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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 M24418

Six-bit and seven-bit level code M24421
Longitudinal redundancy check

(LRC) M25019
Vertical redundancy check (VRC) 834533
Terminal address recognition 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
Library 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 comments.

This manual was prepared by the IBM Systems Development Division,

Product Publications, Dept. 455, Bldg. 014, San Jose, California 95114,
Send comments concerning the contents of this manual to this address.

© International Business Machines Corporation, 1967
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The universal code synchronous transmit-
receive (UCSTR) feature provides a means
of communication that is independent of
the transmission code used. The UCSTR
is designed for flexibility, allowing
communication in several modes of
operation.

COMMUNICATION FACILITILES

Private line or switched (dial-up)
communications facilities may be used
to implement UCSTR operation. These
facilities can be obtained from
communications common carriers or, if
equivalent to the common carrier
facilities, they may be customer provided.
The communication facilities must provide
for either half-~duplex nessage 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. Illessage transmission
for either two-wire or four-wire facilities
is in only one direction at a time.

For UCSTR operations, the communications
configuration can be designed for either
a point-to-point or multipoint operation,
depending on the requirements of the
user., The specific data set equipment
used at each channel termination point
(station) is determined by the type of
communications channel as well as the
operating speed of the terminal equipment
located at each station.

Point-to~Point Configurations

When 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), message exchanges are always
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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-Compatible UCSTR-Compatible
Terminal Terminal
Data Set Data Set

S
-

Data Set

i i

Communications
Common~Carrier
Switching
Facility

L
—

Data Set

System/360 Model 20
UCSTR

System/360 Model 20

UCSTR or
UCSTR-Compatible
Terminal

Figure 1. Point-to-Point Configuration

Multipoint Configurations

When operating on a multipoint basis
(Figure 2), all message exchanges are
between a master station and one or more
remote stations. Control of message
exchanges is performed by the master
station. All message exchanges are
initiated 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 (EOT)
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.
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Full Transparent Mode

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 Mode

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.

TRANSMISSION CODES

Messages 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.

TRANSIHISSION ERROR CHECKING

The cyclic redundancy check (CRC) is the
basic transmission error checking method
of the UCSTR. The cyclic redundancy
check is accomplished by an arithmetic
accunmulation 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,

“~



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 set
(exteréié clocking). I R
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COMMUNICATIONS WITH IBM EQUIPMENT
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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 M243802).

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-1IBM 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 twe 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:

X16 +x15 +x2 +3 I

Eight-Bit
Seven-Bit XM +xX13+x5+x3+x2+1
Six-Bit X124 x1T+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 (ASA). As an
example, the UCSTR uses a DLE-sync
as an idle character rather than a
Sync sync.

Introduction 3



IBM SYSTEM/360 MODEL 20 UNITS

The UCSTR feature can be installed on
an IBM 2020 Central Processing Unit that
has the prerequisite feature:
comnmunications 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 Model 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 IBM 2020
Central Processing Unit. For a more
complete illustration of IBX Systen/360
Model 20 units and features, refer to
the Systems Reference Library publication
- IBM System/360 Model 20 Configurator
Form A26-3572,

IBM 2020 CENTRAL PROCESSING UNIT

The IBi 2020 Central Processing Unit
(CPU) operation is unchanged by the
addition of the UCSTR feature. The UCSTR
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 INFORMATION

Main 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.

Figure 3.

IBM System/360 Model 20 Units
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Coded combinations of bits within a byte
can represent alphabetic, numeric, binary,
or logical data.

U xx]x]x]«]

byte =8 bits

Main 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 Registers

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 halfword) 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.

The registers are numbered 8-15 and
are selected by the four-bit R- or B-
field of an instruction.

Parity Checking

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
parity bit is added during transfer, if
it is needed, to maintain an odd number
of bits., The bit count is monitored
continuously, and any missing or extra
bits which result in an even number of
bits cause a CPU parity error.

Data Formats

The basic unit of addressable data is

an eight-bit byte. Each address contains
eight bits of data and can be considered
a byte boundary,

The byte 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 ) I
0 1 15

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
numeric digits to be stored within one
eight-bit byte.

byte byte byte

—— i i e

. 4 ;
| digit ldigif I digit I digit/l digit I sign ]

29182

An eight-bit byte may contain two
numeric digits, except in the case of
the rightmost byte, which has a sign to
the right. Variable field lenath in
this format allows for fields up to 16
byvtes in length.-

Zoned Decimal: This- -format contains one
digit in the rightmost four positions
of each byte.

[ zone,l digit l zone I digit J sign Idigit ]

byte byte byte

Model 20 Units
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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

Logical Data

0 7

Variable-Length Logical Data

Cow T 1 o]

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 SS.

RR Format: Denotes a register-to-register
operation.

RX Format: Denotes a register-to-storage
or a storage-to-register operation. 1In
this format, bits 12 through 15 must be
zero.,

SI Format: Denotes a storage-immediate

operation., 1In this format the I2 field
of the instruction is the second operand.
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SS Format: Denotes a storage-to-storage

operation.

Byte 1| Byte

First Halfword

Second Halfword Third Halfword

2

Register Register
Operclxnd 1 Operfnd 2

| — A e e,

o8 Formar £2C%e[ ®1 | 5 |

l Register
, Operand 1

— .

I
o 78 1112 15 I
I
I

Address
| Operand 2

78 1112 1516 1920 31

| I Immediate l Address l

I | Operand |

Operand 1 |
e e E——

S| Format k)pCodeI 12

[0 [ o |

o 78

1516 1920 31

l | Length I Address I Address

Operand 1 Operand 2 Operand 1 |
e e —

l

I
|
|
|
RX Format prodel Ry IOOOO I R2 [ D2 ] }
0
|
|
|
|
|

Operand 2

o]

SS Format IOpCode

L2IB||

[} 78 1112 1516 1920

In each forma
halfword consist
first byte conta
(op code). The
instruction are
two bits of the
second byte may
specify operand
registers to be

o fu]| o |
31 47

t, the first instruction
s of two parts., The

ins the operation code
length and format of an
specified by the first
operation code. The

be used to contain data,
lengths, or specify

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, R1, 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




wl

replaces operand 1. Upon the execution
of certain instructions, a condition
code, which reflects the nature of the
result, is set into the PSW.

Subsequently, the updated address in
the PSW 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
two 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,

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 implied
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 numbered from left to
right, starting with bit number 0.

