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Preface

This manual is for personnel who service the IBM 5100
Portable Computer Communications Adapter feature,
Serial 1/0 Adapter feature, or both. To use this manual,
you should know how to operate the 5100 with the Com-
munications Adapter feature, Serial 1/0O Adapter feature, or
both. it would also be heipful if you understand basic teie-

processing concepts.

Related Publications

® /BM 5100 Communications Adapter Feature User’s
Manual, SA21-9215

® /BM 5100 Serial 1/0 Adapter Feature User’s Manual,
SA21-9239

® /BM 5100 Maintenance Information Manual,
SY31-0405

Third Edition {October 1976)

This is a minor revision of SY31-0429-1 incorporating changes released in the following
technical newsletters: SN31-0467 (dated 1 May 1976) and SN31-0478 (dated 12
July 1976). Changes are periodically made to the specifications herein; any such change

will be reported in subsequent revisions or technical newsletters.

A form for readers’ comments is provided at the back of this publication. If the form has
been removed, comments may be addressed to IBM Corporation, Publications, Department
245, Rochester, Minnesota 55901. Comments become the property of IBM.

© International Business Machines Corporation 1975, 1976
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How This Manual Is Organized

Because the Communications Adapter feature and the Serial 1/0 Adapter feature are sim-
ilar, both features are explained in this manual.

The main sections of the manual and what each explains is as follows:

@ /ntroduction explains the similarities and the major differences between the two
features, what each feature consists of, and the function of each feature.

® Theory of Operation explains the microprograms and data flow of each feature, the
data format used with both features, the EIA (Electronics Industry Association)
RS232C/CCITT V.24-V.28 standard interface lines that both features use, and how .
the expansion feature card functions in both transmit and receive operations.

® Diagnostic Aids tells what diagnostic aids are available for communications and serial
1/0. This section also contains instructions on how to use the diagnostic buffer and
network analysis routine for communications, and contains a troubleshooting guide
for communications and serial 1/0.

® Communications Networks explains some of the basics of data communications that
apply to the IBM 5100 Portable Computer.

® Appendix. Character Code Charts shows the character codes and the character bit
values that are used by botn features.



The Serial 1/O Adapter feature, the Communications
Adapter feature, or both, can be installed on the 5100
Portable Computer.

The similarities of the communications and serial 1/0
Adapter features are:

® They both use the EIA (Electronics Industry Associa-
tion) RS232C/CCITT V.24-V.28 standard interface to
connect the 5100 to a data set or an 1/O device.

® They both use the same logic card (B2).
® They both use microprograms in read/write storage.
The major differences between the two features are:

® The APL or BASIC language is active with the Serial 1/O
Adapter feature and a user written APL or BASIC pro-
gram interacts with the serial 1/O program. The APL or
BASIC language is not active with the Communications
Adapter feature.

® The features use a separate connector on the rear panel of
the 5100.

EXPANSION FEATURE

The expansion feature is a prerequisite for the Communica-
tions Adapter feature, the Serial 1/O Adapter feature, or
both. The expansion feature is the expansion feature card
(B2).

Introduction

COMMUNICATIONS ADAPTER FEATURE

The Communications Adapter feature enables the IBM
5100 Portable Computer to communicate with a remote
system. The 5100 appears the same as an IBM 2741 Com-
munication Terminal to the remote system. The 5100 can
transmit data from the keyboard or tape unit, write trans-
mitted or received data on tape, or print transmitted or
received data.

The Communications Adapter feature consists of internal
and external cables, and the communications program (the
expansion feature is also required). The communications
program, which consists of the communications micropro-
gram, the communications /0 microprogram, and the
printer microprogram, is stored on tape and must be
loaded into read/write storage before using the feature.
For detailed information on loading the communications
program and using the feature, refer to the /BM 5100
Communications Adapter Feature User’s Manual.

SERIAL 1/O ADAPTER FEATURE

The Serial 1/0 Adapter feature allows a user to attach 1/0
devices other than the 5100 1/0 devices to the 5100 Portable
Computer.

The Serial 1/0 Adapter feature consists of internal and ex-
ternal cables, and the serial 1/0O program (the expansion
feature is also required). The serial 1/O program, which
consists of the serial 1/0 microprogram and the serial 1/0
input/output microprogram, is stored on tape and must be
loaded into read/write storage before using the feature.

For an explanation of how to load and use the serial 1/0
program, refer to the /BM 5700 Serial 1/0 Adapter Feature
User’s Manual.

Introduction  1-1
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COMMUNICATIONS MICROPROGRAMS AND
DATA FLOW

The following diagram shows the location of the micro-
programs and the data flow for a communications transmit
and receive operation. Refer to this diagram while reading
the description of the microprograms and data flow.

Read/Write Storage

Theory Of Operation

Extended -— Display
. !
Display | Screen
\ Executable ROS
|
1
Printer Printer Communications 1/O Supervisor Printer

Microprogram
(option 2 or 4)

Microprogram

]

Microprogram

l«— - -~ F— -

Microprogram
(option 1 or 3)

Communications Communications Microprogram l_, Tape
Diagnostic 1/0 Subroutines Microprogram
Buffer [* 7 Microprogram ||~ 17 (option 1 or 3)
T
T
| Keyboard
: Microprogram
1
i
1
Expansion Data
Feature Set Receive —— ===
Card <=
Transmit

During communications, the IBM 5100 Portable Computer
functions as a communications terminal, and normal APL
and BASIC language operations cannot be performed.

During communications, the 5100 uses microprograms in
read/write storage and microprograms and subroutines in
executable ROS.

The microprograms in read/write storage that are used
during communications are the communications micro-
program, the communications I/O microprogram, and the
printer microprogram (used only when option 2 or 4 is
selected).

Printer

Tape

Keyboard

Theory Of Operation  2-1



The microprograms in executable ROS that are used during
communications are:

® The printer, tape, keyboard, and 1/0 supervisor (these
are also used in normal APL and BASIC operations).

® The microprogram subroutines (these are used only by
the communications 1/0O microprogram).

The microprograms in read/write storage are loaded from the
communications tape; however, the printer microprogram is
loaded only when option 2 or 4 is selected. During APL or
BASIC operations, or if option 1 or 3 is selected, the printer
microprogram in executable ROS is used for printer opera-

tions. Refer to the /BM 5100 Communications Adapter

Loy

Feature User’s Manual for a description of the options.

The communications microprogram controls the format of
the data printed and written on tape, stored in the extended
display, and displayed on the screen. It also adds the line
control and function characters, and transfers data to or
from the communications 1/O microprogram.

Transmit

During transmit operations, data can be supplied from the
keyboard, the extended display, or a tape. The communica-

tions 1/0 microprogram converts the data to EBCD (extended

binary coded decimal) or correspondence code characters,
places the character in the communications diagnostic
buffer, serializes each character, adds start and stop bits, and
sends the character to the expansion feature card one bit at
a time.

The operating sequence of the microprograms and the data
flow is as follows:

1. A key is pressed on the keyboard or a character is
read from tape.

2. The keyboard or tape microprogram in executable
ROS passes the data from the keyboard or tape to
the 1/0 supervisor.

3. The 1/0O supervisor passes the data to the communi-
cations microprogram.

4, The communications microprogram places the
character (if it is a data character) in the extended
display and on the display screen. If the 5100 is
transmitting and the character was entered from the
keyboard, it is passed to the communications 1/0
microprogram. |f the character was read from tape
or the 5100 is in the edit state, the character is not
passed to the communications 1/0O microprogram until
a complete line is read from tape or until the EXE-
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CUTE or ATTN key is pressed. The data is then read
from the extended display; control and function
characters are added; and the data is passed to the
communications 1/O microprogram one character at
a time.

5. The communications |/O microprogram, with the use

of the microprogram subroutines in executable ROS,
converts the character to EBCD or correspondence
code; places the character in the diagnostic buffer;
adds the start and stop bits; and sends the character,
bit by bit, to the expansion feature card. The bits sent
to the card are then sent to the data set and trans-
mitted to the remote system.

Receive

All data received by the 5100 is stored in the extended dis-
play, displayed on the screen, and printed and/or written on
tape. The communications |/O microprogram removes the
start and stop bits from each character, deserializes the char-
acter, places the character in the communications diagnostic
buffer, converts the character to EBCD or correspondence
code and sends it to the communications microprogram.

The operating sequence of the microprograms and the data
flow when the 5100 is receiving is:

1. Bits from the data set are sent to the expansion
feature card.

2. The expansion feature card sends the bits on bus in
to the communications 1/O microprogram.

3. The communications 1/O microprogram assembles the
bits into EBCD or correspondence code characters,
updates the communications diagnostic buffer with
the characters, and passes control to the communica-
tions microprogram.

4, The communications microprogram updates the
display screen and extended display, then waits for
the next character.

5. If option 2 or 4 is selected, the data is printed when a
line feed or new-line function character is received.
If option 1 or 3 is selected, the data is stored in the
extended display until a new-line character and the
end of transmission character ( ) are received,
then printed or written on tape.

6. The data flow from the extended display to the
printer or tape is controlled by the communica-
tions microprogram, the 1/O supervisor, and the tape
and printer microprograms.



SERIAL 1I/O MICROPROGRAMS AND DATA FLOW

The following diagram shows the location of the serial 1/O
microprograms and the data flow for a serial 1/0 transmit
and receive operation. Refer to this diagram while reading
the description of the microprograms and data flow.

5103

Printer

f

5106
Tape

Display
Screen
Read/Write Storage Executable ROS
User's APL
or BASIC 1/0 —~1 Printer
Program Supervisor Microprogram
1/0 Buffer
Serial 1/0O ~ Tape
Microprogram | I Microprogram
. APL and
Serial 1/0 BASIC Keyboard
Input/Output Mi Microprogram
Microprogram ero-
program
Sub-
routines

Nonexecutable ROS

Expansion

Feature

Card APL and BASIC
T j Interpreters

Serial 1/O

Device

During serial 1/O operations, the 5100 uses programs in
read/write storage, executable ROS, and nonexecutable
ROS.

The programs in read/write storage are the user’s APL or
BASIC program, the serial 1/O microprogram, and the
serial 1/0 input/output microprogram.

The programs in executable ROS are the printer, tape,
keyboard, and 1/0 supervisor microprograms. The APL
and BASIC microprogram subroutines in executable ROS
are also used during serial I/O operations.

5100 Keyboard

Theory Of Operation
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The programs in nonexecutable ROS are the APL and
BASIC interpreters.

The microprograms in executable and nonexecutable ROS
function the same in serial 1/O operations as they do in
normal APL or BASIC language operations.

The serial 1/0 microprograms in read/write storage are
loaded from the serial 1/0 adapter tape cartridge.

The serial 1/0O microprogram sets the device characteristics
and the request to send and clear to send controls as speci-
fied by the user. (See the /BM 5100 Serial 1/0 Adapter
Feature User’s Manual for an explanation of how these de-
vice characteristics are set.j This microprogram aiso controis
the data flow into and out of the 1/0O buffer in read/write
storage. The size of the 1/0O buffer is set by the serial 1/0
microprogram as specified by the user. (See the /BM 5100
Serial 1/0 Adapter Feature User’s Manual for more
information on the 1/0 buffer.)

During a transmit operation, the serial 1/O microprogram
takes the data from the 1/0O buffer when the device (output
file) is closed or when the buffer becomes full. This micro-
program also adds control and function characters if neces-
sary, such as upper shift function characters, and end-of-
block and end-of-buffer control characters; and sends the
data to the serial 1/0 input/output microprogram one
character at a time.

During a receive operation, the serial 1/0 microprogram
puts the data in the 1/0O buffer as it is received from the
1/O device.

Transmit Operation

During a transmit operation, data is supplied by the user’s
APL or BASIC program. (During BASIC language opera-
tions, the user can transmit a BASIC program to the 1/0
device with the SAVE command.) The serial 1/0 input/
output microprogram converts the data to the specified
code (5-, 6-, 7-, or 8-bit), adds the start and stop bits,
serializes each character, and sends the character to the
expansion feature card one bit at a time.

