

















































































































































































































































































































































































































































































































Cursor Cursor Field
Left Up Advance
w N roLL: M roLe, [l :
Cursor Cursor Character
Right Down Backspace

These keys move the cursor
to any location.

Figure 7-6. Cursor Motion Keys

Cursor Motion Keys

The cursor motion keys, as shown in Figure 7-6, permit
positioning of the cursor to any character position on
the display screen. These keys cause the cursor to
move in the direction indicated by the arrows on the
key. None of the cursor motion keys are operational
when the keyboard is locked.

If any cursor motion key causes the cursor to leave an
automatic enter field or a right adjust field, the
automatic enter or right adjust functions are not
executed even though the function is selected in the
field format word. Also, there are limitations on the use
of these keys when the cursor is in a mandatory fill field
(see Mandatory Fill (Bits 13-15) later in this chapter).

Cursor Up, Down, Left, and Right: Moves the cursor
either one line (up or down) or one character position
(left or right) in the direction indicated by the arrow on
the key. These keys also cause the cursor to wrap to
the next line (cursor right), to the previous line {(cursor
left), to the bottom line (cursor up), or to the top line
{cursor down).

If the cursor is blinking at the end of an input field
(indicates that the operator must press one of the
field-type keys) and the Cursor Left key is pressed, the
cursor stops blinking but does not move. If the key is
pressed a second time, the cursor moves one character
position to the left.
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Field
Backspace

New
Line

These keys move the cursor only to locations
programmed to accept operator input.

Field Advance: Moves the cursor to the first position of
the next unprotected field on the screen. If there are no
unprotected fields on the screen, the cursor moves to
the position specified by the home address. If the home
address is not specified, the cursor automatically moves
to the first position of row 1.

Character Backspace: Functions the same as the Cursor
Left key unless the cursor is in the first position of a
field. If the cursor is in the first position of a field, the
cursor moves to the left to the last position of the
preceding unprotected field. If the new field is a signed
numeric field, the cursor moves to the position before
the sign position. :

If the cursor is blinking at the end of an input field
(indicates that the operator must press one of the
field-type keys) and the Character Backspace key is
pressed, the cursor stops blinking but does not move. If
the key is pressed a second time, the cursor moves one
character position to the left.

Field Backspace: If the cursor is in any position of an
unprotected field other than the first position,-the cursor
moves to the first position of the same field. If the
cursor is in the first position of an unprotected field or
in any position of a protected field, the cursor moves to
the first position of the preceding unprotected field.

New Line: Moves the cursor to the first position of the
next or subsequent line that is in a nonbypass input
field. If all the fields specified are bypass fields, the
cursor moves to the position specified by the home
address. If the home address is not specified, the
cursor automatically moves to the first position of row 1.



Editing Keys

The editing keys are not operational if the keyboard is
locked. These keys also cause an operator error if
pressed after the Sys Req or Cmd key is pressed.

Del: Deletes the character above the cursor and moves
the remaining characters in the field (must be an
unprotected field) one position to the left. The last
character position of the field is filled with a null
character.

To delete a character, press and hold a shift key and
then press the Del/Ins (Delete/Insert) key.

Ins: Sets the display station to insert mode. In this
mode, characters can be inserted in a field (must be an
unprotected field) while the character above the cursor
and all following characters in the field are shifted 1
position to the right. Characters can be inserted as long
as the rightmost character position in the field is a null
character (hex 00).

Note: Insert mode must be established for each field;
that is, the display station does not remain in insert
mode for more than one field.

Erase Input: Clears all unprotected fields that have been
modified by the operator, and moves the cursor to the
position specified by the home address. To clear the
unprotected fields, press and hold a shift key and then
press the Erase Input/Home key.

Home: Moves the cursor to the position specified by
the last home address. If there are no home addresses
specified for the current screen, the cursor moves to the
first position of row 1.

Error Reset: Lets the operator recover from a keyboard
disabled condition. If there is no operator error
condition at the time this key is pressed, this key will
reset command mode, system request mode, or insert
mode.

See Error Reset (System Request Mode or
Operator-Error Mode) earlier in this chapter for more
information on the Error Reset key.

