5 
o 18 1112 

I 81 
1516 1920 

01 
31 

1 292021 

The receive EOT indicator is reset when 
it is tested by a TIOB instruction. If 
the receive :COT indicator is not tested 
by the program, the EOT indicator light 
will turn on and the audible alarm will 
sound until the operator presses the 
stop key. 

Response Time-Out 

The response time-out TIOB instruction 
is available after a UCSTR interrupt 
condition is set. The response time-
out indicator is turned on by the following 
conditions. 
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1. A receive-record XIO instruction has 
been executed, but no message block 
has been received within three seconds. 

2. A transmit-record instruction is 
executed with the response bit on 
(see Control Byte), but no 
acknowledgment or message has been 
received within three seconds of 
sending the ending character or 
sequence. 

If the response time-out indicator 
is on when tested by a TIOll instruction, 
the updated instruction address is 
replaced by the branch address in the 
81-01 field of the TIOB instruction. 
If the indicator is off, normal instruction 
sequencing proceeds -with the updated 
instruction address. 

9A 5 I 6 
o 78 1112 

I 81 I 
1516 1920 

01 
31 

1 29203 1 

The response time-out indicator is turned 
off when one of the following occurs. 

1. When the indicator is tested by a 
TIOB instruction. 

2. Irlhen a message block or response 
message has been received. 

Ring 

The ring indicator indicates that a 
ringing signal is being received from a 
remote terminal. The ring TIOil instruction 
is available after a set-to-receive-mode 
CIO instruction, but prior to issuing a 
receive-record XIO instruction. 

The ring indicator is used in 
conjunction with a data set that has the 
unattended answer feature installed. 

The indicator is turned on by a ring 
signal from the data set when the UCSTR 
auto answer/disconnect switch is in the 
on position, the UCSTR start key has 
been pressed, and a set-to-receive mode 
CIO instruction has been executed. 

The ring indicator being on indicates 
that a remote station is trying to call. 

If the ring indicator is on when it 
is tested by a TIOB instruction, the 
updated instruction address is replaced 
by the branch address in the 81-Dl field 
of the TIOB instruction. 
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9A 5 I 7 81 I 01 I 
0 78 1112 1516 1920 31 

I 29204 I 

The ring indicator is turned off by an 
automatic disconnect CIa instruction. 

Control Input/Output Instructions 

I 98 O.A. I F.S. I 81 I 01 
o 78 1112 1516 1920 

The device address (DA) specifies the 
I/O device in which a control function 
is to be performed. 

The function specification (FS) 
specifies the particular component (it 
may also specify the primary function 
of that component) in the I/O device 
addressed. 

31 

A detailed specification of the control 
function to be performed is derived from 
the contents of, the BI-Dl fields, according 
to the rules for direct or effective 
address generation. If the detailed 
specification derived from the BI-Dl 
field is all zero, a no-operation occurs. 

The BI-Ol field of the set-to-receive 
and set-to-transmit instructions contains 
the addres~ of the core storage location 
that conta~ns the first byte of the five­
byte control field. 

The BI-Ol field is not used during 
the other UCSTR control I/O instructions 
but the BI-Ol fields must contain some ' 
bits to prevent a program ,error condition. 

None of the UCSTR control I/O 
instructions will cause the UCSTR to be 
in a busy condition. . 

UCSTR Con trol I/O 

The following control input/output (CIa) 
instructions are used by the UCSTR. 

Set to Receive Hode 

The set-to-receive-mode instruction 
conditions the UCSTR for a receive 
operation. 

I 98 I 5 I 0 I 81 I 01 I 
0 78 1112 1516 1920 31 

I 29205 1 

This instruction is issued prior to 
an XIO receive-record instruction to set 
the direction of transmission for the 
receiving UCSTR. 

The UCSTR remains in receive mode 
until a set-to-transmit-mode instruction 
is executed. Thus, the set-to-receive­
mode instruction is issued only when 
needed to set the initial direction of 
transmission, when the direction of 
transmission is to be changed fron 
transmit to receive, or \'I'hen' a new control 
fiel~ byte is tc;> be defined during a 
cont7nuous rece~ve mode operation. A 
cont~nuous receive mode operation is 
when the UCSTR is receiving multiple 
message blocks without sem-1incj' any 
response messages. 

A data transfer Vlill not occur until 
an XIO receive-record instruction is 
executed~ (See Transfer Input/Output 
Instruct~on. ) 

The set-to-receive-mode instruction 
is available under the follo\'I'ing 
conditions. 

1. Prior to the execution of an XIO 
receive-record instruction to set the 
initial direction of transmission for 
the receiving UCSTR. 

2. After the end-condition interrupt of 
an XIO transmit-record instruction 
to set the direction of transnission 
~or receiving a response or message 
~n reply to the message transwitted. 

3. After the end-condition interrupt of 
an XIO receive-record instruction 
\"lhen defining a new control field 
byte (sync, BTB, EaT, or LRC subtract 
field) during a continuous receive 
operation. 

Set to Transmit j'·1ode 

The set-to-transmit-mode instruction 
condi tions the UCSTR for a transICli t 
operation. 

I 98 I 5 I I 81 I D1 
o 78 1112 15 16 1920 31 

1 292061 
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This instruction is issued prior to an 
XIO transmit-record instruction to set 
the direction of transmission for the 
transmitting UCSTR. 

l'he UCSTR remains in transmit mode 
until a set-to-receive-mode instruction 
is executed, or a transmit-record operation 
has been completed with the response bit 
on. Thus, the set-to-transmit-mode 
ins~ruction is issued only when needed 
to set the initial direction of 
transmission, when the direction of 
transmission is to be changed from receive 
to transmi t, when the response bi t is 
on and the UCSTR is ready to send the 
next messaqe after receiving a response, 
or when a new control field byte is to 
be defined during a continuous transmit 
mode operation. A continuous transmit 
operation is an operation in which the 
UCSTR is transmitting multiple message 
blocks without receiving any responses 
or messaqes. 

A data transfer will not occur until 
an XIO transmit-record instruction is 
executed. (See Transfer Input/Output 
Instruction. ) 

The set-to-transmit-mode instruction 
is available under the following 
condi tions. 

1. Prior to the execution of an XIO 
transmit-record instruction to set 
the initial direction of transmission 
for the transmitting UCSTR. 

2. After the end-condi tion interrupt of 
an XIO receive-record instruction to 
set the direction to send the next 
message after receiving a response 
or message in reply to the last message 
transmitted. 

3. After the end-condition interrupt of 
an XIO transmit-record instruction 
when defining a new control field 
byte (sync, ETB, EOT or LRC subtract 
field) during a continuous transmit 
operation. 

4. After the end-condition interrupt of 
an XIO transmit-record instruction 
with the response bit on. (The end­
condition interrupt occurs after the 
response is received.) 

Inhibit Audible Alarm 

The inhibit-audible-alarm instruction 
suppresses the three-second processor 

98 5 3 I 81 I Dl 

o 78 1112 1516 1920 
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31 

I 29207 I 

timer. If this timer is allowed to time 
out, the audible alarm will sound. The 
timer is started by pressing the UCSTR 
start key, or by a not busy condition. 
(Not busy exists after an end-condition 
interrupt following a previous XIO.) 
The timer resets with an XIO transfer 
instruction. 

The inhibit-audible-alarm instruction 
is available prior to issuing a UCSTR 
transmit or receive-record instruction. 
The suppression is cancelled when the 
next UCSTR transmit or receive-record 
instruction is executed. 

Nullify Transfer 

The nullify-transfer instruction cancels 
a previously issued XIO transfer 
instruction and turns off the busy 
condition TIOB indicator. 

98 5 I 4 
o 78 1112 

I 81 I 
1516 1920 

Dl 
31 

I 29208 I 

This instruction provides a means to 
nullify a previous XIO receive-record 
instruction. If the receiving station 
has previously executed an inhibit-time­
out-response instruction and subsequently 
issues an XIO receive-record instruction, 
there is a possibility of a "hang-up" 
in an executed receive-record instruction. 
This hang-up may be caused by a 
communications line disconnect or the 
failure of the transmitting station to 
send a message. Since the UCSTR ,,,ould 
not receive an ending character or 
sequence, an end-condition interrupt 
would not occur. After a reasoD_able 
1~fl9th_ Qf_time_j:,h~ _prQg1;am~h:Cl_llJc1 nulli_fy 
tJ2~ _ ~':lg~j,_y_~::;reQ9+g_ ij'u~tr_\i~~~on. 

rIo UCSTR interrupt follows the nullify­
transfer instruction. 

Set Audible Alarm 

The audible alarm automatically sounds 
when operator attention is required by 
the CPU because of a UCSTH operation 
that cannot take care of itself. The 
set-audible-alarm instruction provides 
for the progran to sound the audible 
alarm when operator attention is required. 
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1 292091 

The audible alarm is turned off by 
pressing the UCSTR stop key, or if the 
alarm is sounded because of a processor 
condition, it can be turned off by 
executing a transfer instruction. 

Automatic Disconnect 

If the unattended-answer feature is 
installed on the data set being used 
with the UCSTR, the execution of the 
automatic-disconnect instruction will 
terminate the data call. 

The automatic-disconnect instruction 
is available anytime the UCSTR is not 
in a busy condition. 