The operating sequence of the microprograms and the data
flow during a transmit operation is:

1. A data character is entered from the keyboard or
read from tape.

2. The keyboard or tape microprogram passes the data
character to the 1/O supervisor.

2-4

3. The /0 supervisor passes the data character to the
1/0 buffer in read/write storage via the APL or
BASIC microprogram subroutines, which use the
programs in the APL or BASIC interpreters.

4. When the user’s program specifies output, the serial
1/0 microprogram removes the data from the 1/0
buffer via the 1/0 supervisor and APL or BASIC
microprogram subroutines; adds any necessary func-
tion and control characters; and passes the data to
the serial 1/O input/output microprogram.

5.  The serial 1/0 input/output microprogram converts
the character to the specified code, serializes the
character, adds start and stop bits, and sends the char-
acter, bit by bit, to the expansion feature card. The
bits sent to the card are transmitted to the serial 1/0
device on the transmitted data line.

Note: Steps 1, 2, and 3 are the same as a normal APL or
BASIC language operation. The data could also be supplied
by the user’s APL or BASIC program, such as the result of
calculations.

Receive Operation

During a receive operation, data received from an 1/O device
is sent to the user’s APL or BASIC program by the serial
1/0 microprograms; the user’s program may use the data or
send it to the 5100 output devices. (In BASIC language
operations, the user can receive a BASIC program from the
1/0 device with the LOAD command.)

The operating sequence of the microprograms and the data
flow during a receive operation is:

1. The 5100 receives the data from the I/O device on
the received data line via the expansion feature card.

2. The card sends the data, bit by bit, to the serial /0
input/output microprogram on bus in.

3. The serial 1/0 input/output microprogram deserializes
each character, removes the start and stop bits, con-
verts the character to 5100 code, and sends the char-
acter to the serial 1/O microprogram.

4, The serial 1/0 microprogram places the character in
the 1/O buffer via the APL or BASIC microprogram
subroutines and the 1/0 supervisor.

5.  The user's program uses the data or sends it to the
5100 1/0 devices via the APL or BASIC micropro-
gram subroutines and the 1/0 supervisor as in a normal
APL or BASIC operation.



DATA FORMAT

The 5100 uses the start-stop format for both the communi-
cations and serial 1/0O features. In the start-stop format,
each character is synchronized separately on the data line.
To synchronize each character, a ST (start) bit is added to
the beginning of the character and a SP (stop) bit(s) is added
to the end of the character. The data bits transmitted be-
tween the ST and SP bits can be any one of the codes used
with the 5100 communications or serial 1/O feature, be-
cause the ST and SP bits, respectively, indicate the begin-
ning and end of a character.

The code used with the communications feature is EBCD
(extended binary coded decimal) or correspondence code.
The code used with the serial 1/0O feature is 5-, 6-, 7-, or
8-bit code.

5-Bit Code

Each 5-bit character contains 5 data bits labeled 1, 2, 3,
4,and 5. There are no parity bits with the 5-bit code.
The b-bit code is compatible with |/O devices that use the
Baudot code.

Additional characters are obtained by preceding the code
with a letters (lower) or figures (upper) shift character.

If the characters are preceded by a letters character, the
characters are letter (lower) shift characters. If the charac-
ters are preceded by a figures character, the characters are
figure (upper) shift characters. For more information on
letter and figure characters, see the /BM 5100 Serial 1/0
Feature User’s Manual.

6-Bit Code

Each EBCD, correspondence code, or 6-bit character con-
tains 7 bits, which are labeled B, A, 8, 4, 2, 1, and C. Bits
B, A, 8, 4, 2, and 1 are data bits and indicate different
characters by using a different combination of bits for
each character. Bit C is a check bit (parity bit) and is used
to maintain odd parity of each character for error checking
purposes. The 6-bit code is compatible with 1/O devices
that use the EBCD or correspondence code.

Additional character combinations are obtained by pre-
ceding a character or characters with a shift function char-
acter. For example, if the characters ABCD are preceded
by an upper shift function character, the characters ABCD
are upper shift characters. For more information on shift
function characters during communications operations,

see Shift Function Characters and Communications Diag-
nostic Buffer. For more information on shift function char-
acters during serial 1/O operations, see the /BM 5100

Serial 1/0 Feature User’s Manual.

7-Bit Code

Each 7-bit character contains 8 bits, which are labeled
P,1,2,3,4,5,6,and 7. Bits 1, 2,3,4,5, 6, and 7 are data
bits and bit P is a parity bit. The parity of a 7-bit character
can be odd, even, or ignored as specified by the user. When
the ignore option is specified, all 7-bit characters that the
5100 transmits to the 1/O device have the parity bit turned
off (space level); and on all 7-bit characters that the 5100
receives from the 1/0 device, the parity bit is ignored. The
7-bit code is compatible with 1/0 devices that use ASCI|
(American Standard Code for Information Interchange).

8-Bit Code

Each 8-bit character contains 8 data bits (no parity bits),
which are labeled 0, 1, 2, 3, 4, 5, 6, and 7. The 8-bit code
uses the hexadecimal format 00 through FF.

See the Appendix, Character Code Charts for the bit for-

mats and character graphics for the EBCD, correspondence,
5-, 6-, and 7-bit codes.

Theory Of Operation 2-5



The presence of a data bit on the received data or trans-
mitted data line is indicated by a mark; a mark is a minus
(-} voitage level (-3.0 to —~25.0V). The absence of a data
bit is indicated by a space; a space is a plus (+) voltage level
(+3.0 to +25.0V). The following graph shows how the
character A would look on the data line in each code with
the ST and SP bits added:

First Bit Last Bit
Transmitted Increasing Time Transmitted
>
Space + ST 1 2 3 4 5 SP
. rem——
1-1/2
Mark - Bits !

+

5-Bit Character A (bits 1 and 2) No Parity

Space + ST B A 8 4 2 1 cC SP

Mark -

EBCD or 6-Bit Character A (bits B, A, and 1) Odd Parity'

Space + ST 7 6 5 4 3 2 1 p SP

Mark -

7-Bit Character A (bits 7 and 1) Even Parity

Space + ST 7 6 5 4 3 2 1 0 SP?

-+

Mark -

n + " + "
+ * v

8-Bit Character A (bits 7, 6 and 0) No Parity

leor Correspondence code, the bit value is B, 4, 2, 1, and C, (see Code Chart for Correspondence
Code Data Characters).
2Can have two SP bits if specified by the user.
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COMMUNICATIONS CONTROL CHARACTERS

Messages are indicated by two line control characters:
(circle D) and (circle C). A indicates the

start of a message, or start of transmission; a indi-

cates the end of a message, or end of transmission. These

characters are transmitted by the 5100 and by the remote

system as shown in the following diagram (the arrow indi-

cates the direction of data flow):

Action IBM 5100

The lines ‘clear to send’ and ‘data set rdy’

are activated by the data set, which is

indicated by the arrow on the status line

of the display screen pointing up 1.

The 5100 waits approximately 1 second
after ‘clear to send’ and ‘data set rdy’

Remote System

become active, then sends the first mes- @ L

sage to the remote system.

The 5100 waits for the remote system to

send a message.

®

The remote system responds.

After a 66-millisecond delay, the 5100 ©
changes to the transmit state, and trans-

mits the next message.

1 The @ is transmitted by the communications pro-
gram immediately after the approximate 1-second delay,
which is indicated by the arrow on the status line chang-
ing from up (1) to right (—).

If the remote system does not respond to a message from
the 5100 or if one of the control characters is lost (be-
cause of line noise or some other reason) the 5100:

® Remains in the receive state until a @ or @ is

received.

® |gnores all data characters until a © ora @ is
received.

® Goes to the transmit state when a is received be-
fore a . Any data characters received before
the © is received are lost.

® Remains in the receive state if a is received but
no is received. (Any data received is stored in
the extended display but is not printed or written on
tape.) The 5100 leaves the receive state when either the
ATTN key is pressed (which transmits a receive inter-
rupt to the remote system) or the CMD and ATTN
keys are pressed (which causes the 5100 to go to the
transmit state and send a @ ).

Theory Of Operation  2-7



COMMUNICATIONS FUNCTION CHARACTERS

Function characters are special characters that the 5100
and the remote system use during communications to
control specific functions. These characters, their func-
tion, and their bit values, are shown under Code Chart of
Function and Control Characters in the Appendix, Char-
acter Code Charts.

Following is a more detailed explanation of the function
characters that apply to the 5100:

Shift Function Characters

The shift function characters, upper shift (indicated by a
<in the diagnostic buffer) and lower shift (indicated by a
< in the diagnostic buffer) indicate to the remote system
and the 5100 that the data following is upper or lower
shift (see Communications Diagnostic Buffer). For ex-
ample, if the 5100 received:

<ABCDEF<GHIJK

the characters ABCDEF would be upper shift characters
and the characters GHIJK would be lower shift characters
as indicated by the preceding shift function character.

Backspace Function Character

A backspace function character (indicated by a n in the
diagnostic buffer) indicates to the 5100 and the remote
system to backspace one character. For example, if the
5100 received:

An <F
the 5100 would display the character A, backspace the

cursor, and display the character __ (an upper shift F) to
form the character A.

2-8

Tab Function Character

A tab function character (indicated by a cin the diag-
nostic buffer) indicates to the 5100 and remote system to
tab to the next tab setting. For example, if the 5100
received:

ABCD cEFGH
the display would show:
ABCD EFGH

The number of spaces would depend on where the tab was
set.

Bypass and Restore Function Characters

The bypass and restore function characters (indicated by
a w and a > respectively in the diagnostic buffer) set and
restore the bypass function on the 5100 when the charac-
ters are received. When the bypass function is set, (bypass
function character received) the 5100 does not display or
print data. If a tape file is open (%&OPEN command is
entered), the data is written on tape.

The bypass function is used for data security. Characters
entered from the keyboard are sent to the remote system
-and the cursor advances with each key pressed.

The 5100 does not transmit the bypass and restore func-
tion characters.



New-Line and Line Feed Function Characters

A new-line function character (indicated by a ® in the diag-
nostic buffer) indicates the end of a line of data and starts
a new line of data. For example, if the 5100 received:
ABCDE®FGHI®
the display would show:
ABCDE
FGHI

— (cursor)

A line feed function character (indicated by a z in the
diagnostic buffer) is only received by the 5100; the 5100
does not transmit this character.

A line feed function character indicates the end of a line of
data and causes the display to move up one line (the cursor
does not move to the left). For example, if the 5100
received:

ABCDzEFGH=

the display would show:

ABCD

EFGH

— (cursor)

New-line and line feed function characters also indicate to
the 5100 to start printer or tape output operations. How-
ever, only complete lines of data are printed and/or written
on tape. A complete line is data ending with a new-line or
line feed function character. For example, if the following
message is received:

@ ABC@{E/F‘@GHI ©
New-Line Characters
the last line of data (GHI) is not printed or written on tape

because it does not end with a new-line character; however,
it is stored in the extended display.

Theory Of Operation 2-9



If the user enters the command & OUTSEL SYS, only
lines received from the remote system that end with a new-
line or line feed function character (complete lines) are
printed and/or written. A line of data (transmitted or re-
ceived data) without a new-line character is joined with
the following line. The following example shows when
data would be printed and/or written if the command &
OUTSEL SYS is entered and the messages are transmitted
as shown:

Note: The arrow indicates the direction of data flow.

5103 Printer
and/or
IBM 5100 Remote System Tape Output

© ...LEM @ > No output

< @ PAT...®© MELPAT

@ DAN . .. @ No output

The message DAN is stored in the extended display, but is
not printed or written because a new-line or line feed func-
tion character was not received.