Shift and Shift Lock: The two shift keys are each
marked with a wide arrow pointing up, and the Shift
Lock key is marked with a wide arrow pointing down.
Pressing either shift key sets the keyboard in
upper-shift for as long as the key is held down.
Pressing a shift key also identifies the start of a shifted
key function such as system request, delete, roll, and so
on. The end of the shifted key function is identified by
releasing the shift key.

When the Shift Lock key is pressed, the keyboard is set
to upper-shift, and the keyboard remains in upper-shift
after the Shift Lock key is released. To reset
upper-shift, press (and release) one of the shift keys.

An inhibit downshift function permits the operation of
some keys while a shift key is being held down without
changing the shift state of the keyboard after the shift
key is released. For example, if the keyboard is in
upper-shift and a character is to be deleted, a shift key
and the Del/Ins key must be pressed to delete the
character. Then, when the shift key is released, the
keyboard remains in upper-shift because of the inhibit
downshift function.

The inhibit downshift function is enabled when any of
the following occur (without an operator error):

« The keyboard is not locked, a shift key is pressed,
and the Erase Input, Del/Ins, Roll Up, or Roll Down
key is pressed.

« The keyboard is not locked, the Cmd key is pressed,
a shift key is pressed and a valid command key is
pressed.

« A shift key is pressed and then the Sys Req/Attn key
is pressed.

The inhibit downshift function is reset if an operator
error occurs, or if any key is pressed that does not
enable the function.

Reverse Image: Reverses the image of the display
screen if the keyboard is not locked. Normally, green
letters appear on a black screen, but with the reverse
image function the operator can display black letters on
a green screen. To reverse the image, press the Cmd
key, press and hold a shift key, and then press the \
key (see Figure 7-5).

Note: The \ key is the only command key that does not
cause an AlD byte to be sent to the host.

Work Stations  7-11



Special Field Keys

The special field keys include the Field Exit, Field-,
Field+, and Dup keys. These keys:

« Are not operational if the keyboard is locked.

« Will cause operator errors if pressed after the Sys
Req or Cmd key is pressed.

« Will not cause the cursor to leave a field if the
display station is in insert mode.

Field Exit: Clears all of the characters from the current
cursor position in a field to the end of the field, and
moves the cursor to the first position of the next
unprotected field. If the cursor is in any position of a
mandatory fill field other than the first position, the
cursor does not move and a four-digit error code is
displayed. If the cursor is in the first position, the cursor
moves to the first position of the next unprotected field.
If the cursor is in a signed numeric field, this key causes
a positive number to be generated. If the cursor is in a

. mandatory enter field that has not been modified, this
key is not valid when pressed and causes a four-digit
error code to be displayed.

Field-: Signals the end of an entered signed numeric
field and causes a minus sign {(-) to be displayed in the
low-order character position of that field. This key is
operational only in a signed numeric field.

Field+: Functions the same as the Field Exit key.

Dup: Causes a special character (an asterisk with a bar
over it) to be displayed in the current cursor position
and in all positions to the right of the cursor if the field
is a dup-allowed field. This key also causes the cursor
to move to the first position of the next unprotected
field.

Note: The special character has a hex 1C value and is
shown in Figure 7-2.
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Display Station Modes

A display station can be in any one of several different
modes. The following paragraphs describe each of
these modes and how the modes are initialized.

Power On—No Mode Set

This mode is initialized when power to the display
station is turned on but the display station is not
operational. Characteristics of this mode are:

+ The Ready indicator on the displéy station is on.

« Nothing is displayed on the screen except for the
cursor which is positioned in the upper right-hand
corner (row 1, column 80), and for the markers
associated with the 5 indicators on the right side of
the screen.

« Keystrokes are not serviced even though the Input
Inhibited indicator is off.

Note: If the System Available indicator does not come
on, System/34 is not powered on. If the System
Available indicator comes on but the cursor stops in the
upper right~hand corner of the display screen, the
operator should turn the power off to the display station
and then turn power back on. If the cursor again stops
in the upper right-hand corner of the display screen, call
your service representative.

Free Key Mode

Free key mode is initialized when power to the display
station is turned on, and the following conditions are
set:

» System/34 is powered on and operational.

« The serial interface between System/34 and the
display station is operational.

« The system configuration has been specified.

« The display mode is set; that is, the display station is
not in power on—-no mode set and the cursor is
moved to the upper left-hand corner (row 1, column
1) of the screen.