98 5 I 7 I B 1 I 01 
o 78 1112 1516 1920 31 

1 29210 I 

C Inhibit Response Time-Out 

The inhibit-response-time-out instruction 
suppresses the automatic time-out that 
occurs when a message or response has 
not been received within three seconds 
after: 

1. Executing an XIO receive-record 
instruction. 

2. "Turning around" to receive a response 
message after transmitting a message 
with the response bit on. 

I ~ __ 9B __ ~1~5~1~12~I~Bl~I~ __ 0_1 __ ~1 
o 78 1112 1516 1920 31 

Ciliill 

The suppression of the response time­
out is cancelled when the next transmit­
or receive-record transfer instruction 
is executed. 

Transfer Input/Output Instructions 

.".1 _DO_"*I-=D~.A.:.:..,' "I,.I.-F...:..:.S~ . .,.,L1,."...::.:...81 ~IS\Dl 
o 78 1112 1516 1920 

I 82 IS~ 
3132 3536 47 

The device address (DA) specifies the 
I/O device to which output data is to 

129221 I 

be transmitted, or from which input data 
is to be received. 

The function specification (FS) 
specifies the input or output function 
to be performed on the I/O device 
addressed, and also the particular 
component of the addressed device (when 
required) • 

The main-storage location of the first 
byte in the input or output data field 
is derived from the contents of the 81-
D1 fields according to the rules for 
direct or effective address generation. 

THE B2-D2 fields of the XIO instruction 
are used as described in Transmit Record 
and Receive Record. 

THE ueSTE becomes busy (UeSTR busy 
indicator is on) v"hen the XIO instruction 
is executed, and the busy indicator 
remains on until an end-condition or a 
response time-out condition occurs. 

UCSTR Transfer Input/Output Instructions 

T\"o transfer input/output (XIO) 
instructions are used by the UCSTR. 

Transmit Record 

The transmit-record instruction initiates 
the transfer of a message from core 
storage to the UCSTR. After the operation 
is initiated by the transmit-record 
instruction, the actual transfer of data 
is done, one byte at a time, on a time­
sharing basis with other I/O devices. 

The UCSTR is available for a transmit­
record instruction when: 

1. A set-to-transmit-mode instruction 
has been previously issued. 

2. A transmit-record instruction has 
previously been executed with the 
response bit off and a ueSTR end­
condition interrupt has occurred. 
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The UCSTR is not available for a transfer 
instruction when the UCSTR busy indicator 
is on. The Bl-Dl fields contain the 
core storage address of the first byte 
of the message to be transmitted. 

The 02-D2 fields are used in the 
following ways: 

1. Par transmit-record operations with 
the response bit on, the ]32-D2 fields 
contain the core storage address where 
the first byte of the response message 
will be stored. 

2. For trans?llit-record operations with 
the response bit off and the transparent 
bit off, the B2-D2 fields are not 
used, but they must contain some bits 
to prevent a program error. 

3. For transmi t-record operations with 
the response bit off and the transparent 
bit on, the B2-D2 fields contain the 
transparent byte count (See Transparent 
without Response.) 

4. For transmit-record operations with 
the response bit on and the transparent 
bit on, the B2-D2 fields contain the 
core storage address where the first 
byte of the response message will be 
stored. 

Receive Record 

The receive-record instruction initiates 
the transfer of a message fron the UCSTR 
to core storage. After the operation 
is initiated by the receive-record 
instruction, the actual transfer is done, 
one byte at a time, on a time-sharing 
basis \vith other I/O devices. 

The UCSTR is available for a receive­
record instruction when: 

1. A set-to-receive-mode instruction has 
previously been issued. 

2. A receive-record instruction has 
previously been executed and a UCSTR 
end condition interrupt has occurred. 

3. A response time-out has occurred after 
the execution of a previous receive­
record instruction. 

4. A receive-record instruction has 
previously been executed and 
subsequently nullified by a nullify­
transfer instruction. 
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The UCSTR is not available for a transfer 
instruction when the UCSTR busy indicator 
is on. 

The BI-Dl fields contain the core 
storage address where the first byte of 
the message will be stored. The B2-D2 
fields are not used for receive record 
operations, but these fields must contain 
some bits to prevent a program error. 

KEYS AND SIHTCHES 

The following is a description of the 
keys and swi tches used by the U5ST,R. 
Figure 5 illustrates the UCS'l'H keys, 
lights, and switches. 

PROCESSOR INTERLOCK DATA SET 
READY 

DATA 

RECORD BUSY 

r6FF~\ SPEED ;~~~CT BD 

".''' .. ' ' .. ' '/\.'.1200 ~ 2000 /ON n p 000 2400 

"'~'"'CI,iJJ ,;/) 750 3000 
"'WAlr< 600 4000 

ALjTOMAT. Ie EXT 
A.NSWER 

DISCG.l>INECT 

B B 
(light) (Key) 

III NotUsed 

SEND RECEIVE 
RUN RUN 

LINE LINE 
TRANSMIT RECEIVE 

g- NORMAL 
TEST 

Figure 5. Keys, Lights, and Switches 

Keys 

start: pressing the start key places the 
UCSTR in a ready status. Pressing the 
start key will also turn off the audible 
alarm if the alarm was sounded as a 
result of a transmit-record or receive­
record instruction being executed prior 
to pressing the start key. 
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Stop: Pressing the stop key removes the 
UCSTR from a ready status. If a transfer 
operation is in progress when the stop 
key is pressed it "Jill be completed. 
Pressing the stop key will also turn off 
the audible alarm if the alarm was sounded 
as a result of one of the following 
conditions: 

1. A set-audible-alarm instruction. 
2. The data set is not ready. 
3. An EDT has been received as the ending 

character of a received message block, 
but the receive EaT indicator was not 
tested by a TIOB instruction. 

4. An interlock check stop. 

Switches 

ODoration: The operation switch has three 
p;sitions, which function as follows: 

1. orF - ~laces the UCSTR in an "out­
of-use" mode and resets UCSTR functional 
conditions. 

2. NOHrll,L-places the UCSTE in an "in 
use" rnode. 

3. TEST-is a service feature of the 
UCSTR. The test position is used by 
the 18;'/1 Customer Engineer with a 
special diagnostic program routine 
to check UCSTR operation. 

sheed Select: This switch is used to set 
t e UCSTR to the proper transmission 
speed. The switch has a position for 
600, 750, 1000, 1,200, 1,500, 2,000, 
2,400, 3,000, and 4,000 bits per second 
(baud). For speeds in excess of 4,000 
baud or where the data-set provides the 
clock, the speed select switch has an 
external (EXT) position. In the EXT 
position, the data set must provide the 
timing pulses to the UCSTR. 

The basic UCST1{ can operate at speeds 
up to ~baud. 7 "~' 

For speeds greater than~-"b'and )l,Ni 
(up to 50,000 baud) the high-speed UCSTR 
special feature is required. 

The character transmission rate depends 
upon the selected speed and the line 
level code used. For exanple, when 
transmitting at 2,000 baud, the character 
transmission rate is as follows: 

1. L;iqht-bit line level: 250 characters 
per second. 

2. Seven-bit line level: 285 characters 
per second. 

3. Six-bit line level: 333 characters 
per second. 

NOTE: If data-set clocking (external) 
is used by one station, the other must 
also use data-set clocking. The same 
transmission speed must be selected for 
both (all) stations. 

Auto-Imswer/\"Jait: 'I'his switch has three 
posl.tl.ons that function as follows: 

1. OFF - Disables the auto-answer­
disconnect feature of the UCSTR. 

2. ON - \lJith the switch in this position, 
automatic answerinq of incominq calls 
and automatic disc~nnection of-the 
UCST~ from the communications line 
can be under program control. 

3. WAIT - With the switch in the wait 
position, the operation is the same 
as ,,,hen the switch is in the on 
position except the program does not 
continue with the next sequential 
instruction after executing a receive­
record instruction. 

Binary/BCD: Not Used 

INDICAT01Z LIGHTS 

The follmving describes the status and 
check indicators used by the UCSTR. 
Figure 6 illustrates the status and check 
indicators on the UCSTR operator panel. 

CHECKS STATUS 

PROCESSOR INTERLOCK DATA SET CHARACTER RECEIVE 
READY PHASE EOT 

DATA READY SEND RECEIVE 
RUN RUN 

AWAITING BUSY LINE LINE 
REPLY TRANSMIT RECEIVE 

Figure 6. Status and Check Indicators. 

Status Indicators 

Data Set Readl: l'lhen this indicator is 
on, it indicates: 

1. Power to the'data set is on. 
2. The communications line is connected. 
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On some machines, the data set ready 
indicator may be on when the operation 
switch is in the test position. 

Character Phase: The character phase 
indicator being on indicates that a 
synchronized condition exists between 
the receiving and transmitting stations. 
Character phase is established for each 
individual message. Character phase is 
established at the beginning of a message, 
and it is turned off at the end of a 
message. 

In a multipoint operation or if a 
message is being received but a receive­
record instruction has not been executed, 
a momentary character phase condition 
can ocCur without the receiving station 
executing a receive-record instruction. 
If a receiving station receives two 
consecutive sync characters, the character 
phase indicator is turned on, but it 
remains on only as long as the UCSTR is 
receiving consecutive sync characters. 
(See UCSTR Special Features.) 