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

Binary 19000(0001/0010]0011{0100{0101{0110/0111{1000{1001{ 1010
Address
[ ) A A |
Byte [Byte|Byte |Byte |Byte |Byte | Byte |Byte |Byte |Byte |Byte PBZ:; daries
)
‘ Halfword
alfwi
Halfword | Halfword | Halfword | Halfword | Halfword X Boundaries
1

Figure 4. Integral Boundaries
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UCSTR Information Positiohing

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 high-order bit in the B~
field of an instruction is zero.

B-field
4 bits

D-field
12 bits

I
[OX XX | XXXXXXXXXXXX|
T e ——

I————-———> Direct Address

(up to 16383)

= 0 Indicates Direct
Addressing

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

8 System/360 Model 20 UCSTR (RPQ)

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
1s used when the high-order bit in the
B-field of an instruction is one,

D-field
12 bits

B-field
4 bits
[Pxxx | xxxxxxxxxxxx|
N e e —

l'——b Displacement

— Base Register
Address

o | Indicates Effective
Addressing

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 0s in either the general
register specified, or 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, operands can
be grouped in three classes: explicitly
addressed operands in main storage,

_'y‘
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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 B1l-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/0 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/0 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

When operating at speeds below 4800 bits
per second, the UCSTR time-shares its
operation with all Systemn/360 lodel 20
input/output devices. When operating,
at Sﬁm?ds above 480Q$§%ts per. second the
U,Qm_r.z.mamshare,s only.with the.2020.
Central _Processing Unit and the 1403
buffer grlnter. SK

A

of

Program Status Word

The program status word (PSW) 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 PSW by means of a set PSW
instruction. The PSW has a fixed-length
format of two halfwords.

T ]
[ cci LS p.A 1 Es. Instruction Address |
0123 4567 8 1112 1516 31
0-1  Not used
2-3, Condition Code
4-5  Not used
6 * ASCIl Mode Bit

7 Channel Mask

8-11 Device Address

12-15 Function Specification
16 =31 Instruction Address

* American Standard Code for
Information Interchange

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 PSW is called the "current
PSW."

By storing the current PSW during an
interrupt, the status of the CPU can be
preserved for subsequent inspection.

By loading a new PSW or part of a PSW,
the state of the CPU can be initialized
or changed.,

Model 20 Units 9
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When the current PSW is stored during
an input/output interruption, the status
of the CPU and the next sequential address
are preserved for use after the
interruption is serviced. An instruction
to load a new PSW is equivalent to an
unconditional branch to the instruction
address contained in the new PSW.

Operation of the program load key or
system reset key causes the condition
code (BIts 2=3), the ASCII mode bit (bit
6) , and the channel mask bit (bit 7) of
the current PSY to be reset to 0.

INTERRUPTION

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

10 System/360 Model 20 UCSTR (RPQ)

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 PSW 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 PSW. 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 PSW. The entire
exchange of the program status words
(PSWs) is fully automatic; however, the
channel mask bit in the PSW, 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 1; it is
not interruptible if the channel mask
bit is 0. The channel mask bit is 0
when the CPU is in a reset state.




GENERAL INFORMATION

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 IBM System/360 Model 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 Model 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 special feature, 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 (ETB) character

Is one of two ending characters used by
the UCSTR. This character is used to
define the end of a message block. When
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,

EQOT: 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 program. The ending characters

in transparent mode are two characters
that form a l6-bit ending character.,

The end-of-block character is DLE-ETB,
and the end-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 the entire control field (five bytes)

or the control byte (see Control Byte) to the UCSTR feature. If the transfer "
to the UCSTR feature when a set-to- control bit is a one the entire five- 4;3
transmit or set=-to=-receive instruction byte control field is transferred when A
is executed. a set-to-transmit or set-to-receive .
The program addresses the control instruction is executed. If the transfer
field by addressing the high-order byte. 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
Control ETB EOT SYNC LRC Subtract set-to-receive instruction, the transfer Y
Byte Byte Byte Byte - Field control bit must be set to 1 so that the
0 70 70 70 7 70 7 complete control field is transferred.
(25151 ] The complete control field must be
ET transferred when the system has been A
"powered up" or if the system reset key -
has been pressed. For subseguent set- '
Control Byte to-transmit or set-to-receive instructions,
the transfer control bit can be set to
The control byte is used to control UCSTR 0. If a control character is to be N
mode of operation and to indicate the redefined (different bit configuration)
number of sync characters that will be by the program, the entire control field
emitted by the transmitting unit. The must be transferred to the UCSTR feature.
following illustration shows the purpose
of each bit in the control byte. Sync Count: These three bits (bits 5-7)
indicate the number of sync characters

(2-7) that the UCSTR will automatically
send preceding each message block.

0 7
1 1 1 1 1 1 1 | ETB B t )
- Sync Count 1 yte
Sync Count 2 This byte contains the bit configuration
Sync C 4 ' defined by the user as the ETB character,
yne Count The ETB byte defined for the transmitting
Transfer Control and receiving stations must be the same
Not Used bit configuration,
Transparent Operation
response EOT Byte
This byte contains the bit configuration
defined by the user as the EOT character.
) . . The EOT character defined for the
Response Bit: The response bit (bit 0) transmitting and receiving stations must
places the UCSTR in response mode, be the same bit configuration.

Response mode allows the UCSTR to
automatically set to receive after a
message block has been transmitted.

Thus, a single XIO transmit record Sync Byte
instruction initiates the transmission
of a message block and the receiving of This byte contains the bit configuration .
a response. See Program Instructions. defined by the user as the sync character. -
The sync character defined for the .
Transparent Operation: The transparent transmitting and receiving stations must -
operation bit (bit 1) places the UCSTR be the same bit configuration. Bt
in the transparent mode of operation. The sync character selected must have
See Transparent Mode. four transitions from space to mark or
mark to space. If the 0-bit position -
Transfer Control: The transfer control contains a bit, the 7-bit position nust
bit (bit 4) provides the program the contain a no-bit. The sync character
means to transfer the control byte or should not be a repeating pattern of
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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

1 Character Time

Invalid Sync Characters

LRC Subtract Field

The LRC subtract field (byte) is used

in conjunction with the LRC special
feature. When the UCSTR communicates
with a non-IBM communications device
that uses LRC checking, the UCSTR
accuniulates 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).
LRC subtract field is subtracted from
the accumulated LRC in the UCSTR prior
to transmitting (or receiving) the LRC
character.