If communications continue and the extended display be-

comes full and overflows before a complete line of data
is received, the message DAN will be lost.

2-10

(transmitted message)
(received message)

(received message without
a new-line character)

(received message with
a new-line character)

(transmitted message)
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a new-line character)



COMMUNICATIONS DATA SET EIA INTERFACE

The data set interface between the expansion feature card
and the data set is the EIA RS232C/CCITT V.24-V.28
standard interface and is connected as shown in the follow-
ing diagram:

. Bus In (B2)

Device Adr Bus

——-

Control

‘+ext horiz dr’
(from display card)

Base 1/0 Expansion
Card (F2) Bus Qut Feature
Card

The output EIA lines are turned on, and the input EIA

lines are sensed, by the communications 1/O microprogram.

An on signal on an EIA control line is indicated by a plus
voltage level of +3.0 to +25.0V. An off signal is indicated
by a minus voltage level of ~3.0 to -25.0V.

The function of each EIA line and the sequence in which
they are turned on or sensed during communications is:

If the 5100 is going to transmit data:

1. The 5100 turns on data terminal ready to indicate
that it is ready to communicate.

2. The data set turns on data set ready to indicate that
it is ready to communicate.

3. The 5100 turns on request to send to indicate that
it is ready to send data to the data set.

4.  The data set turns on clear to send to indicate that it
is ready to send data to the remote system.

5. The 5100 sends the data to the data set on the trans-
mitted data line. (See Data Format in Theory of
Operation )

Pin
Line Name No.
Data
Data Terminal Ready 20 Set
Request to Send 4
Transmitted Data 2
Received Data 3
Clear to Send 5
Data Set Ready 6
Signal Ground 7
Protective Ground 1
If the 5100 is going to receive data:
1. Data terminal ready and data set ready are turned on

as in a transmit operation.
2. Clear to send and request to send are not used.

3. The 5100 receives the data from the data set on the
received data line. (See Data Farmat.)

Signal ground provides a common ground for all circuits.
Protective ground is connected to the frame of the 5100.
Refer to the /IBM 5100 Maintenance Information Manual,
for the communications connector and expansion feature
card pin numbers.

SERIAL 1/0O DEVICE EIA INTERFACE

The 5100 uses the EIA RS232C/CCITT V.24-V.28 standard
interface to connect the 1/0 devices used with the Serial
1/0 Adapter feature.

The EIA lines on the expansion feature card are turned on
(output lines) and sensed (input lines) by the serial 1/0
input/output microprogram. The control lines are at a
plus voltage level when active (on) and a minus voltage
level when inactive (off). The acceptable voltage levels
are +3.0 to +25.0V for an on level and - 3.0 to -25.0V

for an off level. For the voltage levels and the format of
the data on the data lines (transmitted data and received
data), see Data Format.
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When operating the serial 1/0 feature, the user can select
one of four modes (modem, ignore, terminal, or set). In
modem or ignore mode, the 5100 functions like a modem
(data set). In terminal mode, the 5100 functions like a
terminal and in set mode, the 5100 can function as either
a terminal or a modem (either the modem cable or the
terminal cable can be used to attach the I/O device).

Modem Mode

Because the 5100 operates like a modem (data set) in
modem mode and the expansion feature card is designed for
communications terminal operations, the line names are

inteichanged at the seriai i/O connector as foiiows:

Data terminal ready with data set ready
Request to send with clear to send
And transmitted data with received data

The following diagram shows the EIA standard interface
lines that are used during serial 1/0 operations and the way
they are connected to the 5100 in modem mode. Refer to
the /BM 5100 Maintenance Information Manual for the
serial 1/O connector and Z1 cable socket pin numbers.

Base 1/O
Card (F2)

Bus Out

Bus in

Device Adr Bus

Control

Expansion
Feature Card (B2)

Z1 Cable Serial 1/0
Socket Connector

+ext horiz dr
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‘+S10 data term rdy’
‘+S10 data set rdy’
‘+S10 request to send’
+S10 clear to send’
‘+S10 xmit data’
+S10 rcvd data’
+S10 rcvd line sig det’
Signal ground

Protective ground

Serial 1/0 Device

Internal Serial 1/0

Data Terminal Ready

Data Set Ready
Request To Send
Clear To Send

Transmitted Data

Received Data

Received Line
Signal Detector
Signal Ground

Protective Ground

Cable Modem Cable

~
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The function of each EIA line and the sequence in which
they are turned or sensed during serial 1/0 operations in
modem mode is:

® After the serial |/O program is loaded and enabled, the
5100 turns on ‘+SI0 data term rdy’, which is sensed on
the data set ready line at the 1/O device, to indicate
that the 5100 is ready for serial 1/O operations.

® The serial 1/0 device turns on data terminal ready,
which is sensed on the ‘+S10 data set rdy’ line on the
expansion feature card, to indicate that the serial 1/O
device is ready for serial I/O operations.

Note: The sequence in which data terminal ready and data
set ready are activated is not significant.

When the serial 1/0 device is going to transmit data to the
5100:

1. The serial 1/0 device turns on the request to send
line, which is sensed at the ‘+SIO clear to send’
line on the expansion feature card, to indicate that it
is ready to send data.

2. The 5100 then turns on the ‘+SIO request to send’
line, which is sensed on the clear to send line at the
1/0 device, to indicate that it is ready to receive the
data from the /0 device.

3. The serial 1/0O device sends the data on the transmitted
data line, which is received on the ‘+SIO rcvd data’
line at the expansion feature card.

When the serial 1/0 device is going to receive data from the
5100:

1. The lines data terminal ready and data set ready are
activated the same as when the 1/0 device is trans-
mitting data to the 5100.

2. The line request to send from the 1/O device (‘+SIO
clear to send’ at the expansion feature card) must
be off. Therefore, the line ‘+SI0 request to send’
at the card (clear to send at the 1/O device) will also
be off.

3. The 5100 sends the data on the ‘“+SIO xmit data’
line and the data is received on the received data line
at the 1/0 device.

The received line signal detector line is active when the
‘+S10 data term rdy’ line is active and is provided for
1/0 devices that require this signal.

Ignore Mode

In ignore mode, the sequence and function of the lines

are the same as they are in modem mode. (See Modem
Mode.) However, when the |/O device is going to send data
to the 5100, the 5100 turns on the ‘+SI0O request to send’
(clear to send line at the 1/O device) without checking the
request to send line from the 1/O device ('+SIO clear to
send’ at the expansion feature card).

When the serial 1/0 device is going to receive data from the
5100, the line ‘+SI0 request to send’ (clear to send at the
1/0 device) remains off.

Terminal Mode

A flip cable (terminal cable) is used in terminal mode to
connect the serial 1/0 device to the serial 1/0 connector.
In this cable the following lines are interchanged:

Data terminal ready and data set ready
Request to send and clear to send
Transmitted data and received data

Therefore, the line names at the serial |/O device conform
to the line names at the expansion feature card.

Theory Of Operation 2-13




The following diagram shows the lines that are used during
serial 1/0 operations and the way they are connected to the

5100 in terminal mode. Refer to the /BM 5100 Mainten-
ance Information Manual for the serial 1/O connector and
Z1 cable socket pin numbers.

Base 1/O Expansion

Card (F2)

Feature Card (B2)

‘+S10 data term rdy’ |

Bus Out

Bus In ‘+S10 request to send’

‘+S10 data set rdy’

'+S10 clear to send’

Device Adr Bus
+S10 xmit data’

'+S10 revd data’
Control

Z1 Cable

Serial 1/0
Connector

Serial 1/0 Device

Data Terminal Ready

Data Set Ready

Request To Send

Clear To Send

Transmitted Data

Received Data

‘+S10 revd line sig det’

+ext horiz dr

Signal ground

Signal Ground

Protective ground

Protective Ground

Internal Serial 1/0
Cable Terminal Cable

The function of each line and the sequence in which they 2.

The serial 1/0 device turns on clear to send (‘+SIO
are turned on and sensed in terminal mode is as follows:

clear to send’ at the expansion feature card) to
indicate that the device is ready to receive data from

® After the serial 1/0 program is loaded and enabled, the the 5100.

5100 turns on ‘+SIO data term rdy’ to indicate that it

is ready for serial 1/0 operations. 3.  The 5100 sends the data on the ‘+SIO xmit data’

line to the serial 1/0 device.
® The serial 1/0O device turns on data set ready, which is
sensed at ‘“+S10 data set ready’ at the expansion feature When the 5100 is going to receive data from the serial 1/O
card. device:

Note: The sequence in which data terminal ready and data 1.

The lines data terminal ready and data set ready are
set ready are activated is not significant.

activated the same as when the 5100 is transmitting
data to the 1/0 device.
When the 5100 is going to transmit data to the serial 1/0

device: 2. The line request to send (‘+SIO request to send’ at

the card) remains off. Thus, the line ‘+SIO clear to .

1.  The 5100 turns on +SI0 request to send’ to indicate send’ will also be off.

that it is ready to send data.

3. The data is received from the serial 1/O device on the
‘+S10 rcvd data’ line.
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Set Mode

In set mode, either the modem cable or the terminal cable
can be used to connect the 1/O device to the 5100.

When the modem cable is used, the sequence and function
of the lines are the same as they are in modem mode.

(See Modem Mode.) However, the 5100 turns on “+SI0
request to send’ (clear to send at the 1/0 device) without
checking the request to send line (“+SIO clear to send’ at
the expansion feature card) from the 1/0 device. The
‘+S10 request to send’ line remains on during transmit and
receive operations.

When the terminal cable is used, the sequence and function
of the lines are the same as they are in terminal mode.

(See Terminal Mode.) However, the 5100 turns on ‘+S10
request to send’ (request to send at the 1/O device) and does
not check the clear to send line (‘+S10 clear to send’ line

at the expansion feature card) before sending data to the
1/O device. The ‘+SIO request to send’ line remains on
during transmit and receive operations.

Note: The signal ground line provides a common ground
for all circuits. The protective ground line is connected
to the frame of the 5100.

EXPANSION FEATURE CARD

The expansion feature card is the interface between the
base 1/0 card and the data set or serial 1/0 device. The
card:

® Stores control information and transmit data that is
sent by the communications or serial 1/O microprogram

® Stores status information and received data that is read
by the communications or serial 1/0 microprogram

® Provides interrupts to the communications or serial
1/0 microprogram at a selectable rate for receive data
sampling and transmit timing

® Contains drivers and receivers to convert the data set
and serial 1/O device EIA voltage levels to 5100 voltage
levels

® Checks the device address and bus out for correct parity
when the expansion feature card is addressed

® Monitors the ‘rcvd data’ line during communications
receive operations for a long space condition, and sig-
nals the processor via an interrupt when a long space
occurs

® Switches between the communications and serial 1/0
connector

Refer to the expansion feature card logic diagram in the
IBM 51700 Maintenance Information Manual while reading
the following description of the expansion feature card
operation.

Addressing

The expansion feature card is addressed by the “+device adr
X3’ and ‘“+device adr Y3’ (DAF) or ‘+device adr YO’ and
‘+device adr X2’ (DAB8) lines from the base 1/0O card on the

device address bus.

DAF (device address F), ‘-control strobe’, and ‘-bus out 0’
reset the card logic.

DAB8 (device address 8) addresses the adapter during func-
tions other than reset.

Control Strobe

The ‘-control strobe’ line is made active by the communi-
cations 1/O microprogram or the serial 1/0 input/output
microprogram to gate control information to the card.
This control information is sent to the card on bus out and
controls the card when the lines are active as follows:

‘-bus out 0’

The timer interrupt latch is allowed to be set so the
card can generate a program level 1 interrupt.

‘-bus out 2'
The data rate clock starts when a start bit is received.
If “-bus out 2’ is inactive, the clock is allowed to run
continuously.

‘-bus out 3’

The timer interrupt latch is reset.
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‘-bus out 4’

Selects communications circuitry. If -bus out 4’ is in-
active, serial 1/0 circuitry is selected.