11hen the character phase indicator 
is on it indicates the following 
conditions: 

1. In a transmit operation, it indicates 
that an XIO transmit-record instruction 
has been executed and the UCSTR is 
transferring sync characters, a message 
block, and the CRC or LRC character 
to the remote station. The indicator 
turns on when the transmit-record 
instruction is executed, and it turns 
off after the sync (pad) character 
is transmitted at the end of the 
message. 

2. In a receive operation, the character 
phase indicator turns on when a 
receive-record instruction has been 
executed and two (or more) consecutive 
sync characters have been, received 
by the UCSTR. The two consecutive 
sync characters must be recognized 
by the UCSTR as the same sync character 
defined in its control field. 

The character phase indicator being 
on indicates that the receiving UCSTR 
timing circuits are in synchronism with 
the timing circuits of the transmitting 
station. 

The character phase indicator turns 
off after the UCSTR receives the CRC 
character at the end of a message. 
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Awaiting Reply: The awaiting-reply 
indicator being on indicates that the 
UCSTI< is awaiting a response or a message 
because of one of the following conditions: 

1. A receive-record instruction has been 
executed, and the UCSTR is waiting 
to receive a message from the remote 
station. 

2. A transmit-record instruction has 
been executed with the response bit 
on. After the message block is 
transmitted the UCSTR automatically 
turns around (switches to receive) 
to await a response or message. 

The awaiting-reply indicator is turned 
off when: 

1. The'UCSTR goes into synchronization 
(character phase) with the remote 
transmitting station. 

2. A response time-out has occurred. 
3. A nullify-transfer instruction has 

been executed. 

Ready: 11hen the ready indicator is on, 
~t ~ndicates: 

1. Power is being supplied to the 
System/360 Model 20. 

2. The data set is in a ready condition. 
3. The UCSTR start key has been pressed. 

The ready indicator is turned off 
when the stop key is pressed, but the 
transfer operation that is in progress 
is completed. 

~us¥: 'l'he busy indicator being on 
~nd~cates: 

1. A transmit-record instruction has 
been executed, but the transfer of 
data is not complete. 

2. A receive-record instruction has been 
executed, but the transfer of data 
is not complete. 

The busy indicator is turned off under 
the following conditions: 

1. A receive message transfer is completed. 
2. A transmit message transfer is 

completed. 
3. A time-out response occurs. 
4. A nullify-transfer instruction is 

executed. 
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Receive EOT: The receive EOT indicator 
Being on indicates that an end-of­
transmission ending character (EOT) or 
ending sequence (DLE-EOT) has been 
received. 

The receive EOT indicator is turned 
off by either executing a test-receive 
EOT TIOB instruction or by pressing the 
UCSTR stop key. 

Send Run: The send-run indicator being 
on londlocates that the UCSTR is transmitting 
a message block to a remote station. 

The send-run indicator is turned off 
when the message transfer is complete. 

Receive Run: The receive-run indicator 
belong on l.ndicates that the UCSTR is 
receiving a message block from a remote 
station. The receive-run indicator is 
turned off when the message transfer is 
complete. 

Line Transmit: The line-transmit indicator 
being on indicates that the data set is 
conditioned to send. If the ha1f­
duplex/full-duplex switch on the CE panel 
is in the FD (full-duplex) position, the 
line-transmit indicator remains on. 
With the switch in the UD (half-duplex) 
position, the indicator will be on only 
when the data set is conditioned to send. 

Line Receive: The line-receive indicator 
being on londicates that the data set is 
conditioned to receive. If the half­
duplex/full-duplex switch on the CE panel 
is in the FD (full-duplex) position, the 
line receive indicator remains on. ,'lith 
the switch in the ED (half-duplex) 
position, the indicator remains on only 
when the data set is not conditioned to 
send. 

Odd: Not used. 

Receive TEI,: Not used. 

Check Indicators 

The check indicators are shown in Figure 
6. A summary of check conditions and 
the indicators turned on by each condition 
is provided by Figure 7. 

Problem Indicators Action Required Interrupt 

(; .>I. to Cancel Bit Set 
u the I ndicolor S .2 ~ 

<J Q; " 0 

e c u 
1: " "- 0 '" Failed to Issue on XIO 

Instruction within 
3 seconds X Issue XIO Instruction No 

or Press Stop Key 

Storage Wrap-Around X X Press System Reset Yes 
or Press UCSTR 
Reset 

Receive CRC or LRC 
Error X X Test Receive Error Yes 

TIOB Indicator 

Program Stop Error X Press System Reset No 
or Press UCSTR 
Reset 

UCSTR Address 
Boundry Overrun X Test Receive Error Yes 

TIOB Indicator 

Figure 7. Check Indicator Summary 

The audible alarm sounds when any 
check indicator or combination of check 
indicators is on. 

The alarm will sound for the l?eriod 
of time the indicator is on. 

The audible alarm will stop sounc1incr 
when the check indicator is reset or 
vlhen the stop key is pressed. 

Processor: The processor indicator being 
on by itself indicates one of the 
follmving: 

1. The UCSTR start key has been pressed, 
but a transmit or receive record 
instruction has not been executed 
within three seconds of pressinrr the 
start kev. 

2. A transmit or receive record instruction 
has been executed, and an interrupt 
bit has been set. 

This condition can be the result 
of the completion of a transmit or 
receive operation, or it can be the 
result of a response tine-out, but a 
subseauent transmit or receive record 
instr';ction has not been executed 
within three seconds. 

Par the above conditions, the processor 
indicator can be reset by executing a 
transmit or receive record instruction 
or by pressing the stop key. 
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The processor and interlock indicators 
being on indicates a storage wraparound 
error after the execution of the previous 
receive of transmit record operation. 
This is a programming error stop. 

The processor and interlock indicators 
are turned off by pressing the system 
reset key on the CPU console or by 
switching the UCSTR operation switch to 
the off position (Figure 5). 

Interlock: The interlock indicator being 
on indicates a program error stop 
condition. The condition that causes 
the processor and interlock indicators 
to turn on was described previously. 

The interlock indicator being on by 
itself indicates one of the following 
concU tions : 

1. A receive-record instruction is 
encountered by the program while the 
UCSTR is in a send condition. (The 
direction of transmission was not 
changed by a set-to-receive-mode 
instruction. ) 

2. A transmit-record instruction is 
encountered by the program while the 
UCSTR is in a receive condition. 
(The direction of transmission was 
not changed by a set-to-transmit-mode 
instruction). 

3. A set-to-transmit-mode or set-to­
receive-mode instruction is encountered 
by the program while the UCSTR is 
busy executing a previous transmit­
record or receive-record operation. 

When a programming error stop occurs 
(interlock indicator on), the I-register 
display on the CPU console indicates 
0000 (the sarne as a normal CPU stop 
condition). 

The interlock indicator is turned off 
by pressing the system reset key or by 
switching the UCSTR operation switch to 
the off position. 

Data: The data and record indicators 
being on indicates a receive CRC or LRC 
error occurred in the last message 
received. 

The data and record indicators are 
turned off when the receive record TIOB 
indicator is tested by a receive error 
TIOB instruction. 
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Record: The record indicator being on 
by itself indicates that a storage address 
boundary overrun has occurred because 
of one of the following conditions: 

1. An ending character or sequence was 
not recognized by the UCSTR (the UCSTR 
continues to store data characters 
until a storage address boundary is 
reached) • 

2. The message received exceeded the 
maximum field length (1,023 bytes) 
for a receive field. 

Check Stop: Not used 

Test Pattern: Not used 

UCSTR SPECIAL FEATURES 

The UCSTR feature and its associated 
special features are available on a 
request price quotation (RPQ) basis from 
IBM. 

This section provides a description 
of the special features associated with 
the UCSTR. 

High Speed (RPQ M24418) 

This feature modifies the UCSTR.to operate 
with broadband communications facilities 
at speeds up to 50,000 bits per second 
(full duplex). 

The high-speed UCSTR time shares with 
only the CPU and the 1403 buffered 
printer. To accomplish the high-speed 
UCSTR time sharing function, an additional 
condition code 10 is used when the high­
speed feature is installed. 

If an I/O device (other than the 1403) 
is operating (has not yet reached an end 
condition) when the high-speed UCSTR is 
addressed by an XIO or CIO instruction, 
a condition code 10 is set in the UCSTR 
program status word (pm'1). The UCSTR 
XIO or CIO instruction will not be 
executed until the other I/O device 
reaches an end condition. 

If the high-speed UCSTR is operating 
(has not reached an end condition) when 
an I/O device (othex than the 1403) is 
addressed by an XIO or CIO instruction, 
a condition code 10 is set in that device 
program status word. The device XIO or 
CIO instruction will not be executed 
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until the high-speed UCSTR reaches an 
end condition. The high-speed UCSTR 
cannot be operated at normal medium 
speeds of 75 to 600 characters per second. 

The high-speed UCSTR does not provide 
the high-speed clocking pulses required 
for synchronization. When the high-
speed feature is installed, the UCSTR 
must operate with a data set that provides 
the clocking pulses. 

Six- and Seven-Bit Level Code (RPQ M24421) 

This feature provides the UCSTR with the 
ability to trans~it or receive any 
transmission code comprised of six bits 
or any transmission code comprised of 
seven bits as well as the basic UCSTR 
capability of transmitting or receiving 
any transmission code comprised of eight 
bits. The six-, seven-, or eight-bit 
level is selected by means of a switch. 