The

Synchronization

Before a message exchange can occur, the
transmitting station and the receiving
station must have their timing circuits
synchronized with each other. The 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
{(CRC). 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). The
transmitting station sends the CRC
character immediately after it sends the
ending character or sequence. The
receiving station subtracts the CRC
character from the CRC character
accumulated in the receiving station.

If the lengitudinal redundancy check

(LRC) feature is installed, the UCSTR

can perform either a CRC or an LRC check
under control of a switch provided by

the LRC feature (See UCSTR Special
Features.)

LRC or VRC checking is not required
or possible when the CRC checking is
used or when transparent mode is used.

A CRC or LRC error turns on a UCSTR
error indicator that can be tested by a
test I/0 and branch (TIOB) instruction.
The error indicator is turned on when
the CRC (or LRC) check is made at the
end of a receive operation,

13
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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
either 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.

N . = /; 55:“
UCSTR Tlme—Sharln:é{/,,YM¢1A;fy,

At speeds of 4,800 bits per éecond and
below, the UdgTﬁmﬁThe—sharzgiits operation

with all System/360 Model input/output
units. At speeds above 4,800 bits per
second, the UCSTR time-shares its operation
only with the CPU and the 1403 buffered
printer.

MODES OF OPLRATION

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

Basic 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

[1[B{m[ETB)

Message Transmitted
by the UCSTR

ISYNCISYNCIIIB|M]ETB|CRC IlCRC 2lPAD|

Message in Receiving
Station Core Storage

IEMER

The preceding illustration shows a message
block consisting of three message
characters and an ending character. The
UCSTR precedes the message with two (up

to seven) sync characters. Immediately
following the ending character, the UCSTR
automatically sends the 1l6-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 Model 20 core storage by
the UCSTR.




Message in Transmitting
Station Core Storage

[1[B[m]ETB]

Message Transmitted

[syncsyNclifsyNc]B[METB[CRC 1]CRC 2[PAD]

Message in Receiving
Station Core Storage

[([B[M[ETS]

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 (may or 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.,
see UCSTR Operation,

Transparent Mode

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. The 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 lé6-bit
ending sequence. Since the ending
sequence in transparent mode is DLE-ETB
or DLE-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
DLE character for each DLE character in
the message. The extra DLE is used to
control UCSTR operations in transparent
mode, but the extra DLE is not entered
into core storage at the receiving
station. (See Transparent without Response
and Transparent with Response.)

For specific response operations

Transparent Without Response v

Transparent mode without automatic
response is 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, DLE, DLE-
ETB, and DLE-EOT). This type of operation
is accomplished by using a byte count
in the B2-D2 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 DLE-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

| A]pLe[syNc]spLe]eTs|c[oLe]ETe|

Message Transmitted

by the UCSTR ——Byte Count =0

[sync]synclaoLe[pLe]synclspLe]pLe]ers[c|pLe|eTacre 1jcRC 2JpAD|

Message in Receiving
Station Core Storage

[AlpLefsyNc]s]pLe[eTe]c|pLE[ETB]

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 (DLE-ETB 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 DLE 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 DLE in the message controls the
receiving station ending transfer
operation. The receiving station stores
the first of each pair of DLE 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 LOT). The transmitting
station ending sequence is a single DLE
(instead of a pair) followed by an ETB
or EOT. The receiving station recognizes
the single DLE followed by an ETB or EOT
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 allows 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 scguence
inserted) as placed on the transmission
line, and it shows the portion that is
stored in System/360 Model 20 core storage
by the UCSTR.

Message in Transmitting
Station Core Storage

DOEGEEED

Message Transmitted

[sync]sync]aJoLe]syNncs]pLe]pLE[pLE]ETs]cre 1fcre 2]pAD]

Message in Receiving
Station Core Storage

A[BIDLE[DLE]ETB
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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

|alsyNc|oLe[leoT|eTa|DLE]ETB]

Message Transmitted
by the UCSTR

[sync]sync]a]sync]pLe]pLe[s[eoT]eTs[pLE[ETB[CRC 1{CRC 2]PAD|

Message in Receiving
Station Core Storage

|a]sync|pLe[s]eoT]ETB|DLE]ETB]

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 same
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

(‘*
&




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 Model 20 to service an
interrupt.

Message in Transmitting
Station Core Storage

| AlB|DLE[DLE]ETB

Message Transmitted

[syNcfsyNclalpLe[syncs[pLe[pLE]DLE[ETB]cRC cRC 2[PAD]

Message in Receiving
Station Core Storage

A[B[DLE[DLE|ETB]
Interrupticn

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 programmed branch
instruction. In the System/360 iodel 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 between the
input/output devices and main storage
in the CPU is asynchronous with respect
to processing operations. Thus, the
channel end condition of an input/output
data transfer operation may occur at any
time 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 0.
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.

(The 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. When one
or more end conditiocns 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 PSW in fixed
main-storage location 144 and obtaining
a new PSW from another fixed main-storage
location (148) before the program
continues. Since the new PSW contains
the address of the next sequential
instruction, the interrupt is equivalent
to a branch operation. The PSW stored
in main storage location 144 is referred
to as the old P5W,

The old PSW (stored at main storage
location 144 when an interrupt occurs)
contains the device address of the I1/0
device which caused the interruption
(bits 8=11), the primary function which
the device was performing (bits 12-15),
the address of the next sequential
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 MFCM,

The following is a list of device
addresses and function specifications
contained in bits 8 to 15 of the old P3W
stored at main-storage location 144 when
an interruption due to the corresponding
channel end condition occurs. The list
is in the priority sequence for these
interruptions.
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Channel End Condition DA FS PROGRAM INSTRUCTIONS

™y
1419 Read 0110 0110 (,
2501 Read Card 0001 0010 Transfers of information to main storage
2520 or 2560 Read Card 0010 0010 from the UCSTR and from main storage to
1403 or 2203 Print 0100 0000 the UCSTR are referred to as input/output
UCSTR Receive or Transmit 0101 0110 operations., There are three types of
2560 Punch Card 0010 0100 instructions for input/output operations:
1442 Punch Card 0011 0100 transfer, control, and test I/O and
2560 Write Card 0010 0000 branch instructions. ,
2520 Punch Card 0010 0100 A transfer instruction (XIO) controls Lt
Input/Output Channel 0111 0000 the transfer of data between main storage ’

and the UCSTR.
A control instruction (CIO) directs .
the UCSTR to perform a specified function; s

The channel mask bit in the new PSW e.g., set-to-transmit, or set-to-receive. -
(obtained from main-storage location A test I/O and branch instruction
148) may be used to disable further (TIOB) causes an inquiry to the UCSTR
interruptions in the routine which begins for a particular condition (e.g., busy, -
at the next sequential instruction address response time=-out, etc); if the tested
specified in the new PSW. As a means indicator is on, the program branches
of returning to the point in the program to the specified address.
at which the interruption occurred, a If the time=-sharing switch is on,
set PSW instruction, in which the specified processing operations in the CPU are
address is 144, may be used as the last time-shared with the transfer of data
instruction in the routine. 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

UCSTR Interrupt Conditions accept the input/output data. See UCSTR
time-sharing.