‘-bus out 5’
The long space interrupt latch is reset.
‘-bus out 6’

The '+com data term rdy’ line to the data set, or the ‘+SI10
data term rdy’ line to the serial 1/0 device, and other con-

trols within the card are set. When serial 1/0, modem mode,

is selected, "-bus out 6’ sets the ‘+SIO rcvd line signal
detector’ to the serial 1/0O device.

‘“busout 7'
The control logic, which prevents noise from being
accepted as a start bit, is turned on to detect the start
bit of a character.
Put Strobe
The ‘-put strobe’ line is activated by the communications
1/0 microprogram or the serial 1/O input/output micro-
program to gate data and controls to the card as follows:
‘-bus out 0’
Data on ‘+com xmit data’ or ‘+SI0O xmit data’ line.

‘-bus out 3’

Allows “+com request to send’ or ‘+S10 request to send’
to be set or reset.

‘-bus out 4’

Sets ‘+com request to send’ or ‘+SIO request to send’
when active and resets them when inactive.

‘-bus out 5’
Allows rate data to be loaded to the card from the

serial 1/0 input/output microprogram or communica-
tions |/O microprogram.
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‘-bus out 6’

Rate data (specifies the data rate from 20 to 9,600.5
bps).

‘-bus out 7'

Not used by the expansion feature card.

Start Execute

The ‘+start execute’ line is made active by the communica-
tions 1/0 microprogram or the serial 1/0 input/output micro-
program to latch data and status information that is stored
on the card to the communications 1/0 or serial 1/O input/
output microprogram. Data and status is sent on the bus

in lines as follows:

‘+busin 1’
‘+com clear to send’ or ‘+SI0 clear to send’ (refer to
Communications Data Set EIA Interface or Serial
1/0 Device EIA Interface).

‘tbus in 2’
‘+com data set rdy’ or ‘+SI10 data set rdy’ (refer to
Communications Data Set EIA Interface or Serial
1/0 Device EIA Interface).

‘busin 4’

‘Ig sp irpt’ Defines the source of the program level
1 interrupt.

‘bus in 7'
‘+com rcvd data’ or ‘+SI0 rcvd data’ (refer to Com-

munications Data Set EIA Interface or Serial 1/0
Device EIA Interface).



Expansion Feature Card Transmit Operation

When the expansion feature card and the data set or 1/0
device are ready to transmit, the card interrupt logic and
data rate clock are enabled. When an interrupt occurs at
a preselected rate (20 to 9,600.5 bps as specified by the
user), the communications |/O microprogram or serial
1/0 input/output microprogram sends the next bit to be
transmitted to the card via “+bus out 0'; addresses the
card (DAB8); and activates the ‘-put strobe’ line to gate the
data bit to the card. The transmit operation occurs in the
following sequence:

1. The fall of the data rate clock pulse on ‘-ungated
osc’ sets the timer interrupt latch. The timer interrupt
latch sets ‘-irpt req’ {interrupt request), which tells
the communications |/O microprogram or serial
1/0 input/output microprogram that the card is ready
to transmit a bit of data.

2. The data bit to be transmitted is sent to the card on
‘+bus out 0'.

3. The data bit and the rise of the data rate clock pulse
on ‘“+ungated osc’ sets the data bit in the transmit
buffer.

4. The bit is passed, via a driver circuit, to the ‘“+com
xmit data’ line going to the data set or to the ‘+SIO
xmit data’ line going to the serial 1/O device.

5. The timer interrupt latch is reset by the communi-
cations 1/O microprogram or serial 1/0 input/output
microprogram, and the sequence begins again to
transmit the next bit.

The sequence continues until all bits for the character are
transmitted. After transmitting the last bit, the communi-
cations 1/O microprogram or serial 1/0 input/output
microprogram disables the timer interrupt, but allows

the clock to run, until the program is ready to send another
character.

Expansion Feature Card Receive Operation

When the 5100 Portable Computer is in the receive state,
the “+com rcvd data’ or “+SIO rcvd data’ line is monitored
by the expansion feature card for a start bit (space level).
When a start bit is detected, the data rate clock is started
and a program level 1 interrupt is generated. (Refer to
the theory section of the /BM 5100 Maintenance Infor-
mation Manual for a description of a program level 1
interrupt.) This interrupt tells the communications |/O
microprogram or serial 1/0 input/output microprogram
that a bit has been received.

The microprogram in control addresses the card and acti-
vates the ‘-start execute bit’ line (which samples the bit on
the “+rcvd data’ line instantaneously) to gate the bit to the
communications 1/O microprogram or serial 1/0 input/
output microprogram.

Line noise only affects the value of the bit if it occurs when
the bit is sampled. For example, if a noise pulse occurred
at the exact same time as the '-start execute bit’ line is
activated (data bit is sampled), the noise pulse could be
detected as a bit. However, because this is an extra bit,

it could cause an error. (See Error Detection.)

The receive operation occurs in the following sequence:

1. The communications 1/0O microprogram or serial
1/0 input/output microprogram enables the start bit
error detect logic. This logic monitors the “+com
rcvd data’ or “+S10 rcvd data’ line for a space signal
equal to at least one-half the bit time of the data
rate being used.

2. During communications operations, the data set
receives the start bit from the communications line
and sends the bit on the “+com rcvd data’ line to the
5100. The serial 1/0 device sends the start bit on the
‘+S10 rcvd data’ line.

3. The ‘+com rcvd data’ or ‘+S10 rcvd data’ line is gated
to ‘bus in 7" and clock circuits. The start bit of each
character received starts the data rate clock that runs
until the complete character is received. Then the
communications 1/O microprogram or serial 1/0
input/output microprogram stops the clock and
enables the start bit error detect logic (“+bus out 7')
again.

4, The fall of the data rate clock pulse on ‘-ungated osc’
sets the timer interrupt latch and, during serial 1/0
operation, latches the received data in the ‘SIO data
buffer’.

5. The microprogram recognizes the interrupt, reads
the status latches, and resets the timer interrupt
latch.

6. The sequence of steps 4 through 6 continues until
the microprogram determines that all bits of the
character are received.

7. After all bits for the character are received, the clock

is turned off and the line is monitored for the next
start bit.
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Communications Transmit Interrupt

When the 5100 is transmitting, the remote system can
interrupt the transmission by sending a long space (com-
munications line is held at a space level (+) for a specified
time). The “+com rcvd data’ line is monitored during trans-
mit for a continuous space greater than 63 ms. When a
space level greater than 63 ms is detected, and “+com data
set rdy’ and ‘+com data term rdy’ are active, a program
level 1 interrupt is generated by the expansion feature
card. The long space interrupt sets the long space interrupt
status on ‘“+bus in 4’ to tell the communications |/O micro-
program that this is a transmit interrupt. If a long space
"is detected while the 5100 is receiving, an interrupt is
generated as is transmit, but it is ignored by the communi-
cations 1/0 microprogram.

Receive Interrupt

If the ATTN key on the 5100 is pressed during a communi-
cations receive operation, the communications 1/O micro-
program causes the adapter to transmit a space level on the
‘+com xmit data’ line equivalent to three characters long.
If the user selected EBCD and sends the character [3, the
serial 1/0 input/output microprogram transmits a space
level (three characters long) on the “+S10 xmit data’ line.

ERROR DETECTION

The types of error detection performed by the 5100 during
communications or serial 1/0 operations are:

® Parity errors — The characters are checked for correct
parity.

® Start bit errors (receive only) — The characters are
checked for a good start bit.

® Stop bit errors (receive only) — The characters are
checked for a good stop bit.
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Parity Errors

The communications /O microprogram or serial 1/O input/
output microprogram maintains the correct parity of each
character the 5100 transmits, and checks for the correct
parity of each character the 5100 receives. See Data
Format for the parity of each code the 5100 uses during
communications or serial 1/0 operations.

Parity errors are indicated by an OUT (O backspace U
backspace T) character on the display screen during com-
munications or serial 1/0 operations and the character —
in the communications diagnostic buffer during communi-
cations operations.

Start Bit Errors

During receive operations, the received data line is monitored
for a space bit (+voltage level). (When the 5100 or remote
system is in transmit mode but is not actually transmitting
data, the transmitted data line is held at a mark (—) voltage
level. Therefore, if the receive data line changes to the
space level, it irddicates the start of received data.) The
start bit error detect logic checks this first bit to determine
if it is a good start bit. A good start bit is at least one-half
bit time in duration. If the bit is a good start bit, the data
rate clock is allowed to run until the complete character

is received. If the bit is not a start bit (it could be noise)
the clock stops and the line is monitored for the next start
bit.

There is no indication of a start bit error. However, a miss-
ing or distorted start bit could cause a parity error, a stop
bit error, or both.

Stop Bit Errors

The communications 1/O or serial I/O input/output micro-
program checks each character for a stop bit by checking
for the correct number of bits in each character. The cor-
rect number of bits in each character depends on the code
being used (5-, 6-, 7-, or 8-bit). For example, a 6-bit charac-
ter contains 9bits, including the start and stop bits. There-
fore, the ninth bit must be a stop bit or a stop bit error will
occur.

Stop bit errors are indicated by an OUT character on the
display screen during communications or serial 1/0 opera-
tions and an underscore ( i) character in the communica-
tions diagnostic buffer during communications operations.



Much of the hardware and many of the microprograms used
during communications and serial |/O are also used in APL
or BASIC language operations. You should run all the hard-
ware diagnostic programs for better isolation when trouble-
shooting a communications or serial 1/0 problem. These
diagnostic programs are described in the /BM 5100 Maint-
enance Information Manual.

Wrap connectors (P/N 1608894 and P/N 1608382) are re-
quired for the MDI (maintenance diagnostic integrated)
program MD1 820. The wrap connectors can be attached
to the end of the cables or to the 5100 communications or
serial 1/0 connector. The wrap connectors connect the
line request to send to clear to send, the line data terminal
ready to data set ready, and transmitted data to received
data. This allows the communications/serial 1/O diagnostic
MDI 820 to check the control and data lines with the 5100
Portable Computer isolated from the data set or serial 1/0
device. If the wrap connector is attached to the end of

the data set or serial 1/0O adapter cable, the cable can also
be tested. Refer to the /BM 5100 Maintenance Information
Manual for the internal wiring of the wrap connectors.

COMMUNICATIONS DIAGNOSTIC BUFFER

All characters transmitted or received during communica-
tions are placed in the communications diagnostic buffer.
This buffer is a 266-byte buffer in read/write storage; it is
used to store all transmit and receive data. All characters
(including control and function characters that are not
normally displayed on the screen) that are received from or
transmitted to the communications line are stored in the
buffer. Therefore, the buffer can be used to isolate prob-
lems between the 5100 and the communications network.

Because the diagnostic buffer can contain only 256 char-

acters, you might find it necessary to stop the communi-
cations operation to check the data desired.

You can stop the communications operation when you are
transmitting data from the 5100 keyboard as follows:

1. Enter the data from the keyboard and press the
EXECUTE key.

2. Press and hold the shift key.

Diagnostic Aids

3. Press the ATTN key.

4. Display the diagnostic buffer. (See Displaying the
Diagnostic Buffer.)

You can stop the communications operation when the 5100
is transmitting data from tape as follows:

1. Press and hold the shift key.
2. Press the ATTN key.
3. Release the shift key and press the ATTN key again.

The tape operation stops and you can display the data in
the buffer. (See Displaying the Diagnostic Buffer.)

You can stop the communications operation when the
5100 is receiving data as follows:

1. Press and hold the CMD key.
2. Press the ATTN key. (This procedure will cause
the rest of the message to be lost and you might
have to sign on or dial the remote system again to
resume the receive operation.)
The receive operation will stop and you can display the last
256 bytes of data received in the buffer. (See Displaying
the Diagnostic Buffer.)