This feature provides CRC checking 
for six-bit and seven-bit codes. '·'lith 
the addition of the LRC feature, the LRC 
check can also accomodate six- and seven­
bit codes. 

A character ina six- or seven-bit 
code is stored in the low-order six bits 
(2-7) or seven bits (1-7) of a core 
storage byte. The characters must be 
stored in the bit configuration that is 
to be transmitted. (No code translation 
is provided by the UCSTR.) 

Sync characters defined by the program 
in the control field must be in the same 
level code that is being transmitted or 
received. Sync characters must meet the 
requirements of the basic UCSTR sync 
character. (See,Sync Byte). 

LRC Check (RPQ M25019) 

This feature provides the UCSTR with the 
ability to perform a longitudinal 
redundancy check (LRC) on the data 
received. Either CRC or LRC checking 
can be selecteq by a switch provided 
with the LRC feature. 

The LRC character is transmitted as 
a single character in six-, seven-, or 
eight-bit codes. See error checking for 
a description of the checking operation. 

The UCSTR accumulates the LRC character 
from all characters placed ·on the 
transmission line except the beginning 
and ending sync characters. 

An LRC subtract field (byte) is 
provided by the LRC feature for operation 
with equipment that excludes some of its 
control characters from the LRC 
accumulation • 

When such equipment is operating with 
the UCSTR, the accumulation, for those 
characters that are not accumulated by 
the LRC, must be placed in the LRC 
subtract field to adjust the LRC 
accumulation in the UCSTR before the LRC 
check is made. 

VRC Check (RPQ 834533) 

This feature provides the UCSTR with the 
ability to check for an odd nu~er of 
bits in each character. If the UCSTR 
with the VRC check feature senses an 
even number of bits in a character, the 
error TIOB indicator is turned on. (See 
Test Input/Output and Branch Instructions.) 

VRC checking is controlled by a switch 
that is provided by the VRC feature. 

Terminal Address Recognition (RPQ M34070) 

This feature provides the UCSTR with the 
capability of being selected by an 
addressing (polling) operation performed 
by a master station. The terminal address 
recognition feature is used in a multidrop 
configuration (multiple System/360 Model 
20 systems with the UCSTR feature). 

Each system ordered with this feature 
installed is wired at the factory to 
recognize a unique eight-bit address 
that is specified by the customer. 
Selection of a particular station is 
accomplished by the master station 
transmitting the eight-bit code assigned 
to the desired station as the first data 
byte of a message block. 

Each UCSTR in the multidrop 
configuration executes a set-to-receive­
mode (CIO) instruction and a receive­
record (XIO) instruction, and each UCSTR 
monitors every message that appears on 
the communications line. The sync 
characters transmitted prior to each 
message will cause all the UCSTR features 
to become synchronized with the master 
station. 

Each UCSTR ,tests the first character 
after a sync character to determine if 
the first byte of the message contains 
its terminal address. The terminal with 
the address corresponding to the address 
in the first data byte is selected and 
receives the remainder of the message 
block. All other terminals connected 
to the communications line ignore the 
remainder of the message block. 

The terminals that are not selected 
do not interrupt, but they continue to 
monitor the line for the next address 
selection operation. The terminal that 

UCSTR Feature 29 

------.- .--~- ____ "-"~,_""=>WI' ... ~...."._ •• "~_ .... ,.,.,,,,.... .... __ ~~, -,.------



~ 

~ 

~ 

,.,.,0 

l' 

,vas selected receives the messaCle in the 
normal manner, interrupting after receiving 
the ending character or sequence. 

'rhe terminal address recogni tion 
feature operates in eight-bit level code 
only. 

Since the terminal address recognition 
feature tests the first character after 
a sync character for an address, a sync 
character <,Ii thin a data message can cause 
a false terminal selection. A false 
terminal selection can be prevented by 
a line-control procedure that begins 
each messaCJe with a unique start-of­
message character. 

If an inhibit-response-time-out 
instruction is not executed prior to 
issuing a receive-record instruction, a 
response time-out will occur at each 
terminal not selected within three 
seconds. 

Special Feature Sun®ary 

The above special features anli their 
prerequisites are sUr:lmarized in Fi'Jure 8. 

ImI SYSTEH/360 HODEL 20 INPUT/OUTPUT UNITS 

IBN 1442 CARD PUNCH, HODEL 5 

The IBa 1442 Card Punch, Hodel 5 provides 
punched card output for the Syster:l/360 
Hodel 20. The 1442-5 consists of a card 
hopper, a serial punch station, and one 
radial stacker. Card punching is done 
serially at a maximum rate of 160' 
columns/second. The card punching rate 
depends upon the number of columns 
specified in the punch instruction. 
Punching speed may range from 265 
cards/minute for punching columns 1-10, 
to 91 cards/minute for punching columns 
1-80. 

IBH 2501 CARD READER, HODELS Al and A2 

The 2501 Card Reader consists of one 
hopper, a serial read station, and one 
stacker. 

Feature RPQ Number Descriptian Prerequisites 

Basic UCSTR M24798 Universal Code Synchronous Transmit-Receive that can transmit and System/360 Model 20 
receive in any eight-bit line code. Communications Adapter 

- (F C 2073) ... 

High-Speed M24418 Allows the UCSTR to transmit or receive at speeds up to 50,000 bits I. FC2073 
per second (baud). 2. M24798 

Six and Seven bit level M24421 Allows the UCSTR to transmit and receive in any six or seven bit code. I. FC 2073 
code 2. M24798 

LRC Check M25019 Allows the'UCSTR to communicate with equipment that accumulates I. FC 2073 
a longitudinal redundancy check (LRC) character Instead of a cyclic 2. M24798 
redundancy check (CRC) character. 

VRC Check 834533 Allows the UCSTR to check each character for an even parity error I. FC 2073 
condition. 2. M24798 

3. M25019 

Terminal Address M34070 Allows the UCSTR to automatically select one af several terminals 1. FC 2073 
Recognition in a multi-drop configuration. 2. M24798 

29218 

Figure 8. special Feature Surnr:lary 
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The 2501 Card Reader, Hodel Al has a 
maximum rate of 600 cards per minute, 
and the 2501 Card Reader, Hodel A2 has 
a maximum rate of 1,000 cards per minute. 

IBH 2520 CARD READ PUNCH AnD CARD PUNCH 

The 2520 Card Read Punch, Hodel Al reads 
cards serially at a maximum speed of 500 
cards per minute and punches parallel 
at the same rate. Reading and punching 
may be overlapped to provide reading, 
computing, and punching at the maximum 
throughput speed, Reading without 
punching and punching without reading 
are also possible with the 2520-Al. All 
2520s have two stackers. '1'he 2520 Card 
Punch, Hodels A2 and A3 consist of the 
same basic mechanical unit as the 2520-
Al but have no read unit. l1aximum 
punching rates are 500 cards per minute, 
or 300 cards per minute, depending on 
the model. 

2520 Card Read Punch 
Hodel Al: 

2520 Card Punch, Model A2: 
2520 Card Punch, Model A3: 

500 cpm 
read/punch. 

500 cpm punch. 
300 cpm punch. 

C rBl1 2560 HULTI-FUHCTION CARD HACHHlE 

The 2560 provides full card-file 
maintenance abilities as \1ell as an 
optional six-line card document printing 
feature. Cards are fed from either of 
two hoppers through a serial read station, 
a serial punch station, and a serial 
print station, after \1hich they may be 
directed to anyone of five stackers. 
The reading speed is 500 cards per minute, 
punching speed is 160 columns per second, 
and card printing speed is 140 characters 
per second. 

Unit record functions such as reproduce, 
gang punch, summary punch, collate and 
decollate may all be performed on the 
2560. The optional printing feature may 
consist of two, four, or six print heads, 
which nay be positioned by the operator 

to print on any of the 25 lines of a 
card. Up to 64 characters may be printed 
on each line. 

IBIl 2203 PEI:~T:CR 

The 2203 Printer provides output for the 
System/360 Hodel 20 at up to 750 lines 
per minute (lpm). Interchangeable 
typebars allo\1 the operator to select a 
type style and character set for a 
specific printing job. Four character 
sets are available for the 2203 printer. 
The 13-character set has 10 numeric and 
3 special characters; the character sets 
with 39, 52, and 62 characters have 26 
alphabetic, 10 numeric, and 3, 16, and 
26 special characters, respectively. 

The printing speed for anyone 
application depends on the total number 
of lines printed; the amount of processing 
required for each printed line; and the 
character set used. 

The complete range of speeds available 
\1ith the ImJ[ 2203 Printer is shown in 
the table beloH. 

Character Cycle 
Set Ipm Time (ms) 

13 750 80 
39 425 141 
52 350 171 
62 300 200 

A 120-character line, at 10 characters 
to the inch, is standard. An additional 
24 positions are available as a special 
feature. Vertical spacing of six or 
eight lines per inch can be manually 
selected by the operator. Single, double, 
and triple spacing of lines, plus skipping 
to a predetermined point, are performed 
by the tape-controlled carriage, directed 
by the CPU. The sequence and arrangement 
of data printed are also controlled by 
the stored program; a line to be printed 
is assembled in core storage in exactly 
the same sequence it is to appear as 
output. 