The following functions cause a UCSTR

interrupt condition: Data Format
Input/output data is located in eight-
1. An end condition when an XIO transmit- bit bytes in main storage in variable-
record instruction has been executed length fields. Data for the seven-bit
with the response bit off. level operation is positioned in the
low-order seven bits (1-7) of each core
2, An end condition when an XIO receive- storage byte. Data for the six-bit level
record instruction has been executed. operation is positioned in the low order
six bits (2-7) of the core storage byte.
3. An end condition when a response- Input/output data may be in the zoned,
message ending character or sequence binary, or packed format.
is received as a result of an XIO No code translation is required for
transmit-record instruction being UCSTR operation. The UCSTR transmits
executed with the response bit on. the bit configuration contained each
(The interrupt condition is not set byte of the transfer field, and when
after the transmit operation if the receiving; the transfer field receives
response bit is on.) the same bit configuration that is
4. A response time-out has occurred. received by the UCSTR.

The response time=-out interrupt occurs .
when a receive-record instruction has -

been executed but no data is received Condition Code o
within three seconds, or a transmit- )
record instruction has been executed The status of an I/0 device addressed e
(with the response bit on) but no by a transfer I/O instruction, and under -
response is received within three certain conditions, a control I/0

seconds., instruction, is used to set the condition
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code of the PSW 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/0 device addressed.

Condition Code Status
00 Available (A)
01l Working (W)
10 High=-Speed UCSTR
11 ot Operational (N)

Available: Indicates that the addressed

TI/0 device is operational, does not
contain data or error check conditions,

and is not busy with a previously initiated
operation,

Workings: Indicates that the addressed
I/0 device is executing a previously
initiated operation.

High-Speed UCSTR: Indicates that the
high-speed UCSTR feature is installed
and operating when another I/O device

is addressed, or it indicates that an
I/0 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 same time
as the high-speed UCSTR.,

Wot Operational: Indicates that the
addressed I/0 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/0 device is in the available
state. If an I/0 device which is not a
part of the system is specified, a no-
operation occurs, and the condition code
is not changed.

Test I/0 and Branch

[ oa | p.A. | Fs. | s | D1 |
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The device address (DA) specifies the
I/0 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/0 device is on, the updated instruction
address is replaced by the branch address
derived from the Bl-Dl fields; otherwise,
normal instruction sequencing continues
with the updated instruction address.,

UCSTR Test I/0 and Branch Instructions

UCSTR Busy

The UCSTR busy TIOB instruction is
available after a transmit or receive
record XIO instruction has been issued.
If the UCSTR feature is in a busy condition
when the TIOB instruction is issued, the
updated instruction address is replaced
by the branch address in the Bl-D1 field
of the TIOB instruction. If the UCSTR
feature is not in a busy condition when
the TIOB instruction is issued, normal
instruction sequencing®proceeds.

D | 5 | o | & | DI |
4] 78 1112 1516 1920 31

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 TIOB 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 Bl1-Dl fields
of the TIOB instruction. If no error
exists when the test is performed, normal
program sequencing continues.
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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
Exror 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
Bl-Dl fields of the TIOB instruction.

If the indicator is not on, normal
instruction sequencing proceeds with the
updated address.

[ [ 51 5 [ =
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The receive EOT indicator is reset when
it is tested by a TIOB instruction, If
the receive LOT 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.,

20 System/360 Model 20 UCSTR (RPQ)

l. 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 TIOB instruction,
the updated instruction address is
replaced by the branch address in the
B1-Dl field of the TIOB instruction,
If the indicator is off, normal instruction
sequencing proceeds with the updated
instruction address.

Loa | 5 | 6 | & | DI |
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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. When 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 TIOB 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 B1l=-D1 field
of the TIOB instruction.
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The ring indicator is turned off by an
automatic disconnect CIO instruction.

Control Input/Output Instructions

[ oA | Fs. | & | DI |
(1] 78 1112 1516 1920 31

The device address (DA) specifies the
I/0 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.

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

The Bl-Dl field of the set~-to-receive
and set-to-transmit instructions contains
the address of the core storage location
that contains the first byte of the five-
byte control field.

The Bl-Dl field is not used during
the other UCSTR control I/0 instructions,
but the Bl-Dl 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 Control I1/0

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

Set to Receive HMode
The set-to~receive-mode instruction

conditions the UCSTR for a receive
operation,

[ 5 | o | & | DI |
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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 from
transmit to receive, or when a new control
field byte is to be defined during a
continuous receive mode operation., A
continuous receive mode operation is
when the UCSTR is receiving multiple
message blocks without sendind® any
response messages.,

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

The set-to-receive-mode instruction
is available under the following
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 transmission
for receiving a response or message
in reply to the message transmitted.

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

Set to Transmit Mode
The set-to=-transmit-mode instruction

conditions the UCSTR for a transmit
operation.