Displaying the Diagnostic Buffer

To display the diagnostic buffer, enter the command
&DIAG 0 (zero) as follows:

1. Press and hold the CMD key and press the 1 key.
The character & is displayed on the screen.

2. Enter DIAG space 0 (zero) and press EXECUTE.

Refer to CE Display while reading the following description
of how the data is displayed.
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When the buffer is displayed:
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The data in the buffer is displayed in four lines at the
top of the display screen.

The buffer contains 256 characters; the most recent
characters received or transmitted appear on the last
line (line 4). The last character entered is displayed in
the last position of the last line. When the buffer is full,

the oldest character (first character on line 1) is lost when

a new character is entered.

Transmitted characters are underlined. An example of
transmitted characters is shown on lines 1 and 3.

Received characters are not underlined. An example of
received characters is shown on lines 2 and 4.

Function and control characters are displayed as special
graphic characters. An example of function and control
characters is shown on line 1.

All data characters (BASIC or APL) are displayed as
APL lower shift characters.

Upper shift data characters are also displayed as APL
lower shift characters preceded by an upper shift func-
tion character (>). An example of this is shown on
lines 2 and 3.

Refer to Communications Character Code Charts in Appen-
dix, Character Code Charts, to decode the characters in the
buffer,

To determine what translation of the EBCD or correspond-
ence code characters (APL or BASIC) the 5100 is using,
search the extended display for the last &SYSTEM command
entered, or display address hex 0142. (Refer to the /IBM
5100 Maintenance Information Manual, DCP1 Functions

for instructions on how to display data in read/write storage.)
Check the &SYSTEM status bit (bit 15) of the displayed
data, which indicates:

Bit 15 Translation
1 APL or APL.SV
0 BASIC or OTHER

To determine if the displayed data is upper shift or lower
shift, scan right to left to the first shift function character.
For example, in line 4 of the CE display, an upper shift
function character (>) precedes the character A; therefore,
the characters A through 0 are upper shift characters. |f

a (1 with EBCD and 9 with correspondence code) is
encountered before a shift function character when scanning
right to left, the characters to the right of the @ are
lower shift.

Note: The ] or 9 can be either a data character or a @ .

the @ is normally preceded by a @ (=). '



The following example of data in the diagnostic buffer

(CE Display) shows how data, function, and control char-
acters appear in the communications diagnostic buffer. The
example of data in the extended display shows how the same
data appears in the extended display and on the display
screen.

CE Display

Lower Shift

Backspace New-line

Oldest ST
Character CE DISPLAY

{
Line 1 — GHIJKLMNOPQRSTTUVWXYZ, L

1S

Line2 — CHEFGHIJKLMNOPQRSTTUVWXYZ . L, 16X+ /123056789 00943
Upper §Lﬁt Data

Line 3 — KABCIEFGHIJKKLMNOPQRSTUVWXYZ. L, 1€X+/ 128456789 0K 10=1 =R LF
Line 4 — .:_’.ig;“_wj];ﬁABCI’EFGI'i TIJKLMNOPARSTUVWXYZ L, 1ex+ /12345467890 50293 A 2

DEL Characters Used

U Shift
pper Shi for Timing Delay

Function Character

! Upper shift.
2 Last character entered.
3The isa ] with EBCD. (See Communications Code Charts.)

Extended Display

Oldest Character in Transmitted APL

CE Display \ Lower Shift Characters
Line1——————A¢"' ﬁBiZ?lﬁlEI%HIJKL.MNUPQRSTTLNNXYZ L lex+ /1L 230E6T7HYD
Line 2—— Transmitted —f _— Received APL
Line 3—— ——— ABCOEFGHI JKLMNOPQRSTTUVWXYZ . L, 16X+ /1230567870 Lower Shift
Line4—————————— Be o:.l.nﬁlﬁe.‘.‘vm o "JlroxPpl~vbuante: (G ) de=\""admirlva
Line 5 —— Transmitted — & Transmitted APL Upper Shift
Line 6 ————— olnl e VArve '[JlroxPpl~dywata: ()4e-\""0imil@fva

Received APL Upper Shift

Line 1 of the CE display shows the transmitted message
(transmitted characters are underlined) that is shown on
line 1 of the extended display example. The first portion
of this message (A < ‘ABCDEF) has overflowed the buffer
and is not displayed on the CE display. The end of this
message is indicated by the first © (=) on line 1.

Also on line 1 of the CE display is the message A that

was transmitted by the 5100 as shown on line 2 of the
extended display example. In this message you can see
the @ (1), which indicates the start of the message, and

the @ (=), which indicates the end of the message. The

rest of the characters between the @ and the © make
up the message A.
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The message A was not transmitted as one character. This
message is composed of the data and function characters
An<F <@ as shown on line 1 of the CE display and was
transmitted from the keyboard as follows:

1. The character A was entered and transmitted.

2. The backspace key was pressed, which caused the
backspace function character n to be transmitted.

3. The shift key was pressed and held, and the character
__ (F key) was entered. This caused the uppershift
function character < and the data character F to be
transmitted.

4.  The shift key was released and the EXECUTE key
was pressed to indicate the end of the message.
This caused the lower shift function character <,
the new-line character @, and the (=) to be
transmitted.

The characters on the first part of line 2 of the CE display
are lower shift characters that were received from the re-
mote system. This message is shown on line 3 of the ex-
tended display example. To determine (in the CE display)
that these are lower shift characters, scan right to left to

the first shift function character or . In this mes-
sage, a is encountered before a shift function char-
acter; therefore, the characters are lower shift.

The message on line 3 of the CE display contains trans-
mitted upper shift characters because they are preceded by
an upper shift function character (<) (the last character on
line 2). This message is shown on line 4 of the extended
display example.

Hardware Interrupts

R R

NETWORK ANALYSIS SUBROUTINE

The network analysis subroutine measures the fidelity of
the communications network. This provides the service
personnel with a technique for isolating problems between
the IBM 5100 Portable Computer and the communications
network.

The network analysis subroutine samples and analyzes an
alternating mark and space pattern of either 134.5 or 300
bps received by the 5100. Samples are taken of the ‘+rcvd
data’ line at a uniform rate of five samples per bit (Figures
1 and 2). Any samples in error are accumulated in counters
and are displayed at the end of the test. (See How Data Is
Accumulated.) The total number of bits sampled is also
counted. Sampling is synchronized for every bit by a hard-
ware timer interrupt that ideally occurs at the midpoint of
the bit. The hardware timer is synchronized every 20 bits
by detecting and locking on the midpoint of a start (space)
bit.

With the start bit detect circuitry enabled, an interrupt
occurs halfway through the next space bit if there is no
noise on the bit. If the signal is noisy and the interrupt
does not occur within the allotted time period, a sync error
is detected and stored in a counter and the next space bit is
used as a sync bit. When 256 consecutive sync errors

occur, the sampling ceases and an error message is displayed.

When the signal is good and the interrupt for the start bit
occurs, the next five samples are checked to determine if
the interrupt was approximately at the midpoint of the
start bit. If all five samples are good, the next 19 bits are
sampled and the samples analyzed before resynchronizing
the hardware timer. If one or more of the first five samples
are bad, a sync error is accumulated; and the center sample
of the bit plus all other samples detected as bad are accum-
ulated in the error counters. As the circuitry is set to detect
the next start bit, the intervening mark bit is not sampled.

R R N

Space 1
1 2 3 4 5 6 7 17 118 |19 |20 1 2 3

Mark O

Start Start

Bit Bit
Enable Check for Good Enable
Start Bit Start Bit Start Bit
Detect Detect

Figure 1. Synchronization Sequence
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Samples

R R I R

-

M3 M4 M5

St S2 S3 S4 S5

Space
S1 S2 S3 S4 S5

Mark M1 M2
Sample <~—Interrupts
Number

134.5 bps 300 bps
7.43 ms 3.33 ms
1.487 ms 0.666 ms

< X
[T

Figure 2. Sample Sequence

Operating Instructions
To operate the network analysis subroutine:

1. Load DCP2 (diagnostic control program 2) and
select MDI (maintenance and diagnostics integrated)
894 with the options specified.

2. Press EXECUTE to load the selected MD! and to
display the MDI options.

3. Select the step mode and enter step 31 for 134.5 bps
or step 32 for 300 bps.

4, Press EXECUTE. The display then indicates the
procedure for establishing a data link with the facility
that will transmit the alternating test pattern.

5. Dial the remote facility and establish a voice link.

6. Coordinate the type of test to be performed and the
procedure to be used to establish the data link
(channel).

7. Press EXECUTE to make the IBM 5100 ready and
initiate the subroutine.

8. Place the answering data set in the data mode by
pressing the DATA key.

9. When the carrier tone is heard in the originating
data set, place it in data mode by pressing the DATA
key on that data set.

<Y >

The status displayed at the bottom of the display screen
should proceed from DS NOT READY when EXECUTE is
first pressed to NOT CLR TO SEND when the DATA key

is pressed, then to RECEIVING when the channel has been
established and data is being exchanged. If DS NOT READY
status remains after the DATA key is pressed, check that

the 5100 is connected to the telephone line. If NOT CLR
TO SEND status remains after the DATA key has been
illuminated for approximately’5 seconds, press the TALK
key, reestablish the voice link, and try again.

To return to the voice mode from the data mode, lift the
handset and press the TALK key. The tone should cease
and the voice link should be reestablished when the TALK

key is pressed on the remote data set.

Pressing ATTN while DS NOT READY or NOT CLR TO
SEND status is indicated terminates the test.

The following paragraphs describe the status messages and
provide possible causes of the DS NOT READY and
NOT CLR TO SEND messages:

DS NOT READY — Ready status was not received from
the data set because:

1. The data set is not connected to the telephone
line,

2. The data set is not in the data mode,
3. The data set cable is not connected to the 5100,

4. The 5100 is not generating the ‘data term rdy’
signal properly, or

5. The data set is not operating properly.

Diagnostic Aids  3-5




NOT CLR TO SEND — The data set is ready, but
‘clear to send’ was not received from the data set
because:

1. The carrier from the distant data set is not
detected,

2. The 5100 is not providing the ‘request to send’
signal properly, or

3. The data set is not operating properly.
RECEIVING — Data link is established.
When the network analysis subroutine is executed, it:
® Initializes registers and error counters.

® Performs the data link handshaking functions and
displays the status message RECEIVING.

@ Synchronizes sampling to a good start bit.
® Samples the ‘+rcvd data’ line and analyzes the samples.
® Synchronizes sampling every 20 bits.

Sampling is terminated when ATTN is pressed, when one of
the sample error counters reaches its maximum value of
64K, or when an error condition is detected. |f ATTN is
pressed or if one of the counters becomes full, the first
graph is displayed (see Displays). If an error is detected,
the appropriate error message is displayed. The error
messages are:

® |NITIAL SYNC ERROR — 512 bit times elapse
without establishing
synchronization.

® RESYNC ERROR — 256 consecutive bit times elapse
without reestablishing
synchronization.

® [INTERRUPT ERROR — Hardware interrupt fails
between sync times.

e DATA LINK ERROR — Data link is disconnected due
to loss of either ‘data set rdy’
or ‘clear to send’ signal or
both.

3-6

After viewing the error message and/or each page of
results, four options are available:

1. Page to the next graph. Paging from the last graph
returns to the first graph.

2. Continue the test with all the error counters
unaltered.

3. Restart the test with all the error counters
reinitialized.

4, Terminate the test.

Remote End Operation

The network analysis subroutine requires a continuous
alternating 1/0 pattern on the ‘+rcvd data’ line. The bit
rate may be either 134.5 or 300 bps. The rate is set by the
entry used to start the MDI routine.

The source of the alternating pattern may be:

® Remote system software routine

® CE test panel

® Teleprocessing diagnostic analyzer tester (TDAT)

When using remote system software routines, these routines
must provide a continuous alternating pattern. This pattern
must not be modified by the communication line interface
through the insertion of formatting bits or control charac-
ters. CE test panel on the 370X communication
controllers can be connected to a communication line and
transmit the required pattern. For the correct procedure,
refer to the maintenance manual for the controller being
used.