A display station remains in free key mode until the Sys
Req/Enter keying sequence causes System/34 to write
to the display station.



The first command issued to a display station in free
key mode should be a Clear Unit command. This
command is needed to reset field definitions that have
been automatically set up for free key mode, and to
clear the screen of any data that may have been entered
in free key mode.

Characteristics of free key mode are:

- The display screen is specified as an alphameric enter
field.

« Operator errors that are normally sensed by the work
station controller are also sensed in free key mode,
and the appropriate error code will be displayed.

« Keyboard functions handled by the work station
controller operate normally except for those shown in
Figure 7-7.

« Keyboard functions that generate an AID byte (except
for Sys Req/Enter or Clear) cause error message
0099 to be displayed (see Figure 7-7). This error
message is reserved for keyboard functions not
allowed in free key mode.

System Request Mode

System request mode is initialized by pressing and
holding a shift key, and then pressing the Sys Req/Attn
key. This mode cannot be initialized if the display
station is already in command key mode, operator-error
mode, or insert mode.

System request mode is usually reset by pressing the
Enter/Rec Adv key. However, if the Sys Req/Attn key
is pressed by accident, this mode can be reset by
pressing the Error Reset key.

Command Key Mode

Command key mode is initialized by pressing the Cmd
key. This mode cannot be initialized if the display
station is already in system request mode, insert mode,
keyboard locked mode, or operator-error mode.

Command key mode is usually reset by pressing one of
the valid command keys; that is, one of the top row
keys as shown in Figure 7-5. However, if the Cmd key
is pressed by accident, this mode can also be reset by
pressing the Error Reset key.

Function in Free Key Mode

Operator
Keyboard Function Error
(see Note 1) Number

Free Key
Error
(0099)

Print

Help

Roll Up

Roll Down
Enter/Rec Adv
Test Request
Attention
Commands 1-24
Field minus 0016
Home (see Note 2)
Duplicate 0019

XXX XX XXX

X

Notes:

home,

1. All other keyboard functions operate normally in free key mode.
2. The home function causes an error of 0099 only if the cursor is already

Figure 7-7. Key Functions in Free Key Mode
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Keyboard Locked ‘Mode

Keyboard locked mode is initialized for either of the
following conditions:

« By pressing any AID request key.

« A system command is executed and the command
forces the display station into this mode.

The keyboard locked mode cannot be reset from the
keyboard. Instead, a system command is needed to
reset this mode.

Insert Mode

Insert mode is initialized by pressing the Del/Ins key.
This mode cannot be initialized if:

« The display station is in keyboard locked mode,
command key mode, system request mode, or
operator-error mode.

« The cursor is in a bypass or protected field.
« The Field Exit key needs to be pressed.

Insert mode is reset by pressing the Error Reset key, the
Help key, or the Enter/Rec Adv key.

Operator-Error Mode

Operator-error mode is initialized by the work station
controller when a rules violation is sensed during
keystroke processing. For example, the operator presses
an alphabetic key (instead of pressing a top row key)
after pressing the Cmd key. A four-digit error code is
displayed on the bottom row of the screen to inform the
operator of the error. This mode can also be initialized
by the system issuing a write error command.

This mode is reset by pressing the Error Reset key.
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PROGRAMMING CHARACTERISTICS OF THE 5251
DISPLAY STATION

Program operation of each display station attached to
System/34 is controlled by:

« An input/output block.

« A set of commands and orders that must be
assembled by the users program.

« The appropriate supervisor call instruction.

Figure 7-8 shows the relationship of the host to the
work stations and how the I0B, commands, and orders
are passed between the two.

Host

SSP or User's
Program

Parameters

Main Storage

Work Station
Data Management
{(wsDm)

a
4,

108

b

Work Station
Input/Qutput
Control Handler
(WSIOCH)

f Output Data

i Stream

§ (output commands,
§ orders, control

M characters, and data)

Work Station
Controller

Serial interface
to display station

Figure 7-8. Relationship of Host to the Work Stations
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Display Station Input/Output Block

Each display station operation is specified by an
input/output block (I0B) located in main storage. If
more than one display station needs an operation to be
performed, the |OBs are placed on a queue and a
supervisor call instruction {see Chapter 3) is issued for

~each I0B. A supervisor call instruction cannot be issued

for an 10B that is on a queue until the preceding IOB is
posted complete; that is, until bit 1 of byte 1 in the I0B
is set on.