[ o | 5 | 1 ] 8 ! DI ]
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This instruction is issued prior to an timer. If this timer is allowed to time

XIO transmit-record instruction to set out, the audible alarm will sound. The oy

the direction of transmission for the timer is started by pressing the UCSTR (

transmitting UCSTR. start key, or by a not busy condition. T
The UCSTR remains in transmit mode (Not busy exists after an end-condition

until a set-to-receive-mode instruction interrupt following a previous XIO.)

is executed, or a transmit-record operation The timer resets with an XIO transfer

has been completed with the response bit instruction,

on. Thus, the set-to-transmit-mode The inhibit-audible-alarm instruction

insgruction is issued only when needed is available prior to issuing a UCSTR

to 'set the initial direction of transmit or receive-record instruction, s

transmission, when the direction of The suppression is cancelled when the ’

transmission is to be changed from receive next UCSTR transmit or receive-record

to transmit, when the response bit is instruction is executed.

on and the UCSTR is ready to send the
next message after receiving a response,

or when a new control field byte is to Nullify Transfer

be defined during a continuous transmit

mode operation. A continuous transmit The nullify-transfer instruction cancels
operation is an operation in which the a previously issued XIO transfer .
UCSTR is transmitting multiple message instruction and turns off the busy

blocks without receiving any responses condition TIOB indicator.

or messages.
A data transfer will not occur until
an XIO transmit-record instruction is

executed. (See Transfer Input/Output

Instruction.) [7 9B l 5 l 4 ' Bl ] D1 ]
The set-to-transmit-mode instruction o 78 1112 1516 1930 31

is available under the following 9508

conditions.

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

2. After the end-condition interrupt of nullify a previous XIO receive-record
an XIO receive-record instruction to instruction. If the receiving spatlon
set the direction to send the next has previously executgd an inhibit-time-
message after receiving a response gut-response lnstrgctlon and §ubsequegtly
or message in reply to the last message i1ssues an XIO rgcglye—record instruction,
transmitted. there is a possibility of a "hang-up"

3. After the end-condition interrupt of in'an executed receive-record instruction,
an XIO transmit-record instruction This hang-up may be caused by a
when defining a new control field cowmunlcatlons line d%scgnnect or the
byte (sync, ETB, EOT or LRC subtract failure of the trapsmlttlng station to
field) during a continuous transmit send a message. S}nce the UCSTR would
operation. not receive an endlng'charagter or

4, After the end-condition interrupt of sequence, an end=-condition interrupt
an XIO transmit~record instruction would not occur. After a reasonable
with the response bit on. (The end- length of time the program should nullify
condition interrupt occurs after the the receive-record instruction.
response is received.) llo UCSTR interrupt follows the nullify-

transfer instruction.

Inhibit Audible Alarm
Set Audible Alarm

The inhibit-audible-alarm instruction . ] i

suppresses the three-second processor The audible alarm automatically sounds e
when operator attention is required by
the CPU because of a UCSTR operation

that cannot take care of itself. The
r 9B [ﬁ 5 | 3 I B1 I D1 ] set-audible-alarm instruction provides
0 78 1112 1516 1920 31 for the program to sound the audible
29207 alarm when operator attention is required.
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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,

0 78 1112 1516 1920 31
29210

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.

[95]5T12]51| DI |
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The suppression of the response time-
out is cancelled when the next transmit-
or receive-record transfer instruction
is executed.

Transfer Input/Output Instructions

[D DO 7]8 oA | Fs. | m [Sor | e [§o2 |
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The device address (DA) specifies the
I/0 device to which output data is to

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 Bl-
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 UCSTR becomes busy (UCSTR busy
indicator is on) when the XIO instruction
is executed, and the busy indicator
remains on until an end=-condition or a
response time-out condition occurs.

UC5TR Transfer Input/Output Instructions

Two 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:

l. 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 UCSTR 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-D1 fields contain the

core storage address of the first byte

of the message to be transmitted.

The B2-D2 fields are used in the

following ways:

1.

For transmnit-record operations with

he response bit on, the B2-D2 fields
contain the core storage address where
the first byte of the response message
will be stored.
For transmit-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 €rror.
For transmit-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.)

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 from 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 with other I/0 devices.

The UCSTR is available for a receive-

record instruction when:

1.

2.

30
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A set=-to-receive-mode instruction has
previously been issued.

A receive-record instruction has
previously been executed and a UCSTR
end condition interrupt has occurred.
A response time-out has occurred after
the execution of a previous receive-
record instruction.

A receive-record instruction has
previously been executed and
subsequently nullified by a nullify-
transfer instruction.

System/360 Model 20 UCSTR (RPQ)
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The UCSTR is not available for a transfer
instruction when the UCSTR busy indicator

is on,

The Bl-D1 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 SWITCHES

The following is a description of the
keys and switches used by the USSTR.
Figure 5 illustrates the UCSTR keys,
lights, and switches.

CHECKS

STATUS

DATA

RECORD

READY

READY

AWAITING
REPLY

DATA SET CHARACTER
PROCESSOR  INTERLOCK PHASE

BUSY

RECEIVE
EOT

SEND RECEIVE
RUN RUN

LINE LINE
TRANSMIT  RECEIVE

WAL

AUTOMATIC
NSWER
DIS NECT

SPEED SELECT BD

y‘.,‘iQf\E‘ E ‘1 200 1590

750
j 600

EXT

START‘] LSTOP l

(=]

(Light)

(Key)

2000

3000
4000

OFF

NORMAL

J Not Used

ezisa]

Figure 5. Keys, Lights, and Switches

Kezs

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.

e



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 will 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:

l. A set-audible~-alarm instruction.

2. The data set is not ready.

3. An EOT has been received as the ending
character of a received message block,
but the receive EOT indicator was not
tested by a TIOB instruction.

4., An interlock check stop.

Switches

Operation: The operation switch has three
et hafluadotiotutubl ., .
positions, which function as follows:

1, OIF - places the UCSTR in an
of-use"
conditions.

2, NOR!MAL-places the UCSTR in an "in
use" mode.

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

"out-

Speed Select: This switch is used to set
tEe 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 UCSTR can operate at speeds
up to 4800 -baud., /AT nwe

For speeds greater than 44880-baud }‘0’7 “

(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. Tor example, when
transmitting at 2,000 baud, the character
transmission rate is as follows:

1. Eight-bit line level: 250 characters
per second.

2. Seven=-bit line level:
per second.

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

285 characters

mode and resets UCSTR functional

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-Answer/Wait: This switch has three
positions that function as follows:

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

2. ON - With the switch in this position,
automatic answering of incoming calls
and automatic disconnection of the
UCSTR from the communications line
can be under program control,

3. WAIT - With the switch in the wait
position, the operation is the same
as when 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

INDICATOR LIGHTS

The following 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

DATA SET CHARACTER RECEIVE

PROCESSOR READY PHASE EOT

INTERLOCK

SEND RECEIVE

DATA RUN RUN

READY

AWAITING BUSY LINE LINE

RECORD. REPLY TRANSMIT  RECEIVE

-m ; Not Used 29216A

Figure 6. Status and Check Indicators.