The dual-feed carriage special feature 
permits independent and simultaneous 
control of two sets of forms. 
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IBH 1403 PHINTEH, 110DELS 2, 7, AND 'U 

The IEti 1403 Printer provides output for 
the System/360 Model 20 at a rate of 600 
lines per minute for the 1403-2 and 1403-
7, and 1,100 lines per minute for the 
1403-Nl. If the 1403-Nl is e~uipped 
with the universal character set (UCS) 
special feature, the print speed is 1,400 
lines per minute. If the 1403-2 is 
equipped with UCS, the print speed is 
750 lines per minute. 

The 1403-2 and 1403-Nl have a print 
line width.of 132 characters, and the 
1403-7 has a print line width of 120 
characters. Vertical spacing of six or 
eight lines to the inch can be manually 
selected by the operator. Single, double, 
and triple spacing of lines, plus Skipping 
to a predetermined point are performed 
by the tape-controlled carriage, under 
control of the CPU stored program. The 
1403-2 has a dual-speed carriage that 
permits high-speed skipping at 
approximately 75 inches per second on 
skips over eight lines. 

Each print position can print 48 
different characters; hmITever, with the 
UCS special feature, each print position 
can print up to 240 characters. The 
printing format is controlled by the 
stored program. 

IBN 2415 HAGNETIC Tl'.PE DRIVE AND CONTROL 
UNIT 

The 18:'1 2415 l1agnetic Tape Drive and 
Control Unit is designed to meet the 
low-cost magnetic tape requirements of 
System/360. Six models of the IBH 2415 
are available with the System/360 aodel 
20. The 2415-1, -2, and -3 use the non­
return-to-zero-IBf1 (NRZI) method of 
recording, and the 2415-4, -5, and -6 
use the phase encoding (PE) method. The 
IBIl System/360 Model 20 operates with 
either rmZI or PE type tape drives through 
the input/output channel (laC). 

The user can select from three different 
models of either HRZI or PE type tape 
drives. The three different models 
consist of modules containing two, four, 
or six tape drives that operate 
independently but share a common control 
unit. The laC can operate one control 
unit. 

Each tape drive can be addressed by 
the program, and has its own keys and 
indicator lights for manual control. 

32 System/360 Model 20 UCSTR (RPQ) 

The following illustration shows the 
performance of the various models. The 
tape drives are normally equipped \-lith 
nine-track read/,,,ri te heads; hO\vever, 
seven-track heads can be installed. For 
example, a 2415-2 may be equipped with 
two nine-track heads and t"lO seven-track 
heads. 

Model Size Density Bytes/Sec Tope Speed 

1 two tope dri ves 800 Bpi 15000 18.75 Inch/sec 
NRZI 2 four tope drives 800 Bpi 15000 18.75 

(9-Track) 3 six tope drives 800 Bpi 15000 18.75 

4 two tape drives 1600 Bpi 30000 18.75 
PE 5 four tape drives 1600 Bpi 30000 18.75 

(9-Track) 6 six tape drives 1600 Bpi 30000 18.75 

The 7-Track Compat. Feature for all Models allows densities of 
200, 556, and 800 Bpi NRZI 

The 9-Track Compat. Feature for Models 4, 5, 6 allows 800 Bpi 
NRZI Operation 

IB1:·1 2311 DISK STOP-hGE, HODELS 11 AND 12 

The IBM 2311 Disk Storage, with easily 
interchanged rm1 1316 Disk Pack, affords 
the user the prograr.'..rnino, flexibility of 
large on-line storage capacity and 
virtually unlimited off-line storage 
capacity. As with magnetic tape, a 
virtually unlimited volume of data can 
be written on 1316 disk packs, separated 
from the 2311, and stored off-line until 
needed. 

Two models of the IBH 2311 Disk storacre 
(model 11 and model 12) are available ~ 
for use with the System/360 Hodel 20. 
Up to two 2311 Disk Storage Drives, 
(either 2311-11 or 2311-12) can be 
attached and controlled by the storage 
control special feature; hO\V'ever, both 
models cannot be attached to the same 
system. 

Disk packs written on a 2311 model 
11 may be read on a 2311 model 11 attached 
to any System/360 aodel 20. Disk packs 
written by a 2311 model 12 can also be 
read by a 2311 model 12 attached to any 
System/360 Hodel 20. Compatibility 
between 2311 model 11 and model 12 is 
limited to the extent that the 2311-11 
reads and writes over 200 cylinders on 
the disk pack and the 2311-12 reads and 
writes on only the outer 100 cylinders. 

The 2311-11 and the 2.311-12 differ 
only in the number of track positions 

I 
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available. :each track position comprises 
a ten-h stack of disk surfaces and 
read/Hri te heac:s, forming a cylinder of 
data. The 2311-11 has 200 cylinders of 
data available; the 2311-12 has 100 
cylinders available (Figure 9). 

2311 Model 11 2311 Model 12 
Storage Capacity 5.4 Million Byte. 2.7 Million Bytes 
Data Transfer Rate 156,000 Bytes/Sec 156,000 Bytes/Sec 
Data Bytes/Sector 270 Bytes 270 Bytes 
SectarsIT rack 10 10 
Data BytesIT rack 2700 Bytes 2700 Bytes 
Data Bytes/Cylinder 27,000 Bytes 27, 000 Bytes 
Data Cylinders 200 100 
Alternate Cylinders 3 3 
Maximum Access Time 135 ms 90 ms 
Average Access Time 75 ms 60 ms 
Minimum Access Time 25 ms 25 ms 
Disk Rotation Time 25 ms 25 ms 

Figure 9. IBA 2311 Disk storage 
Characteristics 

Storage Capacity 

Storage capacity of the 2311 model 11 
is 5.4 million bytes. The storage 
capacity tables are based on the use of 
200 of the total 203 cylinders for data 
and 3 cylinders for use as alternates 
(spares for use in the event of surface 
dama'Je to a data truck). Stora~,e capacity 
for the 2311 model 12 is 2.7 million 

bytes. It is based on the use of 100 
of the total 103 cylinders for data and 
3 cylinders for al~ernates. 

IBil 1419 HAGNETIC CIIM~AC'l'El{ ;mI0EIZ 

The 1419 iIagnetic Character Reader can 
be attached to a Systen/360 ilodel 20 
through a serial input/output channel 
(SIOC). The 1419 reads into the syste~ 
the nagnetically inscribed information 
on checks and other banking docuT'1ents 
at speeds as high as 1,600 documents per 
minute. Documents can be sorted into 
as many as 13 classifications as they 
are read. All magnetic inscriptions can 
be checked for validity. 

Documents read by the 1419 nacnetic 
Character reader nay be of intermixed 
sizes and thickness~s, as typically 
encountered in check-handling operations. 
The standard minimun length is six inches, 
shorter documents, such ~s the 51-column 
postal money order, can be read into the 
Syster1/360 model 20 at a maxinun rate 
of 1,960 documents per minute. Shorter 
docunents (Hhich T'1ay be in terr,1ixed wi th 
standard-len~ith docuT'1ents) can be sorted 
if the optional (no cllarge) feature for 
this purpose is installed. 

Nany special features are available 
for the 1419, including an endorser that 
prints a full endorsement on the back 
of each document at no reduction in 
operating speed. 
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UCSTR OPERATIONS 

The universal characteristics of the 
UCS'fR allow the user to determine the 
line code, l:tessage format, control 
characters, and line-control procedure 
that best fulfill the needs of his 
application. 

'1.'he considerations for selecting the 
line code, message format, and control 
characters are all interrelated to the 
line-control procedure selected by the 
user. 

L1NE-CO:.:n'ROL PROCEDURES 

A line-control procedure is the method 
used to control the message exchanqes 
between stations. 

The UCSTR flexibility places the 
burden of line control on the SysteM/360 
Ilodel 20 program. The remainder of this 
section contains sane of the many possible 
approaches to developinrr a line-control -
procedure. The user should not consider 
the following as the only apprOuclleS to 
a line-control proceJure. 

Line-control procedures .cor the UCS':!:'R 
can be cOr:1pletely under Systcl1'/360 Hodel 
20 prograM control when operating on a 
leased or private line. ,[hen operatinc:r 
on a switched netHork (dial-uD), the 
operator manually establishes and 
terr:1inates the "cof'!'lunications connection", 
and the Systen/360 Ilodel 20 progran 
accoMplishes the remainder of the line 
control tasks. A line-control procedure 
should: 

1. Provide a method of establishinq a 
comr:lUnications connection between ti-lO 
stations. 

2. Provide a method to determine \vhen 
each station is ready to perforM its 
respective function (receive or 
trans:-ai t) • 

3. Provide a method of record 
identification so that each station 
can refer to a particular message by 
a common identifier. 

4. Provide a method of acknowledging 
that a mesnage(s) was received, 
including a designation of a good 
messaqe (no CRC, L:~C or VEC error 
occurred) or an error T:1essage (a CRe, 
LRC or VRC error occurred). 

5. Provide a T:1ethod of retransmitting 
messages in \vhich an error occurred. 

G. Provide a me thou of terminating the 
communications connection bet\veen the 
t\vO s ta tions. 
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Establishing Communications 

The method of establishing a communications 
connection between two stations depends 
upon the type of communications facility 
and the configuration of each station. 
The following describes the various 
methods and the configuration that will 
use each method. 