The display station IOB is contained in the first 18 bytes
of the terminal unit block. For purposes of this manual,
and as shown in Figure 7-9, only the I0OB is described.
For a definition of each bit in the terminal unit block,
see the Data Areas Handbook.

Work Stations
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Displacement 1BM Length

of Leftmost Program in Bytes

Byte in Hex Label in Decimal Field Description (Note 1)
0 TUBECM 1 Event control mask

The following bits must be set up before a supervisor call instruction

is issued.

Hex Meaning

80 No skip on general wait.

40 Data address is real.

On = Task control block address points to real storage. ‘

Off = Task control block address points to the user’s task control
block for translated output.

Note: The task control block address is in bytes 16 and 17 of

the 10B.

20 Non I/O event.

1 TUBCOMPL 1 I0B completion code

Hex Meaning

80 Active: Operation is in process and waiting completion.

40 Complete: Operation has been completed.

04  Input buffer assigned: The work station input/output control
handler has successfully assigned the required input buffer. '

01  Error detected: The requested operation could not be completed

) because of an error in the display station. Error status is posted
in bytes 10 through 15 of this 10B.
2 TUBFLAG 1 Flag byte

Hex Meaning

80 Report errors back to user: The system error recovery procedures
are suppressed and the errors are reported to the user.

20 Automatic input buffer assignment. Successful assignment of an
input buffer is indicated in the completion code (bit 5).

10  Terminal unit block not allowed off vertical TUB chain: Indicates
that the operation is complete, and the TUB can be pulled off the
verticle TUB chain.

08 Device is online: This bit must be on before the system can accept
any interrupts from the display stations.

Figure 7-9 (Part 1 of 3). Display Station IOB




Displacement IBM Length
of Leftmost Program in Bytes
Byte in Hex Label in Decimal Field Description (Note 1)
2 TUBFLAG Hex Meaning
(continued) .

04 Read input command is issued to the terminal unit block.

02 Read input command is not completed. When the work station
controller finishes the read input operation, this bit is turned off
by the work station input/output control handler, and if the
terminal unit block is posted compiete, bit 5 will also be turned
off by the work station input/output control handler,

01 Data is in control storage.

3 TUBCMND 1 Command code

Bits 0-4 Work station controller address (11000)

Bit 5 Must be 0

Bits 6-7 Set to indicate the operation

00 = Execute

01 = Invite (allow interrupts from work stations)

10 = Quiesce printer

11 = Cancel (used to transfer from invite to execute)

4 TUBCMOD 1 Command modifier: Specifies the operation to be executed.

Hex Command

A7 Output/invite. This is a combined function of output (hex 27) and
invite (as defined In the command code byte).

62 Read screen.

42  Read input fields.

27  Output (causes the output data stream to be read by System/34).

06  Save screen.

02 Save tables.

5 .TUBINIT@ 1 Device address

Bits 0-3 Twinaxial cable address.

Bit 4 Must be 0.

Bits 5-7 Work station address. (The address of each work station is set

with toggle switches on each work station.)
6 TUBDATA@ 2 Data buffer address: The logical address of the data buffer to be used

for execute commands. The data buffer can be in main storage or in
control storage as indicated by bit 7 of byte 2 of this 10B.

Figure 7-9 (Part 2 of 3). Display Station IOB
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Displacement IBM Length
of Leftmost Program in Bytes
Byte in Hex Label in Decimal Field Description (Note 1)

8 TUBCOUNT 2 Data buffer length (byte count): The exact length, in bytes, to be sent
to the work station. Length values greater than 4096 cause error com-
pletion.status.

A TUBSENSO 1 Status byte 0 (Note 2)

B TUBSENS1 1 Status byte 1 (Note 2)

Cc TUBSENS2 1 Status byte 2 (Note 2)

D TUBSENS3 1 Status byte 3 or attention identification (AID) byte (Note 3)

E TUBSENS4 1 Status byte 4 {Note 2)

F TUBSENSS 1 Status byte 5 (Note 2)

10 TUBTCB® 2 Task control block address for data buffer address translation registers.

Notes:

1. Unused and reserved bits, or bits not used by the work station input/output control handler are not shown in the
Field Description column.