Status Indicators

Data Set Ready: When this indicator is
on, it indicates:

1, Power to the data set is on.
2., The communications line is connected.

UCSTR Feature
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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.,)

When the character phase indicator
is on it indicates the following
conditions:

l. 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
UCSTR 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: When the ready indicator is on,
i1t indicates:

l. 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.

Busy: The busy indicator being on
indlcates:

l. 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 indicates 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
being on indicates 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 half-
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 HD (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 indicates 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. With
the switch in the HD (half-duplex)
position, the indicator remains on only
when the data set is not conditicned to
send.

0dd: Wot used.
Receive TEL: 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
" to Cancel Bit Set
% 3 ° the Indicator
S|slels
ol=|58l8
o |E{a |2
Failed to Issue an 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 period
of time the indicator is on.

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

Processor: The processor indicator being
on by 1tself indicates one of the
following:

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

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 time-out, but a
subseqguent transmit or receive record
instruction has not been executed
within three seconds.

For 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
conditions:

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 same 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/0 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 (PSW). The UCSTR
XIO or CIO instruction will not be
executed until the other I/0 device

‘reaches an end condition.

If the high-speed UCSTR is operating
(has not reached an end condition) when
an I/0 device (other 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

!ﬁﬁ\
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until the high-speed UCSTR reaches an

end conditicn. 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 transmit 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, With
the addition of the LRC feature, the LRC
check can also accomodate six- and seven-
bit codes.

A character in a 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 selected 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 number 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).

EBEach 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
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was selected receives the message in the

normal manner, interrupting after receiving

the ending character or seguence.

The terminal address recognition
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 within a data message can cause
a false terminal selection., A false
terminal selection can be prevented by
a line-control procedure that begins
each message with a unique start-of-
nessage character,

£ 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 Surmary

The above special features and their
prereguisites are sunmarized in Figure 8.

IBM SYSTEM/360 MODEL 20 INPUT/OUTPUT UNITS

IBM 1442 CARD PUNCH, MODEL 5

The IBi1 1442 Card Punch, Model 5 provides
punched card output for the System/360
Model 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.

IBM 2501 CARD READER, HMODELS Al and A2

The 2501 Card Reader consists of one

hopper, a serial read station, and one
stacker.

Feature RPQ Number Description Prerequisites
Basic UCSTR M24798 Universal Code Synchronous Transmit-Receive that can transmit and System/360 Model 20
receive in any eight=bit line code. B Communications Adapter
‘_ (FC2073) |
High-Speed M24418 Allows the UCSTR to transmit or receive at speeds up to 50,000 bits 1. 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.| 1. FC 2073
code 2. M24798
LRC Check M25019 Allows the' UCSTR to communicate with equipment that accumulates 1. FC2073
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 1. FC2073
condition. 2. M24798
3. M25019
Terminal Address M34070 Allows the UCSTR to automatically select one of several terminals 1. FC2073
LRecogniﬁon in a multi=drop configuration. 2. M24798

s SR W O T -

Figure 8. Special Feature Surmmary
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The 2501 Card Reader, Model Al has a
maximum rate of 600 cards per minute,
and the 2501 Card Reader, Model A2 has
a maxirmum rate of 1,000 cards per minute.

IBM 2520 CARD READ PUNCH AND CARD PUNCH

The 2520 Card Read Punch, Model 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. The 2520 Card
Punch, Models A2 and A3 consist of the
same basic mechanical unit as the 2520~
Al but have no read unit., Maximum
punching rates are 500 cards per minute,
or 300 cards per minute, depending on
the model,

2520 Card Read Punch
Model Al:

500 cpm
read/punch,

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

IBM 2560 MULTI-FUNCTION CARD MACHINE

The 2560 provides full card-file
maintenance abilities as well 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 which they may be
directed to any one 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 may be positioned by the operator

500 cpm punch,
300 cpm punch,

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

IBIl 2203 PRINTLR

The 2203 Printer provides output for the
System/360 Model 20 at up to 750 lines
per minute (lpm). Interchangeable
typebars allow 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 nurmeric 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 any one
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
with the IBM 2203 Printer is shown in
the table below.

Character Cycle
Set EEE Time (ms)
13 750 80
39 425 141
52 350 171
62 300 200

A l20-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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IBM 1403 PRINTER, !MODELS 2, 7, AND N1

The IBi1 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-N1. If the 1403-N1 is ecuipped

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-Nl1 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
approxinately 75 inches per second on
skips over eight lines.

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

IBM 2415 MAGNETIC TAPE DRIVE AND CONTROL
UNIT

The IBi1 2415 Ilagnetic Tape Drive and
Control Unit is designed to meet the
low-cost magnetic tape requirements of
System/360. Six models of the IBM 2415
are available with the System/360 Model
20, The 2415-1, -2, and =3 use the non-
return-to-zero-IBi1 (NRZI) method of
recording, and the 2415-4, =5, and =6
use the phase encoding (PE) method. The
IBM System/360 Model 20 operates with
either HRZI or PE type tape drives through
the input/output channel (IOC).

The user can select from three different
models of either NRZI 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 IOC can operate one control
unit.

Bach tape drive can be addressed by
the program, and has its own keys and
indicator lights for manual control.
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The following illustration shows the
performance of the various models. The
tape drives are normally equipped with
nine-track read/write heads; however,
seven~-track heads can be installed, For
example, a 2415-2 may be equipped with
two nine-track heads and two seven-track
heads.

Model Size Density Bytes/Sec Tape Speed

two tape drives 800 Bpi 15000 18.75inch/sec

1
NRZ| 2 four tape drives 800 Bpi 15000 18.75
(9-Track) 3  six tape drives 800 Bpi 15000 18.75
4
5

two tape drives 1600 Bpi 30000 18.75
PE four tape drives 1600 Bpi 30000 18.75
(9-Track) &  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
NRZ| Operation

IBi 2311 DISK STORAGE, MODELS 11 AND 12

The IBi1 2311 Disk Storage, with easily
interchanged IBi1 1316 Disk Pack, affords
the user the programming 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 IB¥M 2311 Disk Storage
(model 11 and model 12) are available
for use with the System/360 Model 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; however, 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 lModel 20. Disk packs
written by a 2311 model 12 can also be
read by a 2311 model 12 attached to any
System/360 Model 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 2311-12 differ
only in the number of track positions
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available, Tach track position comprises
a ten-high stack of disk surfaces and
read/write heads, 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 Mode! 12
Storage Capacity 5.4 Million Bytes | 2.7 Million Bytes
Data Transfer Rate 156,000 Bytes/Sec | 156,000 Bytes/Sec
Data Bytes/Sector 270 Bytes 270 Bytes
Sectors/Track 10 10
Data Bytes/Track 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

29220

IBM 2311 Disk Storage
Characteristics

Figure 9.