1. Stations using a switched network 
(dial-up) facility without the 
unattended-answer feature can establish 
communications only by manually 
initiating a telephone call to the 
desired station. The operators at 
the two stations verbally agree upon 
which station will transmit and which 
station will receive. After placing 
the data set in a data condition (if 
required), each operator readies his 
station for its respective function 
(transmit or receive) • 

2. Stations using a svlitched network 
(dial-up) facility with the unattended­
answer feature can establish 
communications by manually initiating 
a telephone call to the desired 
station. However, there is no need 
for a verbal aqreement between the 
operators. The SysteT:1/3GO Hodel 20 
prograr.l at the station receiving the 
call must automatically prepare to 
receive a message. Hhen the operator 
initiating the call is signaled by 
the data set that a connection has 
been established, he prepares his 
station to transmit the first message. 

For this type of operation, the 
receiving System/3GO aodel 20 must 
be in a ready condition, the UCSTR 
must be in a ready condition, the 
UCSTR must be in receive mode (a set­
to-receive- mode instruction has been 
executed), and the System/360 Hodel 
20 must be periodically testing the 
ring T10D indicator. The data set 
receivinC] the telephone call sends a 
ring signal to the UCSTE, setting the 
ring 'I'IOB indicator on. ,'111en the 
ring T10D indicator is tested by the 
program, the program branches to the 
address in the TIOD instruction. 
This address must contain a prograM 
subroutine that issues a receive­
record instruction, preparing the 
UCSTR to receive a message. 

'1'he message received can be either 
a control message or a data message. 
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After the first message is transmitted, 
the remainder of the message exchanges 
is under program control. 

After all message exchanges are 
complete (an EaT has been received) 
the program terminates the call by 
executina an automatic-disconnect 
instruction (CIa instruction). 

3. Stations using a leased line or private 
line can establish communications 
manually, or they can establish 
communications completely under program 
control. 

Under complete program control, 
one station can be designated as the 
master station that controls the 
initiation of all message exchanges. 
The other station is designated as 
the remote station that responds to 
the master station. 

Another form of complete program 
control is accomplished by initially 
placing both stations in a ready-to­
receive condition. This ~eans that 
the Syster1/360 Hodel 20 is in a ready 
condition, the UCSTR is in a ready 
con;"ition, a set-to-receive-r10de 
instruction has been executed, and a 
receive-record instruction has been 
executed. (1\n inhibi t-response-tip1e­
out instruction must be executed to 
prevent a response time-out.) 

The communications line, under 
these conditions, is in an idle state. 

When one of the stations \vants 
to transmit (determined by the program 
sensing a condition requiring 
transmission), it issues a set-to­
transmit-mode instruction to gain 
control of the transmission line. 

After the required message exchange 
has occurred, the program at each 
station returns its respective station 
to the receive mode. '1'he transmission 
line remains in an idle state until 
the program at one station again sets 
its station to the transmit mode. 

To avoid the problem of simultaneous 
transmission requests, each station 
should be assigned a priority, allowing 
the station with the highest priority 
to maintain control of the transmission 
line. 

Two methods can be used to establish a 
communications connection in multipoint 
configurations. 

1. Hultipoint configurations \vithout the 
terminal address recognition special 
feature require a programmed recognition 
of the station selection message sent 

by the master station. Each remote 
station is set to a receive condition, 
and each station receives all messages 
placed on the transmission line by . 
the master station. The master station 
should be programmed to send an address 
selection message following a message 
ending with an EaT character. Thus, 
the initial message should be a "durmny" 
EaT message that will set the receive 
EaT indicator in all remote stations. 
The program in each remote station 
senses that the receive EaT indicator 
is on, and it conditions the program 
to analyze the next message to determine 
which station ".rill be selected. 

The master station sends a message 
containing a unique character assigned 
to the desired remote station. 11.11 
remote stations receive and analyze 
the selection messar:re, but only the 
one station's progrtiun recognizes tlle 
unique station selection character. 

The selected station's program 
prepares to receive all of the following 
messages and make the necessary 
responses until the master station 
concludes the message exchanges with 
an EaT ending character. All stations 
receive all of the messages, but only 
the selected station is programmed 
to accept and use the messages. 

After receiving the EaT character, 
the station selection operation is 
repeated, and the next reJ0.ote station 
is selected by a station selection 
message. 

2. Hultipoint configurations ,lith the 
terminal address recognition special 
feature can be selected by tho ,,1aster 
station "lith a ]1',inir:m:n of pro'jra;nr.inc; 
effort. 

Each renote station in the 
multipoint configuration is set to a 
receive condition. 

The master station sends a unique 
station selection character (each 
station is assigned a unique character) 
as the first data character of a 
message. 

Only the station that is assigned 
the particular character sent is 
selected. All other stations ignore 
the message. l\fter the message 
exchange is complete, the j'1.aster 
station sends the next messa<]e 
containing the next station selection 
character. 

Sending the First r~ssane 

In each of the methods of establishing 
communications, a decision was made 
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(either by the operators or by the 
programs) to determine which station 
will transmit and which station will 
receive. Even after this determination, 
there may be some delay before a message 
exchange is possible, requiring that 
some form of an inquiry message be sent 
by the transmitting station. This 
message, in effect, asks the receiving 
station if it is ready for the first 
data message. 

The receiving station, after receiving 
the inquiry, answers the transmitting 
station with an acknowledgment. The 
acknowledgment can be either positive 
(yes, the receiving station is ready to 
receive) or negative (no, the receiving 
station is not ready to receive). 

In some cases, the inquiry and 
acknowledgment exchange can be omitted. 
However, some program operating efficiency 
can be gained by the inquiry and 
acknowledgment exchange. 

Identifying Records 

To establish positive communication 
between the transmitting and receiving 
stations, records can be identified so 
that both stations have a common identifier 
for referencing a particular record. 
Odd-numbered records can be assigned a 
unique character, and a different character 
can be assigned to even numbered records. 
For example, the transmitting station 
program assigns two bit combinations 
(characters) as start of text (STX) 
characters. One character is an STX 0 
character, and the other character is 
an STX 1 character. 

The transmitting station inserts the 
STX 0 preceding the text of the message 
for all even-numbered messages, and it 
inserts the STX 1 preceding all odd­
numbered messages. 

The receiving station receives a 
message, and the program analyzes the 
STX character to determine if it is an 
odd or even STX character. 

By preceding each message with an STX 
character that is alternated (odd or 
even), the receiving station has an 
additional checkpoint to ensure that a 
complete record vIas not lost during 
transmission. The following illustrates 
tvlO messages as they appear in the 
transmitting station core storage, using 
the above procedure. 
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The STX characters are not confined 
to any particular bit combination. The 
bit combinations selected by the user 
for STX characters can be any bit 
combinations except the bit combinations 
selected as UCSTR control characters. 

Responses to Messages 

UCSTRoperations do not require the 
receiving station to send a response 
message for each message it receives. 
However, a good line-control procedure 
should include enough response messages 
to ensure that a "line disconnect" will 
be detected before a large volume of 
data is transmitted. 

If the transmitting station is using 
an odd/even record identification, the 
receiving station should also send 
responses that identify each correct 
message as an odd or even record. The 
odd/even record identification provides 
a more positive method for the transmitting 
and receiving stations to reference a 
particular record. The following 
illustrates two response messages as 
assembled in the receiving station core 
storage. 

lACK llml 
lACK 01 ml 

The ACK land ACK 0 characters selected 
by the user can be any bit combinations 
except the bit combinations used as UCSTR 
control characters. 

A character should be assigned as a 
negative response (NAK). This character 
is used by the receiving station to 
inform the transmittinq station (via a 
response message) that-an error (CRC,LRC 
or VRC error) occurred during a record 
transmission. 

The character selected by the user 
as a NAK character can be any combination 
of bits except the bit combinations used 
as UCS'l'R control characters. 

A response message can take one of 
several forms. It can be a simple 
acknowledgment, a message returned for 
the message received, or a more complex 
message acknowledging the receipt of 
multiple-message blocks. 

Simple acknmvledgments or message­
for-message .responses are sent by the 
receiving station on a one-for-one basis. 
This means that the receiving station 
sends a response message to the 
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transmitting station for each message 
received. The following illustrates 
illustrates the message-for-message 
response. 

I Data Message I ETB I 

'rhe more complex response message 
that acknowledges the receipt of multiple­
message blocks is a message comprised 
of an acknowledgment (good or bad) for 
each message received. After the receiving 
station receives a message and makes the 
CRC or LRC check, the receiving station 
program must start to "build" a response 
messaqe that ~lill indicate the status 
of each message received. 

After all message blocks have been 
received, the receiving station sends 
the response message to the transmitting 
station. The transmitting station program 
must analyze the message to determine 
which message blocks (if any) were not 
received correctly at the receiving 
station. Any message blocks that were 
not received correctly must be 
retransmitted. The following illustrates 
a response message containing six bytes 
that acknowledge the receipt of six 
message blocks. 

The response message, as assembled 
in core storage and shown above, shows 
that all but the second message block 
was received correctly. Hhen the 
transmitting station program receives 
this response message and analyzes its 
contents, the transmitting station is 
informed by the NAK character that the 
second message block must be retransmitted. 