2. See Display Station Status Bytes and Error Recovery in this chapter for a description of the status bytes.

3. See Figure 7-3 for the hexadecimal representations of the AID byte.

Figure 7-9 (Part 3 of 3). Display Station IOB
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Read Commands and Control Commands

System/34 controls the display stations with a set of
commands that are sent to the work station controller
(see Figure 7-8). The read commands are sent in the
command modifier byte (byte 4 of the I0B), the control
commands are defined by bits in the terminal unit block,
and the output commands are sent in the output data
stream.

The four read commands and two control commands
are described in the following paragraphs; the output
commands are described under Output Commands later
in this chapter. The hexadecimal value of each read
command is given in parentheses after the name of the
command.

Save Tables (Hex 02)

The save tables command lets System/34 save the
control information and field definitions for any display
station. Then, if needed at a later time, the data can be
restored by the restore tables command.

Characteristics of the AlDs when this command is
executed are:

« Any pending AID is also saved (except for Sys Req
and Attn) but is not reset when the command is
completed.

« The AID is established again when the data is
restared.

« The AID byte must not be processed twice.

CAUTION

The data received with this command must not be
modified in any way. Failure to follow this rule can
result in unpredictable work station controller operations
when the data is restored.

The format of the data restored is:

Bytes Description

Oand1 Hex 0401, which is the format of the restore
tables command; it permits the data to be
restored with no modifications or additions
by the user.

2 and 3 Length of the data (in bytes) sent in
response to the save tables command,
including bytes 0 through 3. When executing
the save tables command, the byte count in
10B bytes 8 and 9 must be equal to, or
greater than, the number of bytes sent. Use
this value when generating the byte count for
the restore tables command.

4-67 Display station parameters (generated by the
work station controller).

68-579 Format table of 512 bytes for the display

station

This command is not valid if the display station is
offline, is not powered on, or is in system request or
hardware-error mode.

The save tables command causes the keyboard to lock
before the command is executed, and all keystrokes are
ignored (including those normally processed when the
keyboard is locked) until a save screen or clear unit
command is executed. The save screen or clear unit
commands are the only commands that should be sent
to a display station after the save tables command is
executed.

Save Screen (Hex 06)

The save screen command lets System/34 save the
data on the current screen. Then, if needed at a later
time, the data can be restored by the restore screen
command. This command must follow a save tables
command directed to the same display station. The
command sequence of save tables followed by save
screen is needed to save all the status {control
information and data) of a display station. This
command sequence does not affect the state of the
display station; that is, the state that the display station
was in before the save tables command was executed.
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CAUTION

The data received with this command must not be
modified in any way. Failure to follow this rule can
result in unpredictable work station controller operations
when the data is restored.

The format of the data restored is:

Bytes Description

0and 1 Hex 0405, which is the format of the restore
screen command; it permits the ‘data to be
restored with no modifications or additions
by the user.

Length of the data (in bytes) sent in
response to the save screen command, but
excluding bytes O through 3. When
executing the save screen command, the
byte count in IOB bytes 8 and 9 must be
equal to, or greater than, the number of
bytes sent. Change this value to include
bytes O through 3 when generating the byte
count for the restore screen command.

2 and 3

4-1043 Displayed data for 12 rows.

4-2003 Displayed data for 24 rows.

This command is not valid if the display station is
offline, is not powered on, or is in hardware~error
mode; or if the Save Table command was not issued
before the save screen command was issued.

Note: If an error is sensed while the save screen
command is being executed, the error retry process
must start with the save tables command.

Read Input Fields (Hex 42)

The read input fields command causes the work station
controller to move the data from all fields specified in
the format table back to System/34. The fields are sent
in the sequence in which they are specified on the
display screen unless the user has selected a different
sequence. A different sequence is selected by using the
start of header order and resequencing field control
words. Both are described in this chapter.
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Any nulls characters sensed in the fields are converted
to blank characters. Therefore, the field is filled to its
original length and the field is sent immediately
following the preceding field without any intervening
control information.

If the field is specified as a signed numeric field, the
last character in the field is never sent to the system. In
addition, if the last character of a signed numeric field is
a minus sign, the zoned portion of the second to last
character in the field is changed to a hex D. If the last
character is not a minus sign, the second to last
character is not changed.