An alternate procedure that can be used involves the use of
the TDAT. With this procedure, the 5100 transmit routine
provides an alternating pattern that is recorded on tape by
the TDAT. The recorded data is then played back to the
5100 by the TDAT for the network analysis subroutine.
Refer to the 7200 Teleprocessing Diagnostic Analyzer
Tester manual, S226-3029, for this procedure.



How Data Is Accumulated

Counters accumulate the following information:
1. Total number of bits sampled

2. Number of sync errors

3. Number of sample errors for each sample position
for both mark and space bits (Figure 2)

4, Number of consecutive error-free bits

5. The number of error-free bit strings in lengths
ranging from less than 16 bits to greater than 64K
bits

After each bit is sampled five times, each sample is checked
for correctness by comparing its value to the expected
value for that sample. Any incorrect sample increments
the corresponding sample error counter.

The center-bit sample is used to determine consecutive
error-free bit counts. The consecutive error-free bit
counter is incremented after every consecutive good
center-bit sample. Incrementing of the counter ceases
when it reaches its maximum value of 64K. When the
center-bit sample is incorrect, the magnitude of the
consecutive error-free bit counter is checked to determine
which error-free bit string counter to increment. The
consecutive error-free bit counter is then reset to 0 to
prepare for the next error-free bit string. Sync errors are
treated the same as center-bit errors for error analysis
purposes.

Displays

Results of the network analysis subroutine are displayed in
the form of three bar graphs on the display screen:

1. Space errors by sample
2. Mark errors by sample

3. Error-free bit strings
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Space and Mark Error Graphs

The space and mark error graphs each consist of five
horizontal bars of asterisks that plot the number of incor-
rect levels discovered on the ‘+rcvd data’ line at each of the
five uniform bit sampling times. The actual number of
errors for each sample time is also displayed as a 5-digit
decimal number in the total column at the extreme right
of the graph.

The scale of errors along the bottom of these graphs is not
linear. The value of each space on the graph increases with
each 10-space division from left to right. For example, on
the extreme left of the scale, in the 0-16 error range, every
two asterisks in a bar represent approximately three errors.
In the middle of the scale, between the 64 and 256 divi-
sions, each asterisk represents approximately 19 errors. At
the extreme right of the scale, between 512 and 1K divi-
sions, each asterisk represents approximately 50 errors.

The total associated with each sample displays the actual
number of errors for that sample. Although the graph
only goes to 1K, up to 64K can be displayed in the total
column for each sample.

Displayed on the bottom line of these graphs are the total
number of bits received during the test, the number of bit
synchronization errors, and the data transmission rate
being tested (either 134.5 or 300 bps).

MO #8yy STEP NO. 031 -
SPACE ERRORS BY SAMPLE

SHOMPLE TOTAL
1 | pooon
9 | 93 3 % goong
3 J 36 96 36 3 6 B 3 36 B S6 e I6 e e 2 e 6 96 36 96 3 36 3 26 9 3 96 36 263 9 X% pa2av
14 | 96 36 36 96 I 36 3¢ 36 I 36 00016
) 19 36 36 3 36 36 36 36 36 36 3 36 36 36 9 3 96 H 36 36 ¢ 0068

| | | | ]
ERRORS : 1é & 256 512 1K
TOTAL BITH=04369255 SYNE ERRORS=00170 RATE=134 .5 RBPS

ENTER P(PAGE)Y, COCONTINUEY, R(RESTART) OR TC(TERMINATE) P

STATUS: ENTER REPLY

MOy 89u STEP NO., 032 -

MARK ERRORS BY SAMPLE

SAMPLE TOTAL
1 [ 36 36 36 6 He 36 36 A 36 36 6 36 I A6 A6 I 2 I6 3 36 3626 3 3 I I 3 36 96 96 I I 9 3 A MK o512
2 96 36 96 36 36 36 36 36 I 36 36 36 36 26 I 36 I 06 96 3626 96 D6 IE I 6 I I 36 36 I 36 26 3626 I 36 96 3 005468
3 b 36 36 36 36 36 36 3 36 36 96 36 6 I 36 3 36 3 36 36 6 I 36 36 33 M6 W H I WMWK R KRR URN (0L 024
I |96 96 96 36 96 36 3 I6 36 3 I6 A6 I 36 I6 6 I I A6 IE A6 I I I 6 A6 36 I I I 626 36 3 00341
b b 36 36 96 36 36 36 36 36 36 36 36 3 36 36 36 36 36 I 36 3 36 6 96 36 36 3 36 36 36 3 96 6 36 96 I 36 96 3 I 6 W W WK ATHH ALY

| ] | | |
ERRORS : L& & 256 512 1K
TOTAL RBITS=0434925% SYND ERRORS=00170 RATE= 300 BPS

ENTER POPAGE).,
STATUS: ENTER

COCONTINUE ) ,
REPLY

RERESTARTY OR TC(TERMINATE) P
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Error-Free Bit Strings

The third graph plots the occurrences of various lengths of
error-free bit strings received during the test. An error-free
bit string is a consecutive series of bits in which the center
sample (sample 3, see Figure 1) was correct. The beginning
of an error-free bit string is either the start of the test or the
first correct bit after the last error bit. The end of an error-
free bit string is the bit preceding an error bit. The error-
free bit string is a measurement of the time that the com-
munications network operated error-free between failures.

Bit string lengths are divided into eight ranges. Each occur-
rence of an error-free string of bits causes the counter for
the proper length range to be incremented when the string
is ended by an error.

Plotted on the graph is the value of each of the eight length

range counters as a horizontal bar of asterisks. Each counter

value is also displayed as a 5-digit decimal number in the
total column at the extreme right of the graph. As with the
space and mark sample graphs, up to 64K can be displayed
in the total column for each error-free range.

MOT 894 SBTEF WO, 031
RAMGE (BITE?

FAME Iw
1 GK -~ AW T 366 326 36 036 9 336 3
L o @I 96 96 96 3% 26 36 36 36 36 36 3 46 36 36 9% 36 36 36 96 96 30 3¢

DI LI |3 9606 30 9 20 3 3 30 I 3 36 6 36 6 96 36 3 6 36 3 26 3 96

DE G LI ]9 20 3 26 36 36 96 36 6 36 I 36 36
| 96 36 36 36 36 3 36 36 36 36 I I 36 36 3 I I I I 36 3 3¢
[ 96 36 36 36 36 3 96 36 36 3 96 3 26 36 2

Lé-i3

ERROR~-FREE

The scale of occurrences along the bottom of the graph is
not linear. The value of each space on the graph increases
with each 10-space division from left to right. For example,
on the extreme left of the scale, every two asterisks in a bar
represent approximately three occurrences of a bit string.

In the middle of the scale, between the 64 and 256 divisions,
each asterisk represents approximately 19 occurrences of a
bit string. At the extreme right of the scale, between the
512 and 1K divisions, each asterisk represents approximately
50 occurrences of a bit string.

Also displayed on the bottom line of the graph are the

total number of bits received during the test and the current
value of the error-free bit counter. The error-free bit
counter indicates the number of bits received by the net-
work analysis subroutine since the fast bit error or since

the beginning of the test if no bit errors were detected.

TOTAL
gooo2
nonzo
nanen
00128
Gnoun
oooae
Gogun

oy

o L5 ] 9636 36 36 36 36 36 36 3 36 36 36 36 3 M 36 3 3 36 3 I 36 6 3 3 I 236 6 I I B MM I 2 960360 L 02N

!
OLCURRENCES 1é&
TOTAL BITH=0M3&F250

| I |
256 Gl 1K
ERROR-FREE RITE=6GH3G

ENTER PCPAGE), C(CONTINUEY, R(RESTART) OR T(TERMINATE) P

STATUS: ENTER REPLY
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Restart

Start

Restart entry
from options

Continue

Set timer and
sample rates

Continue entry
from options

Initialize register
and error counters

Restore consecutive
error-free bit count

Data link
handshaking

Set up to detect
start bit

Wait for interrupt

256 sync errors

Sample start bit

Good start bit

Display initial sync
error message

Reset interrupt

Exit to options

Yes



-,

Increment total
bit counter

Increment consecutive
error-free bit counter

Reinitialize for
analysis

Wait for interrupt

Interrupt

No

Sample bit

Analyze samples

Increment total
bit counter

No

Display interrupt
error message

Exit to options
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Sample start bit

)

Set up to detect
start bit

Wait for interrupt

Good start bit

Reset interrupt

Interrupt

No

Display resync
error message

Increment resync
error counter

Set center bit
sample error

Analyze samples

Increment total bit
counter

256

Exit to options

consecutive resync
errors

No




COMMUNICATIONS/SERIAL 1/O
TROUBLESHOOTING GUIDE

Use the following chart as a guide when troubleshooting
communications or serial 1/O problems:

— Run MDI 820; the communications/serial 1/O
diagnostic MDI 820 tests the communications
and serial 1/O hardware (B2 card, internal
cables, and external cables). If you suspect
the internal cables (cables from Z1 socket to
the serial 1/O communications connector —
see the IBM Maintenance Information Manual),
you can jumper the following signals at the Z1
socket and run MD1 820:

Data terminal ready to data set ready
Request to send to clear to send
Transmitted data to received data

If the problem is intermittent, run MDI 820
several times.

DID MDI 820 RUN ERROR FREE?

Y N

— Correct the problem indicated by MDI
820 and rerun MD1 820. If the diagnostic
runs error free, retry the user’s job.

DOES THE USER’S JOB STILL FAIL?
Y N
— Good!

— Go to entry 002.

002

— Run the 5100 diagnostics. Because the communi-
cations and serial 1/O features use existing ROS
microprograms and microprograms in read/write
storage, you should run the 5100 diagnostics to
eliminate possible problems in these areas.

DID THE 5100 DIAGNOSTICS RUN ERROR
FREE?
Y N

A B

A B

Y N

— Correct the problem indicated by the
5100 diagnostics and rerun the user’s
job. If you are unable to correct the
problem indicated by the 5100 diag-
nostics, use existing support procedures.

DOES THE USER'S JOB STILL FAIL?
Y N
— Good!

— Go back to entry 002.

ARE YOU USING THE COMMUNICATIONS

FEATURE?

Y N

— The 5100 appears to be functioning
normally. Check to make sure that the
correct serial 1/0 cable is connected to
the 1/O device and that the user speci-
field the correct device characteristics.
(See the /BM 5100 Serial 1/0 Adapter
Feature User’s Manual.)

IS THE 5100 USING SWITCHED LINES?

Y N

— Use the 5100 communications diagnostic
buffer to verify that the data is being
transmitted and received by the 5100
correctly. If the user’s job still fails,
have the user contact the telephone
company and request a line test. [f the
job still fails, use existing support proce-
dures.

— If you dial the remote system again (two or
three times if necessary and wait 15 minutes
between dialing), you might establish a
different route on the communications net-
work. This procedure could bypass possible
network problems.

DOES THE USER'S JOB STILL FAIL?

Y N

— If redialing corrected the problem, there
are possible problems with the com-
munications network. If the problem
persists, have the user contact the tele-
phone company.

Diagnostic Aids
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Y

! Dial a system with test capability and send
a test message. |f thisis not possible, dial
the user’s remote system and send a test
message.

DID THE REMOTE SYSTEM RECEIVE THE

TEST MESSAGE CORRECTLY?

Y N

— Check the data in the 5100 communica-
tions diagnostic buffer.

IS THE DATA CORRECT IN THE BUFFER?
Y N
— The problem appears to be in the
5100. Use existing troubleshooting
and support procedures.

— The 5100 appears to be transmitting cor-
rectly. Retry the user’s job; if it still
fails, ask the user to contact the tele-
phone company and request a line test.
If the job still fails, use existing support
procedures.