Error Retransmission 

The line-control procedure must provide 
for retransmission of messages in which 
an error occurred during transmission. 

l'Vhen the receiving station receives an 
error message (CRC, LRC, or VRC error), 
the receiving station sends a NAK response 
message to the transmitting station. 
The transmitting station receives the 
response message and transmits the 
previous message a second time. The 
receiving station continues to reply 
with a negative response (NAK) until the 
message is received without an error. 

To prevent the two stations from 
remaining in a retransmission "loop", 
the program at one of the stations should 
count the errors. Either the receiving 
station or the transmitting station -
program can count the errors, but normally 
the receiving station should count the 
number of times the error indicator is 
turned on. 

When a predetermined error count 
(determined by the user) is reached, the 
program sounds the audible alarm. 

Terminating Communications 

The line-control procedure should provide 
some means of terminating the data call 
or a means of informing the operator 
that all data has been transmitted. 

Depending on the line-control procedure 
selected, the end-of-transmission can 
be signaled to the receiving station by 
receiving an EOT character, or a unique 
character can be assigned for use as an 
end-of-transmission signal. In the 
latter case the program must analyze 
each message to determine when it has 
received the end-of-transmission character. 

If the communications facility has 
the unattended answer feature, the data 
call can be terminated by the program 
executing an automatic-disconnect 
instruction. 

CONTROL CHARACTERS 

The UCSTR requires three control characters 
(sync, ETB and EOT) that are assigned 
by the user. In transparent mode, another 
control character (DLE) with a fixed bit 
combination is used. 

In selecting the bit combinations for 
the sync, ETB, and EOT characters, the 
user must assign bit combinations that 
will not occur as data when the basic 
UCSTR mode (full binary minus three) 
is used. The sync character must be 
selected as described in Control Field. 
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When transmitting in transparent mode 
the user must consider the possibility 
of a DLE-ETB or DLE-EOT combination 
occurring as data. If these combinations 
can occur as a part of the data message, 
they must be either split apart by the 
program or transmitted in transparent 
mode with the response bit off, thereby 
controlling the ending sequence by a 
transparent byte count. 

In addition to the UCSTR control 
characters, the user can assign other 
characters as program control characters. 
Since the UCSTR recognizes only its three 
control characters, any other character 
designated as a control character must 
be recognized under program control. 

LINE CODES 

The UCS'l'R can transrait and receive in 
any eight-bit, seven-bit, or six-bit 
line code. THE UCSTR does not provide 
any code translation. Any code translation 
that is required must be done by the 
program. 

If the UCSTH. is operating with another 
station that is code insensitive, any 
line code can be used, but if the UCSTR 
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is operating with a station that is 
sensitive to only one code, a translation 
to the proper code must be made by the 
system/360 Hodel 20 program. 

If UCSTR operation is being "tailored" 
to a specific line format that includes 
control characters or sequences, the 
control characters or sequences must be 
accumulated as part of the CRC or LRC 
character unless they can be ignored or 
LRC subtracted. 

When a large volume of numeric data 
is to be transmitted, the user should 
consider the line efficiency that can 
be gained by using the packed decimal 
format. 

HESSAGE FORMATS 

This section provides some example message 
formats that can be used with the UCSTR. 

Hessage and Acknowledgment Response 

Figure 10 illustrates a message format 
for a message exchange including a 
response acknowledgment message for each 
message transmitted. 

, , 
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Transmitting 
Station 

.-- ENQ ETB 

- STX 1 Data 1 ETB 

- STX 0 Data 2 ETB 

- STX 1 Data 3 ETB 

- STX 1 Data 3 ETB 

- STX 0 Data 4 EOT 

ACK 0 ETB 

ACK 1 ETB 

ACK 0 ETB 

NAK ETB 

ACK 1 ETB 

ACK 0 EOT 

Receiving 
Station 

Figure 10. Hessage and l\cknowledgment 

1. The transmitting station sends an inquiry (ENQ) message to the 
receiving station. 

2. The receiving station program analyzes the message, determines that 
the message Is an ENQ, and sends an ACK 0 message to the trans­
mitting station. The ACK 0 message informs the transmitting slation 
that the receiving station is ready to receive the first data message. 
(If the receiving station is not ready to receive data, the response 
message would be NAK ETB.) 

3. The transmitting station sends the first data message. The first data 
message Is preceded by on STX I, identif; cation character. 

4. The receiving station receives the first data message, determines that 
it is correct, and sends an ACK 1 message to the transmitting station. 
The ACK 1 informs the transmitting station that the message was 
received correctly. 

5. The transmitting station sends the second data message. The data 
message Is preceded by an STX 0, identification character. 

6. The receiving station receives the second data message, determines 
that it is correc!, and sends an ACK 0 message to the transmitting 
station. The ACK 0 message Informs the transmitting station that the 
message was received correctly. 

7. The transmitting station sends the third data message. The data mes­
sage Is preceded by an STX 1, identification character. 

8. The receiving station receives the third data message, determines that 
an error occurred, and sends a NAK message to the transmitting sta­
tion. The NAK message informs the transmitting station that an 
error occurred during the last message, and the message must be 
retransmitted. 

9. The transmitting station retransmits the third data message. The mes­
sage is again preceded by an STX 1 character. 

10. The receiving station receives the third data message (for the second 
time), determines that it is correct, and sends an ACK 1 message to 
the transmitting station. The ACK 1 message informs the transmitting 
station that the message was received correctly. 

11. The transmitting slation sends the last data message (EOT ending char­
acter). The message is preceded by an STX 0, identification charac­
ter. 

12. The receiving statian receives the fourth data message, determines 
that is was correct, determines that an EOT was received, and sends 
an ACK 0 followed by an EOT. Receiving the EOT informs the 
receiving station that the last message has been received. When the 
transmitting station receives the message, it is informed that the last 
message was received correctly and that the operation can be termi­
nated. 
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Hessage and HessaCje Response 

Figure 11 illustrates a message format 
for a message exchange including a message 

Station 
A 

, 
- Data Al ETB 

-Data A2 ETB 

- Data A2 EOT 

--- Data B 1 ETB-

--- Data B2 ETB -

--- Data B3 ETB -

--- Data B4 ETB -

--- Data B5 EOT-

Station 
B 

Figure 11. Message and Message Response 
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response for each message transmitted. 
The message from each station mayor may 
not contain an acknO\vledgnent of the 
previous message. 

1. This example shows only the data message exchange between two 
stations operating on a I'I)4Issage-for-message basis. This type of 
message exchange can also include inquiry sequences, message 
identifying characters, and acknowledgment characters as des­
cribed in the section for Line-Control Procedures. 

2. Station A transmits the first data message to station B. 

3. Station B transmits the first data message to station A. 

4. Station A transmits the second data message to station B. 

5. Station B transmits the second data message to station A. 

6. Station A transmits the last data message to station B. Station A 
Informs station B that this is the last data message. by lending the EOT 
character as the ending character. 

7. Station B transmits the third data message to station A. 

8. Station B transmits the fourth data message to station A. (Station B 
continues to send messages to station A until all messages have been 
transmitted.) 

9. Station B transmits the last data message to station A. Station B 
informs Station A that this is the last data message by sending the EOT 
character as the ending character. 

.-._--_.-.. _-_ ... __ .. _-----
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Multiple Hessages and One Response 

Figure 12 illustrates a message format 
for a message exchange including several 
messages sent by the transmitting station 
and one response message sent by the 
receiving station. 

Transmitting Receiving 
Station Station 

i-- Dato 1 ETB 

i-- Data 2 ETB 

r- Data 3 ETB 

i-- Data 4 EOT ---------~ 

ACK NAK ACK ACK ETB 

_ Data 2 EOT --------+-1 

ACK EOT 

Figure 12. Hultiple I1essages and Response 

Multipoint Operation 

Multipoint operation can be with or 
without the terminal address recognition 
feature. Nithout the terminal address 
recognition feature, the program must 
provide for terminal address recongition 
(See Multipoint Facilities). The format 
of the message exchange can be any of 
those previously described • 

1. This example shows only the data messages and response messages for 
a UCSTR operation that transmits multiple message blocks and receives 
a single response message indicating the status (good or bad) of each 
message transmitted. This type of message exchange can also include 
inquiry sequences, message identifying characters, and acknowledg­
ment characters as described in the section for Line-Control Proced­
ures. 

2. Transmitting station sends the first data message. 

3. Transmitting station sends the second data message. 

4. Transmitting station sends the third data message. 

5. Transmitting station sends the fourth data message. The EOT ending 
character informs the receiving station that all messages have been 
transmitted. The receiving station records the status of each message 
received. 

6. The receiving station sends a response message to the transmitting 
station. All messages except the second message were received cor­
rectly. The response message informs the transmitting station that the 
second message must be retransmitted. 

7. Transmitting station retransmits the second message. The EOT ending 
character informs the receiving station that this is the last message. 

8. The receiving station receives the message correctly and sends the 
response message to the transmitting station. The operation is ended 
by the transmitting station receiving an EOT ending character. 
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APPENDIX A. UCSTR TIMING 

The following is the average CPU time, in microseconds (usee), required to 
execute the instructions associated with the UCSTR feature. 