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 cvlinders for use as alternates
(spares for use in the event of surface
damage to a data track).
for the 2311 model 12 is 2.7 million

Storage capacity

bytes. It is based on the use of 100
of the total 103 cylinders for data and
3 cvlinders for alternates,

IBi1 1419 MAGWETIC CHARACTER READER

The 1419 llagnetic Character Reader can
be attached to a Systen/360 lModel 290
through a serial input/output channel
(SIOC). The 1419 reads into the systen
the magnetically inscribed infcrmation
on checks and other banking documents

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 inscrintions can
be checked for validity.

Documents read by the 1419 Macnetic
Character reader may be of intermixed
sizes and thicknesses, as typically
encountered in check-handling operations.

The standard minimum length is six inches;

shorter documents, such as the 5l-column
postal money order, can be read into the
System/360 model 20 at a maxinumn rate

of 1,960 documents per minute, Shorter
docurments (which may be intermixed with
standard-length documents) can be sorted
if the optional (no charge) feature for
this purpose is installed.

Many 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
UCSTR allow the user to determine the
line code, message format, control
characters, and line-control procedure
that best fulfill the needs of his
application.

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

LINE-CONTROL PROCEDURES

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

The UCSTR flexibility places the
burden of line control on the System/360
Model 20 program. The remainder of this
section contains some of the many possible
approaches to developing a line-contro
procedure. The user should not consider
the following as the only approacihes to
a line-contrel procedure.

Line-control procedures for the UCSTR
can be completely under System/360 lHodel
20 program control when operating on a
leased or private line, When operating
on a switched network (dial-up), the
operator manually establishes and
terminates the "cormunications connection",
and the Systen/360 Model 20 program
accomplishes the remainder of the line
control tasks. A line-control procedure
should:

l. Provide a method of establishing a
communications connection between two
stations.

2. Provide a method to determine when
each station is ready to perform its
respective function (receive or
transmit) .

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 message(s) was received,
including a designation of a good
message (no CRC, LRC or VRC error
occurred) or an error nessage (a CRC,
LRC or VRC error occurred).

5. Provide a method of retransmitting
messages in which an error occurred.

6. Provide a method of terminating the
communications connection between the
two stations.
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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.

l. 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 switched 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 agreement between the
operators. The System/360 Model 20
program at the station receiving the
call must automatically prepare to
receive a message. 'When 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/360 llodel 20 nust
be in a ready conditicn, 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 Model
20 must be periodically testing the
ring TIOB indicator. The data set
receiving the telephone call sends a
ring signal to the UCSTR, setting the
ring TIOB indicator on. When the
ring TIOB indicator is tested by the
program, the program branches to the
address in the TIOB instruction.
This address rust contain a program
subroutine that issues a receive-
record instruction, preparing the
UCSTR to receive a message.

The message received can be either
a control message or a data message.

o
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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 EOT has been received)
the program terminates the call by
executing an automatic-disconnect
instruction (CIO 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 means that
the System/360 lodel 20 is in a ready
condition, the UCSTR is in a ready
con..ition, a set-~to-receive-mode
instruction has been executed, and a
receive~record instruction has been
executed, (An inhibit-response-time-
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 wants
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. The 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 reqguests, 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. Multipoint configurations without the
terminal address recognition special
feature reguire 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 EOT character. Thus,
the initial message should be a "durmy"
EOT message that will set the receive
EOT indicator in all remote stations.,.
The program in each remote station
senses that the receive EOT indicator
is on, and it conditions the program

to analyze the next message to determine
which station will be selected.

The master station sends a message
containing a unique character assigned
to the desired remote station. All
remote stations receive and analyze
the selection messaqe, but only the
one station's program recognizes the
unigue 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 EOT 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 EOT character,
the station selection operation is
repeated, and the next remote station
is selected by a station selection
message.

Multipoint configurations with the
terminal address recognition special
feature can be selected by the master
station with a minimum of programming
effort.

Each remote 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. After the message
exchange is complete, the master
station sends the next message
containing the next station selection
character.

Sending the First Hessace

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 was not lost during
transmission. The following illustrates
two messages as they appear in the
transmitting station core storage, using
the above procedure.

[sTX 1] Message | Text|ETB]

[sTX 0] Message')) Text|ETB]
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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

UCSTR operations 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.,

G

The ACK 1 and 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 transmitting 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 UCSTR 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 acknowledgments 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

o
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transmitting station for each message
received. The following illustrates
illustrates the message-for-message
response.,

The 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
message that will 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.

[ACK>|INAK|ACK 1 Ack of AcK 1] Ack o[8 |

The response message, as assembled
in core storage and shown above, shows
that all but the second message block
was received correctly. When 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.

When 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. 1In 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. 1In 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 UCSTR can transmit and receive in
any eight-bit, seven-bit, or six-bit
line code. THE UCSTR does not provide
any code translation.
that is required must be done by the
program,

If the UCSTR is operating with another
station that is code insensitive, any
line code can be used, but if the UCSTR
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Any code translation

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 Model 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.

MESSAGE FORMATS
This section provides some example message

formats that can be used with the UCSTR,

Message 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
C -

ENQ ETB

Receiving
Station

STX 1 Data 1 ETB

ACK 0 ETB —

STX 0 Data 2 ETB

ACK 1ETB ——

3 i,
.

x

rx

e
»
bd <

-%

STX 1 Data 3 ETB

ACK 0 ETB —

i~ STX 1 Data 3 ETB

Y

NAK ETB —

—— STX 0 Data 4 EOT

ACK 1ETB —

Figure 10,

ACK 0 EOT ——

Message and Acknowledgment

1.

w
.

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

The receiving station program analyzes the message, determines that
the message Is an EN£, and sends an ACK 0 message to the trans-
mitting station. The ACK O message informs the transmitting station
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.)

The transmitting station sends the first data message. The first data
message is preceded by an STX 1, identification character.

. 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.

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

The receiving station recelves the second data message, determines
that it is correct, and sends an ACK 0 message to the transmitting
station. The ACK 0 message informs the transmitting station that the
message was received correctly.