— Have the remote system system send a test
message to the 5100.

DID THE 5100 RECEIVE THE TEST MES-

SAGE CORRECTLY?

Y N

— Use the 5100 communications diagnostic
buffer to check the received data.

IS THE DATA IN THE BUFFER CORRECT?

Y N

— The data was not received correctly.
The remote system did not send the
correct data, or there are possible
problems with the communications
network. Have the user contact the
telephone company and request a
line test. If the job still fails, use
existing support procedures.

— The problem appears to be in the 5100.
Use existing troubleshooting and sup-
port procedures.

— The 5100 appears to be receiving correctly.
Retry the user's job; if it still fails, use
existing support procedures.
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A communications network consists of the equipment and
transmission lines that transmit data between terminals
and computers. The following diagram shows a typical
communications network involving the IBM 5100 and a
remote system. Because communications network config-
urations vary from network to network, this diagram may
not show the network configuration involving your 5100.

I1BM 5100
Portable
Computer

| =

Data set

| =

|

Communications
Lines I

Communications Networks

Remote
system

o

Transmission
control unit

Telephone
switchboard

N

Telephone
exchange
office

RN

Telephone
exchange
office

o

Data set

In this network, the data flow between the IBM 5100

Portable Computer and the remote system is as follows:

n The 5100 sends the data to the data set.

E The data set sends the data to a telephone
switchboard.

B The telephone switchboard routes the data to the
local telephone exchange office via communications

lines.

n The local telephone exchange office sends the data
to the telephone exchange office at the location of
the remote system via communications lines.

B The telephone exchange office sends the data to the
data set at the location of the remote system.

ﬂ The data set sends the data to the transmission control
unit and remote system.

Communications Networks
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SWITCHED NETWORKS

The communications network in the preceding example is
called a switched network. A switched network uses the
same lines and exchange equipment that telephone com-
panies use for normal voice communications. To establish
a connection between the 5100 and a remote system, you
must dial the remote location.

Switched lines may take different routes each time you

dial a certain location. Some reasons for this include sit-
uations, such as unavailable lines during peak calling periods,
and problems with equipment. It is common for data being
transmitted a few hundred miles to actually travel thousands
of miles because of busy lines during peak calling hours. As
it travels, the data can encounter many devices, such as
amplifiers, microwave equipment, and terminating and
switching equipment. Therefore, if you have transmission
problems, dialing again might establish a different route,
which could solve the problem.

NONSWITCHED NETWORKS

Unlike switched networks, nonswitched networks (leased
lines) always use the same route to the remote system and
do not require dialing to establish the data connection.

As in switched networks, nonswitched lines may also be
routed through many different network devices, such as
amplifiers, exchange equipment, and microwave equip-
ment. When you have problems with nonswitched lines,
you cannot establish a different route by dialing. You will
usually find it necessary to work with a representative from
a telephone company.

COMMON TERMS

When you are working with a representative of a telephone
company, it will be helpful if you are familiar with the
terms that are used to describe problems and components
of a communications network. The following are some of
the terms that apply to the 5100 communications and
serial 1/0 adapter features:

Asynchronous is a type of transmission in which each
character is synchronized individually with a start and
stop bit. (See Data Format in Theory of Operation.)

Baud is a term that represents the data rate. One baud
is equal to 1 bit of data per second (1 bps). For example,
300 baud is equal to 300 bits per second.

Carrier is a high-frequency signal that is modulated by
voice or data signals (the frequency depends on the data
set design). When you dial the remote system, the tone
you hear in the receiver is the carrier. If the tone is
steady, it is not modulated. If the tone sounds like
many tones combined (varying tone), it is modulated.

Data phone' is a telephone designed for data
transmission.

Data set (modem) is a device that supplies the carrier
during data communications, modulates the carrier with
the data signals, and transmits it over the communica-
tions lines. The data set also receives the modulated
carrier from the communications lines, demodulates

it (removes the data from the carrier) and sends it to
the terminal or computer.

Demodulation is the process of removing the data from
the carrier.

Duplex indicates that data can be transmitted in both
directions.

Full duplex indicates that data can be transmitted in
both directions simultaneously.

Half duplex indicates that data can be transmitted in
both directions, but not simultaneously.

Line adapter is an impedance matching device used to
connect other devices to communications lines. Line
adapter is also used, at times, as another term for data

set or modem.

Line hit is electrical interference that causes spurious
signals on a data circuit.

Mark indicates the presence of a bit on a data circuit.
(See Data Format in Theory of Operation.)

Modem. (See data set under Common Terms.)
Off hook indicates that the line is connected or active.

On hook indicates that the line is disconnected or
inactive.

A trademark of the Bell system.



Ring side is the conductor of a cable that is connected
to the ring of a plug or jack.

Example:

Ring Tip

(o
N

Space indicates no data bit on a data circuit.

Start-stop is a term for asynchronous data transmission
using an ST (start) and an SP (stop) bit to synchronize
each character on the data circuit. (See Data Format
in Theory of Operation.)

Tip side is the conductor that is connected to the center
or tip of a plug or jack. (See ring side under Common
Terms.)

DATA SET FUNCTIONS

The data set converts the data signals from a terminal or
system to signals that can be transmitted over the com-
munications network, and converts the signals from the
communications network to signals that can be used by
the terminal or system. The following diagram and brief
discussion show how this is done normally.

1BM 5100 Data Set
Modulator
Transmit data and transmit
circuits

Demodulator

~N

Communications

lines

Data terminal ready

Data set ready
Control

circuits

Request to send

Clear to send

Receive data and receive |
circuits
Signal ground Power
Protective ground supply

J—s
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A data set has circuits to transmit a carrier on the commu-
nications lines, circuits to modulate the carrier with data
signals during transmit operations, and circuits to demod-
ulate the carrier during receive operations. The carrier is
used to minimize the affects of noise and distortion on the
data signals and allow transmission of more than one data
signal on the same network simultaneously. In addition,
there are control circuits to sense and activate signals that
control the data set and the terminal or system communica-
tions operation. The control signal line names, pin numbers,
and voltage levels are standardized by the EIA (Electronics
Industry Association) and are called the EIA standard inter-
face. (See Communications Data Set EIA Interface or
Serial 1/0 Device EIA Interface for an explanation of the
ElA signals used with the 5100.)

The data set sequence of operations when the 5100 is trans-
mitting data is as follows:

1. The 5100 turns on data terminal ready to indicate
that the 5100 is ready to communicate.

2. The data set turns on data set ready to indicate that
the data set is ready to communicate.

3. The 5100 turns on request to send to indicate that the
5100 is ready to transmit data.

4, The data set turns on clear to send to indicate that
the data set is ready to transmit data and turns on
the carrier. When the 5100 is not sending data, the
carrier is held at a mark frequency.

5. The 5100 sends the data on the transmit data line to
the data set.

6. The data set modulates the carrier with the data sig-

nals and transmits the signals over the communica-
tions lines.

4-4

When the 5100 is receiving data:

1. Data terminal ready and data set ready are turned on
as in a transmit operation.

2.  The data set receives the data from the communica-
tions lines in the form of a modulated carrier. When
no data is being transmitted, the carrier is held at a
mark frequency.

3. The data signals are separated from the carrier by the
demodulation circuits and sent to the 5100 on the
received data line. The first bit of a character (ST
bit) is a space level (+ voltage) on the received data
line which indicates the start of a character to the
5100.

After all data is transmitted or received, the control lines
(except data terminal ready and originate) and carrier are
turned off until the 5100 requests another transmit or
receive operation.



The following character code charts show the EBCD corre-
spondence code, 5-, 6-, and 7-bit characters, the corre-
sponding 5100 characters, and their bit values as they
appear on the receive data and transmit data lines. These
charts do not indicate the characters as they appear on the
5100 keyboard. The 8-bit code uses the hexadecimal values
00 through FF.

Appendix. Character Code Charts

Character Code Charts
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COMMUNICATIONS CODE CHARTS

The communications code charts show the EBCD and cor-
respondence code data, function, and control characters
that are used with the communications feature. Use these
charts to determine the bit values of the characters on the
transmit data and receive data lines and determine what the
graphics indicate that appear in the diagnostic buffer.

Code Chart of Function and Control Characters (For Both EBCD and Correspondence Code)

Character in
Communications
Diagnostic Bit Value
Buffer BA8421C Meaning
< 8 4 Upper shift
= 8 4 1 C
©) B 8 4 1 C New line
n B 8 4 2 C Backspace These characters can be
c B A8 4 1 k - Tab ( received and transmitted.
< B A8 4 2 Lower shift
] 8 21 @‘
Blank Space
+ 8 4 C Punch on
A 8 4 1 Reader stop
A A8 42 C EOB
B A8 4 21 Prefix These characters are received,
U B A8 4 C Pmeh off ! but are ignored. They cannot
> BA8421C DEL be transmitted.
\ A 1 C Invalid idle
- B Invalid idle
+ B A C Invalid idle
~ B 8 4 21 Valid idle
w A8 4 Bypass l These characters are received
z A8 4 1 C Line feed and used. They cannot be
= B 8 4 Restore transmitted.
Receive parity error
i Receive stop bit error
\ Indicates a transmit long space

1 This character can also indicate a ] or ) data character in the diagnostic buffer when using EBCD or a 9 or ™ data
character when using correspondence code.



Code Chart for EBCD Data Characters

GRAPHIC CHARACTERS
APL BASIC

ERCD ERCI

LOWER
SHIFT

UPPER
SHIFT

LOWER -
SHIFT

UPPER
SHIFT

LOWER
GHIFT

UPPER
SHIFT

RIT VALUE

A8 Y 21

C

(¢
1
f

&

~ >

A
B
C
I
E

F
G
H
I
J

Ho =T

o a0 o

A
R

18]
B
B
K
3]

I
B

1

2

1

222D
5

W 2
[

s
3T
—

Q2T R

=TT

G- =03 -

SZITC R

HOHZIZUITIR

=TT

OS> 3 =X | Cav = Q

&+ n S 0T

p
@

=

o
[S2]

—

K
K
E
R

K

I

e

> >

R

G

R

- X E <<

=XIEITIT

< xXx=E<cC

u

- X E <

1. 1,
4

DD D

=
)

C

=N 4 x

o E R

-

K
1]

INEN]

Z « Z Z z Z A 8 1
. : . . B A8 !

L ( % ! % ! B 5] 210
11 ) # ; # . 8 21

. -+ @ ¢ @ ¢ A

G
C

<

8

fes]

These characters appear in the communications diagnostic buffer.

lThe character ] can also indicate a @ in the diagnostic buffer.

Character Code Charts
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Code Chart for Correspondence Code Data Characters

5-4

GRAPHIC CHARACTERS

These characters appear in the communications diagnostic buffer.

1 The character 9 can also indicate a @ in the diagnostic buffer.

APL BRASIC CORRESPONDENCE CORRESPONDENCE
LOWER UPPER LOWER UPPER LOWER UPPER BEIT VALUE
SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT EABW21C

A o A A a A R b 21¢C
E L R R b 2 A8 21¢C
C n C [ c [ A 4 21 C
n L 1 I d o A 41

E € E E e E A I c
F - F F f F R A 210¢C
G v (¢] G g G R A 1

H A H H h H A8 1

I A 1 I i I R o2

J o J o J N B A C
K K K k K A b 2

L 1 L L 1 L A8 C
M I M M m M E 1C
N T N N n N A 2 ¢
0 0 0 0 0 0 b 8 c
P * P P p P R A i}

Q ? Q Q q Q R A y 2 c
R e R R r R ] L 1

s I s ) S ) 4 8 1

T ~ T T t T A

U 4 u u u u A 21
v u v V v v B 21
W W W W w W 4 8 21 ¢C
X b} X X X X A 1 c
Y + Y Y y Y E A8 10
Z c Z Z z Z 8 2 C
, : . . . . B 2 C
[ ( ! 1 ! | B

» ’ : . : K B A W21

1 ) ' ' R L) C
L : : ; : B A b 1 C
X + = + = + B A 2

+ - - R A8 21

/ AN / K / ? B A8

1 v 1 + 1 g 1
3 © 3 4 3 # 210
U b + ) % 8

5 = 5 5 “ M

é 3 6 I b I. W 2 C
7 * 7 & 7 & b 1C
8 # 8 * 8 * [T |
Q@ v 9 ( 9 ( 2] 21

0 A 0 ) 0 ) 8 1 C
t




SERIAL 1/0 CHARACTER CODE CHARTS

The serial 1/0 character code charts show the characters that
are used with the serial 1/0 feature for 5-, 6-, and 7-bit codes.
Use these charts to determine the equivalent 5100 characters,
the bit values of the characters, and the column and row
designations of the characters.