Instruction 

Transmit-record XIO 
Receive-record XIO 
Test busy TIOll 
Test error TIOll 
Test receive EOT TIOll 
Test time-out response TIOll 
Test ring indicator TIOll 
Set-to-receive-mode (transfer complete control 
field) CIO 
Set-to-receive-mode (transfer control 
byte only) CIO 
Set-to-transmit-mode (transfer complete control 
field) CIO 
Set-to-transmit-mode (transfer control 
byte only) CIO 
Inhibit-time-out-response CIO 
Inhibit-audible-alarm CIO 
Set-audible alarm CIO 
Nullify-transfer-instruction CIO 
Automatic-disconnect CIO 

Til'le Required 

200usec 
205usec 
l20usec 
l20usec 
l20usec 
l20usec 
l20usec 

l80usec 

l4Susec 

l70usec 

l35usec 
l20usec 
l20usec 
l20usec 
l20usec 
l20usec 

The following is the average CPU time required in microseconds (usec), to service a 
UCSTR service request. This information can be used to determine system timings 
in the time-shared mode. 

UCSTR Function Time Required 

Transmit service request (not transparen t with CRC checking) lO5usec 
Transmit service request (not transparent with LRC checking) llSusec 
Transmit service request (not transparent with VRC checking) lOOusec 
Transmit service request (not transparent with LRC/VRC checking) l2Susec 
Transmit service request (transparent with response on) 9Susec 
Transmit service request (transparent without response on) 9Susec 
Receive service request (not transparent with CRC checking) llSusec 
Receive service request (not transparent with LRC checking) l30usec 
Receive service request (not transparent with VRC checking) l2Susec 
Receive service request (not transparent with LRC/VRC checking) l35usec 
Receive service request (transparent) 95usec 
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Acknowledgment Response, Message 
Acknowledgment and Message Diagram 
Addressing 

Direct 8 
Effective 8 
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Audible Alarm, Inhibit 22 
Audible Alarm, Set 22 
Auto-Answer/Wai~ Switch 25 
Automatic Disconnect 23 
Awaiting-Reply Indicator 26 

Basic Mode 2 
Basic Mode of Operation 
Busy Indicator 26 
Busy, UCSTR 19 

14 

Central Processing Unit 4 
Channel End Conditions 18 
Channel Mask Bit 18 
Character Phase Indicator 26 
Characters, Control 37 
Check Indicators 27 
Check Indicator Summary 27 
Check Stop Indicator 28 
Checking, Parity 5 
Codes 

Condition 18 
Line 38 
Transmission 2 

Communications 34 
Facilities 1, 11 
With IBM Equipment 3 
With Non-IBM Equipment 3 
Terminating 3 

Condition Codes 18 
Available (A) 19 
High-Speed UCSTR 19 
Not Operational (N) 19 
Working (W) 19 

Configurations 
Multipoint 1 
Point-to-Point 1 

Console 24 
Control Byte 12 
Control Characters 11, 37 

Transparent 11 
Control Field 11 
Control I/O 21 
CPU Main Storage 4 
CRC or LRC Error 19 

38 
39 

Cyclic Redundancy Checking (CRC) 13 

Data Format, Program Instructions 18 
Data Formats 5 
Data Indicator 28 
Data Set Ready Indicator 25 
Decimal Number 5 
Direct Addressing 8 
Disable Interrupt 18 
Disconnect, Automatic 23 

Effective Addressing 8 
End~of-Block (ETB) Character 11 
End-of-Transmission (EOT) 11 
EOT 11 
EOT Byte 12 
Error Checking 13 

Transmission 2 
Error Retransmission 37 
Establishing Communications 34 
ETB 11 
ETB Byte 12 
Explicitly Addressed Operands 9 

First Message, Sending 35 
Fixed-Length Logical Data 6 
Formats 

Data 5 
Instruction 6 

RR 6 
RX 6 
SI 6 
SS 6 

Message 38 
Full Transparent Mode 2 

General Registers 5 

Halfword Binary Number 5 
High Speed, Special Feature 

Identifying Records 36 
Immediate Operands 9 
Indicator Lights 25 
Indicator 

Check Summary 27 
Ring 20 

Indicators, Check 27 
Check Stop 28 
Data (CRC or LRC Error) 28 
Interlock 28 
Processor 27 
Record 28 
Test Pattern 28 

Indicators, Status 25 
Awaiting-Reply 26 
Busy 26 
Character Phase 26 
Data Set Ready 25 
Line-Receive 27 
Line-Transmit 27 
Odd 27 
Ready 26 
Receive EOT 27 
Receive-Run 27 
Receive TEL 27 
Send-Run 27 

Information Positioning 7 
UCSTR 8 

Inhibit Audible Alarm 22 
Inhibit Response Time-Out 23 

28 
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Input/Output Instructions 
Control 21 
Transfer 23 

Input/Output Units, Model 20 
Instruction Format 6 
Instruction Timing 42 
Integral Boundaries 7 
Interlock Indicator 28 
Interrupt 10, 17 
Interrupt Conditions, UCSTR 
Invalid Sync Characters 

Keys and Switches 24 
Auto-Answer/Wait 25 
Operation 25 
Speed Select 25 
Start 24 
Stop 25 

13 

30 

18 

Keys, Lights, and Switches Diagram 24 

Lights, Indicator 25 
Line Codes 38 
Line-Control Procedures 34 
Line-Receive Indicator 27 
Line-Transmit Indicator 27 
Logical Data 

Fixed-Length 6 
Variable-Length 6 

Longitudinal Redundancy Checking (LRC) 
LRC Check, Special Feature 29 
LRC or CRC Error 19 
LRC Subtract Field 13 

Main Storage, CPU 4 
Message and Acknowledgment Diagram 
Message and Acknowledgment Response 
Message and Message Response Diagram 
Message Formats 38 
Message Polynomial 3 
Messages, Responses to 36 
Model 20 Input/Output Units 30 
Model 20 Units 4 
Modes 

Basic 2 
Full Transparent 2 
of Operation 2, 14 
Response 2 
Set to Receive 
Set to Transmit 

21 
21 

39 
38 

40 

Multiple Messages and Response Diagram 
Multipoint 

Configuration Diagram 
Configurations 1 
qperation 41 

Nullify Transfer 22 

Odd Indicator 27 
Operands 8 

Explicitly Addressed 9 
Immediate 9 

2 

in Registers 9 
Operation, Modes of 2, 14 
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Operation, Multipoint 41 
Operation Switch 25 
Operations, UCSTR 34 
Overlapping Input/Output Operations 

Packed Decimal 5 
Parity Checking 5 
Point-to-Point Configurations 
Processor Indicator 27 
Program Instructions 18 
Program Status Word (PSW) 

Ready Indicator 26 
Receive 

EOT 20 
EOT Indicator 27 
Record 24 
TEL Indicator 27 

Receive-Run Indicator 
Record Indicator 28 
Record Length 13 
Registers, General 5 
Response 

Mode 2 
Time-Out 20 
Time-Out, Inhibit 

Responses to Messages 
Retransmission, Error 
Ring Indicator 20 
RR Format 6 
RX Format 6 

27 

23 
36 
37 

Sending The First Message 
Send-Run Indicator 27 
Set Audible Alarm 22 
Set to Receive Mode 21 
Set to Transmit Mode 21 
SI Format 6 

9 

35 

Six-and Seven-Bit Level Code, 
Special Feature 29 

Spec-ial Feature Summary 
Special Features, UCSTR 
Speed Select Switch 25 
Speeds, Transmission 2 
SS Format 6 
Start Key 24 
Status Indicators 
Stop Key 25 
Switches 25 
Switches and Keys 

Auto-Answer/Wait 
Operation 25 
Speed Select 
Start 24 

25 

Stop 25 

25 

24 
25 

30 
28 
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Switches, Keys, and Lights Diagram 
Sync 11 
Sync Byte 12 
Sync Characters 

Invalid 13 
Valid 13 

Synchronization 

11, 13 
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Synchronization (Sync) Character 11 
System Configuration, Diagram 4 

Terminal Address Recognition, Special 
Feature 29 

Terminating Communications 37 
Test I/O and Branch Instructions 19 
Test Pattern Indicator 28 
Time Sharing, UCSTR 9, 14 
Timing 

Instructions 42 
Service Request Function 42 

Transfer Input/Output Instructions 23 
Transmission 

Codes 2 
Error Checking 2 
Speeds 2 

Transmit Record 23 
Transparent 

Control Characters 11 
Mode of Operation 15 
With Response 16 
Without Response 15 

UCS.TR 
Busy 19 

Feature 11 
Information Positioning 8 
Operations 34 
Special Features 28 
Time Sharing 9, 14 
Timing, Appendix A 42 

Valid Sync Characters 13 
Variable-Length Logical Data 
Vertical Redundancy Checking 
VRC Check, Special Feature 

Zoned Decimal 5 

6 
(VRC) 
29 

14 

1403 Printer, Models 2, 7, and Nl 32 
1419 Magnetic Character Reader 33 
1442 Card Punch, Model 5 30 
2203 Printer 31 
2311 Disk Storage, Models 11 and 12 32 
2311 Disk Storage Characteristics 33 
2415 Magnetic Tape Drive and Control 
Unit 32 

2501 Card Reader, Models Al and A2 30 
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2560 Multi-Function Card Machine 31 
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