. The transmitting station sends the third data message. The data mes-

sage is preceded by an STX 1, identification character.

. 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.

. The transmitting station retransmits the third data message. The mes-

sage is again preceded by an STX 1 character.

. 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.

. The transmitting station sends the last data message (EOT ending char-

acter). The message is preceded by an STX 0, identification charac-
ter.

. The receiving station 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.

UCSTR Operations
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Message and llessage Response

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

Station Station
A
" | Data Al ETB -
<% Data B1 ETB =
Data A2 ETB >
-t Data B2 ETB —
—— Data A3 EOT >
< Data B3 ETB ~——
< Data B4 ETB —
- Data B5 EOT —

Figure 1ll. Message and Message Response
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response for each message transmitted,
The message from each station may or may
not contain an acknowledgment of the {
previous message.

This example shows only the data message exchange between two

stations operating on a message-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.

Station A transmits the first data message to station B.

Station B transmits the first data message to station A. -
Statlon A transmits the second data message to station B.

Station B transmits the second data message to station A. -
Station A transmits the last data message to station B. Station A

informs station B that this is the last data message by sending the EOT

character as the ending character.

Station B transmits the third data message to station A,

. 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.)

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.

&




Multiple lMessages 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
— Data 1 ETB -
—— Data 2 ETB >
—— Data 3 ETB >
Data 4 EOT >

[<— ACK NAK ACK ACK ETB —

4— Data 2 EOT

ACK EOT —

Figure 12,

Multiple Messages and Response

1.

Multipoint Operation

Multipoint operation can be with or
without the terminal address recognition
feature. Without 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.

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.

. Transmitting station sends the first data message.

Transmitting station sends the second data message.
Transmitting station sends the third data message .

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.

. 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.

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

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.

UCSTR Operations
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APPENDIX A, UCSTR TIMING

The following is the average CPU time, in microseconds (usec), required to

execute the instructions associated with the UCSTR feature,

Instruction

Transmit=-record XIO

Receive-record XIO

Test busy TIOB

Test error TIOB

Test receive EOT TIOB

Test time-out response TIOB

Test ring indicator TIOB

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

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

200usec
205usec
120usec
120usec
120usec
120usec
120usec

180usec
l45usec
170usec
135usec
120usec
120usec
120usec

120usec
120usec

Time Required

Transmit service request (not transparent with CRC checking) 105usec
Transmit service request (not transparent with LRC checking) 1l5usec
Transmit service request (not transparent with VRC checking) 100usec
Transmit service request (not transparent with LRC/VRC checking) 125usec
Transmit service request (transparent with response on) 95usec
Transmit service request (transparent without response on) 95usec
Receive service request (not transparent with CRC checking) 11l5usec
Receive service request (not transparent with LRC checking) 130usec
Receive service request (not transparent with VRC checking) 125usec
Receive service request (not transparent with LRC/VRC checking) 135usec
Receive service request (transparent) 95usec
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Acknowledgment Response, Message 38
Acknowledgment and Message Diagram 39
Addressing

Direct 8

Effective 8
Appendix A. UCSTR Timing 42
Audible Alarm, Inhibit 22
Audible Alarm, Set 22
Auto-Answer/Wait Switch 25
Automatic Disconnect 23
Awaiting-Reply Indicator 26

Basic Mode 2

Basic Mode of Operation 14
Busy Indicator 26

Busy, UCSTR 19

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/0 21

CPU Main Storage 4

CRC or LRC Error 19

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
EQT 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
ST 6
SSs 6

Message 38
Full Transparent Mode 2

General Registers 5

Halfword Binary Number 5
High Speed, Special Feature 28

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

Index
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Input/Output Instructions
Control 21
Transfer 23
Input/Output Units, Model 20 30
Instruction Format 6
Instruction Timing 42
Integral Boundaries 7
Interlock Indicator 28
Interrupt 10, 17
Interrupt Conditions, UCSTR 18
Invalid Sync Characters 13

Keys and Switches 24
Auto-Answer/Wait 25
Operation 25
Speed Select 25
Start 24
Stop 25
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) 13
LRC Check, Special Feature 29
LRC or CRC Error 19
LRC Subtract Field 13

Main Storage, CPU 4
Message and Acknowledgment Diagram 39
Message and Acknowledgment Response 38
Message and Message Response Diagram 40
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 21
Set to Transmit 21
Multiple Messages and Response Diagram 41
Multipoint
Configuration Diagram 2
Configurations 1
Operation 41

Nullify Transfer 22

0dd Indicator 27
Operands 8
Explicitly Addressed 9
Immediate 9
in Registers 9

Operation, Modes of 2, 14

44 System/360 Model 20 UCSTR (RPQ)

Operation, Multipoint 41

Operation Switch 25

Operations, UCSTR 34

Overlapping Input/Output Operations 9

Packed Decimal 5

Parity Checking 5
Point-to-Point Configurations 1
Processor Indicator 27

Program Instructions 18

Program Status Word (PSW) 9

Ready Indicator 26
Receive

EOT 20

EOT Indicator 27

Record 24

TEL Indicator 27
Receive-Run Indicator 27
Record Indicator 28
Record Length 13
Registers, General 5
Response

Mode 2

Time-Out 20

Time-Out, Inhibit 23
Responses to Messages 36
Retransmission, Error 37
Ring Indicator 20
RR Format 6
RX Format 6

Sending The First Message 35
Send-Run Indicator 27
Set Audible Alarm 22
Set to Receive Mode 21
Set to Transmit Mode 21
SI Format 6
Six- and Seven-Bit Level Code,

Special Feature 29
Special Feature Summary 30
Special Features, UCSTR 28
Speed Select Switch 25
Speeds, Transmission 2
SS Format 6
Start Key 24
Status Indicators 25
Stop Key 25
Switches 25
Switches and Keys 24

Auto-Answer/Wait 25

Operation 25

Speed Select 25

Start 24

Stop. 25
Switches, Keys, and Lights Diagram 24
Sync 11
Sync Byte 12
Sync Characters

Invalid 13

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

Terminal Address Recognition, Special

Feature 29
Terminating Communications 37
Test I/0 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

UCSTR
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 6
Vertical Redundancy Checking (VRC) 14
VRC Check, Special Feature 29

Zoned Decimal 5
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1419 Magnetic Character Reader 33
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2203 Printer 31

2311 Disk Storage, Models 11 and 12 32
2311 Disk Storage Characteristics 33
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