Note: These charts show the default value of the characters
in the translation tables. The user can change the graphics
in the table; however, the bit value for a corresponding
column and row designation will not change. See the

I1BM 5100 Serial 1/0 Adapter Feature User’s Manual for an
explanation of how to change the characters in the trans-
lation tables.

Character Code Charts
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Serial 1/0 5-Bit Character Chart

COL/ROW 59100 CHA

RACTERS

LOWERJUPPER
SHIFTISHIFT

LOWER
SHIFT

UPPER
SHIFT

BIT VALUE

BAULDOT CHARACTERS

12348

LETTERS
(LOWER SHIFT)

FIGURES
(UPPERSHIFT)

oLy 4 SPACE
00 4.Q ]
10 50 n
02 u2 o
33 73 )

37 77 ¢
30 70 A
23 63 B
16 56 C

22 62 I

20 &0 =
26 66 F
13 593 G
03 3] H
14 ik I

32 T2 J
36 Té K
11 Gl L
a7 b7 M
0é Wé N

03 U3 0
15 3] P
35 7 Q
12 52 R
24 &Y 8

01 L) T
34 h L
17 ol v
31 71 W
27 &7 X
28 65

21 &l

=

SPACE
W
fi
<

o’ 2o 0

N

b
X ]
23
1 2 I
l 2 3 1
2 ]

B3PI BJ
i Lad
g

SPACE
RBL.ANK 5

LINE FEED L
RETURN C

CARRIAGE
FIGURES

LETTERS
A
B
e
I
E
F
G
H

0
P
Q
R

o
4

U
v

SPACE

LANK
INE FEED
ARRTAGE RETURN

¢

3
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Serial 1/0 6-Bit Character Chart

COL/ROW

APL CHARACTERS

RASTIC

CHARACTERS

RIT VALUES

ERCH

LOWER | UPPER
SHIFT | SHIFT

LOWER
GHIFT

UPPER
SHIFT

ano
001
ooz
no3

oo
W0
o
WA

—
SPACE SPACE

1

LOWER
GHIFT

SPACE

UPPER
SHIFT

SPACE

BEA8W 21

LOWER
SHIFT

CHARACTERS
UPPER
SHIFT

e

— |

R

Space
1
2
3

Space

<

o0
00t
00é
oo

b (e
WO
haa
wav

+ RS

FFEFFF
St

GO

~N oy

00 o

noa
009
g1a
LR

Woo
Y ikY
W10
Wil

G
~» KR

#*= O O ®

01z
N3
ain
015

Wi
W13
ER R
W1

- B & »3
- B &R

84

8 u
8 4

B3RS
T

. C

PN

uc

100
101
102
103

500
S50
a0

H03

- -+
£ \
b I
T -

£3 B2
-

C
¢

O No

H 0N v o

104
105
106
o7

S04
G005
B06
S0°7

DI

T |
W

3 1o

X £ <€

X = <ga

108

G0e

ENT

e

>»>»>| »>>>| >>>>

N <

N <

I 1
4
W 21

DT
LT D

N
3 B3

o9 G509 4 o A a 1
110 510 ! i} o W 8 2
1 511 ; s ! 8 2101,
2 X a ¥ X L BY BY

LF
EOB
PRE

LF
EOB
PRE
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GO A RO

CHARATTERS EECD CHARACTERS
UPPER a8 k2 1 C|LOWER | UPPER
BHTET SHIFT | SHIFT

UPPER
EHTFT

a0 + - : . ¢ -
sy A o N A & R
S0 K ' I K I Do
S0 L I L B it 21

- oAU
HoR ool

m [ M ﬁ i 4 "
i T ) M B T ]

s 0B B
" o=zxX

Q
w10

I I I 14 B
5 It} 1 T It

) ; i ), Booo#uw 2 | BS BS
‘ % 5 n Booosouo2 1 L 1L

Qo e
0w +

Q Hh 0 Q
QmMMo

8 A H H h H
1 ! I | o 1
& % ) i Do

2o . -

£
s s 3
@ w & g BoA 8
<
.
L
L.

D A DEL DEL
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Serial 1/0 7-Bit Character Chart

Note: The 7-bit characters are shown in even parity.

9100 RIT VALUES AECTT 5100 BIT VALUES ASCT T
COL/ROWICHARACTER [ P 1 2 3 4 % & 7 | CHARAUTER] |COL/ROW |CHARACTER | P 1 2 3 4 5 & 7 | CHARACTER

000 o 00000 00 NUL 200 Lot 00000 P
001 ¥ Lo ooo 01 S0H 201 ! 00100001 !
002 T L0000 10 GTX 202 h 6o 1Lo0o010 "
003 A 00000 11 ETX 203 # Lo 1 oo o011 #
00N & L0000 1L 00 EOT 204 % 00100100 *
005 L 00000 L 01 ENG 208 A 10100101 %
00sé & 00000110 ALK 2064 & 101 0110 &
oov @ Lo 000111 REL 207 ) 00100111 )
008 & 10001000 B 208 ¢ 001010 0 (
009 S 00001001 HT 209 ) 10101001 )
010 n 00001010 LF 210 * Lo 1010 0 *
011 u Lo oo 1011 VT 211 + 001010 1 +
012 v 60001100 FF Lo 101100 '
013 « Lo oo 1101 CR - 00101 101 -
UK b L0001 110 450 . (V2 R A R N A .
015 ¥ 00001111 Gl / 101 111 /
100 v Loo 1t o000 300 0 001410000 0
Lol t o001 0001 301 1 10110001 1
102 - 00010010 302 2 Lo 1 100210 2
103 4 100100211 A03 3 00110011 3
1ok & 00010200 ey 304 I ¢t 110100 L
L0% X Lo 010101 NAK 00 G g 110101 bl
106 * Loo 1 o110 HYN Alié & 0110110 &
1ov 6006101 11 ETE 207 7 01 101 11 7
108 1 000411000 08 a Lol 11000 &
109 n oo+t 1001 F09 9 601 11001

110 ° 1 LI N A A A10 : v o1 11010 :
111 o 0001 101 A1 H R (R A D A | I A | ;
112 [ Lo o1 1100 F& 312 k& 06111100 L
113 4 000211101 G8& 313 a Lo 1131101 =
1y v 00011180 R& * L0111 110 =
11% P Lo ot 1111 s ? 60111111 7




COL/ROW

S0
CHARACTER

BIY

*y

In

A

AL
CHERA

STER

COLAROW

S5100
CHARACTER

EIT VALUES

1

)

<L

3

L

=
R

6

AGCTI
CHARACTER

S 00
401
4o
W3

@
A
4
[

0
]
1]
]

]
0
(]
]

0
0
0
]

1}
0
1
1

&00
401
402
603

A
A

I

G

0

0
0

0

]
0

0

0

N\,

\

(o1 o 2 ]

WOy
ot
404
o

e e

{0

0

1]
0
0
]

604
400G
606
607

e

oo oo

- o

-0 e o

Q Hh 0

Hoa
oy
W10
Wil

0
0

a

0

Q
1]
a
a

a08
AGO9
a10
411

— e

i ol ol ol

=

o

=

O A

w12
w13
W
W15

&12
413
H14
&1%

oz

- P

—_ =

0538+

500
G501
[ 3es

503

'1)
1¢]
R
5

700
701
o2

703

bk fh i et

(=~ 1

nw R Q'

S04
G0
G066
B0

704
705
706
707

e e

€< et

508
H0y
ula
1

o
o
F10
1t

P ek el b

Eandi il oo i ool

e e e

]

NI R

1]

b b d b

R
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&DIAG O 3-1
&OUTSEL SYS 210

absense of a data bit  2-6
ASCIl  2-5,5-8

asynchronous 4-2

ATTN key 2-7,2-18, 3-1,3-5

baud 4-2

Baudot 2-5,5-5
busin 2-16,2-18
busout 2-15,2-17
bypass and restore  2-8

carrier 4-2,4-4
CE display  3-1

circle ¢ (©) 2-2,27,32
circle D (D) 27,32

clear to send
communications 2-7, 2-11, 4-3
serial /0 2-12
CMD key 2-7, 3-1
communications |/O microprogram  2-1
communications lines  4-1, 4-3
communications microprogram  2-1
complete line 29
control characters 3-3
control circuits  4-3

data flow
communications  2-1
communications networks  4-1
serial 1/0  2-3

data lines 2-11

data rate  2-16

data set  4-2

data set ready
communications 2-7,2-11, 4-4
serial /O 2-12

data terminal ready
communications 2-11, 4-4
serial /0 2-12

demodulation 4-2

demodulator  4-3

deserializes 2-2,2-4

Index

device addressbus  2-15

device characteristics 2-4, 3-13
diagnostic buffer  2-1,2-1 8, 3-1
duplex 4-2

EBCD 2-2,2-5,5-2,5-6

ElA standard interface 2-11, 4-4
end of block (serial 1/0) 2-4
end of buffer (serial 1/0) 2-4
error-free bit strings  3-9

errors 2-18

EXECUTE key 3-1,3-4,3-5
extended display 2-2,2-7, 2-9

full duplex 4-2
function characters 2-8, 5-2

half duplex 4-2

1/0 buffer (serial 1/0) 2-3

1/0O supervisor  2-1

ignore mode 2-5, 2-12

internal cables (serial 1/0) 2-12, 2-14, 3-1

leased lines 4-2

line hit 4-2

line noise  2-7, 2-17

long space (transmit interrupt) 2-18

mark 2-5,4-2
MDI 820 3-1
message without a new-line character 2-10
microprograms
communications  2-1
serial 1/0  2-3
modem 4-2
modem cable (serial 1/0) 2-12, 2-156
modem mode (serial 1/0) 2-12
modulator  4-3

Index

X-1




new-line function character 2-2, 2-9, 3-3 tab 2-8
‘ terminal cable (serial 1/0) 2-13
terminal mode (serial 1/0) 2-13

tip side 4-3

transmitted data
option 1or3 2-1 , communications 2-11, 44
option 2o0r4  2-1 serial /0 2-12
OUT (D) character 2-18 troubleshooting guide 3-13
parity 2-5,2-18 : user’s program (serial 1/0) 24

presence of a data bit 2-6

voltage levels (EIA) 2-6, 2-11
received data
communications 2-11

serial /0 2-12
received line signal detector (serial 1/0) 212
remains in the receive state (communications) 2-7 wrap connectors  3-1

request to send
communications 2-11, 4-4
serial 1/0  2-12

ring side 4-3
Z1 cable socket 2-12

serial 1/0 connector 2-12, 2-14, 3-1
serial 1/0 input/output microprogram 2-3
serial 1/0O microprogram 2-3

5-bit code 2-5, 5-5
6-bit code 2-5,56

serializes 2-2,24,4-3 7-b?t code 2-5,5-8
set mode (serial 1/0) 2-15 8-bit code 2-5
space 2-5,4-3

space and mark error graphs 3-8
start printer or tape output 2-9
start-stop 2-5, 4-3

status line 2-7

X-2
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YOUR COMMENTS, PLEASE . ..
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