The read input fields command is not valid if the display
station is offline, is not powered on, or is in
hardware-error or operator-error mode. Also, the
command is not valid if the keyboard is not locked, or if
the format table is not loaded.

Note: Any pending AID byte, except for hex F2 (Attn) or
hex FO (Sys Req/Enter), is reset when this command is
completed.

Read Screen (Hex 62)

The read screen command causes all data on the display
screen to be sent to System/34. The data is sent in the
sequence in which it appears on the display screen; that
is, the first row is sent first, the second row is sent
next, and so on. The data includes all fields (input and
noninput) and all display attributes.

The byte count in 10B bytes 8 and 9 must be equal to,
or greater than, the number of bytes sent. An error is
posted for byte counts that are too small.

The read screen command is not valid if the display
station is offline, is not powered on, or is in
hardware-error or operator-error mode.

Note: Any pending AID byte, except for Attn or Sys
Req/Enter, is reset when this command is completed.
Set Operator Alert Indicators

The set-operator-alert-indicators command is one of
the two control commands; it lets the system inform the

operator that attention is needed by:

« Sounding the audible alarm on the display station for
approximately 1 second.

« Turning on the Message Waiting indicator on the
display station.

77N



This command is not valid if the display station is
offline, is not powered on, or is in hardware-error
mode.

Note: Any pending AID byte is not reset by this
command.

Reset Operator Alert Indicators

The reset-operator-alert-indicators command is one of
the two control commands; it lets the system turn off
the Message Waiting indicator on the display station.
The audible alarm, set by the
set-operator-alert-indicators command, is not affected
by this command. Instead, the audible alarm is
automatically reset.

This command is not valid if the display station is
offline, is not powered on, or is in hardware-error
mode.

Note: Any pending AID byte is not reset by this
command.

Display Station Output Data Stream

The output data stream {see Figure 7-10) sent to the
work station controller includes data and control
information. The control information includes two write
control characters, five orders, and seven output
commands as described in the following paragraphs.
The two write control characters are described under
Write Data (Hex 11).

Orders

The following paragraphs describe the five orders and
the associated data that are a part of the write data
command in the output data stream. The hexadecimal
value of each order is given in parentheses after the
name of the order.

Figure 7-10 shows the combination of orders that
follow the write data command byte in the output data
stream.

Start of Header (Hex 01): Selects the resequencing
function when data is read from the display screen.

Four data bytes follow this order in the output data

stream. These four bytes are:

Byte Meaning

1 Set to hex 03.

2 Not used.

3 Not used.

4 Set to hex 00 if the displayed data is to be

returned to the system in the same sequence
as it appears on the screen. If set to a value
other than hex 00 the displayed data will be
returned to the system in a sequence
determined by the resequencing field control
words in the format table. The value of this
byte also points to the first field to be
returned by the read input fields command.

Either of the following conditions associated with the
start of header order will cause an error:

o The output data stream ends before the number of
bytes needed have been sent.

« The first byte after the order is not hex 03.

Repeat to Address (Hex 02): Causes a character to be
displayed in every position on the display screen starting
in the position specified by the current buffer address to
(and including) the last position specified in this order.
Only one character is displayed if the position specified
in this order is equal to the position specified by the
current buffer address. The current buffer address is
then updated to the value of the last position plus 1.

The last position and the character displayed are
specified in the three bytes that follow this order in the
output data stream. These three bytes are:

Byte Meaning

1 Row address.

2 Column address.

3 Character that is displayed.
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Any of the following conditions associated with the
repeat to address order will cause an error:

« The output data stream ends before the number of
bytes needed have been sent

« A row address value of O or a value greater than 24.

« A column address value of O or a value greater than
80.

Set Buffer Address (Hex 11): Determines where the
displayed data will start on the display screen as
instructed by the two address bytes that follow this
order in the output data stream. The first address byte
is the row address and the second address byte is the
column address.

When this order is not in the output data stream, the
displayed data starts in row 1, column 1 because the
write data command initializes the buffer address to the
start of the display screen.

Any of the following conditions associated with the set
buffer address order will cause an error:

« The output data stream ends before the number of
bytes needed have been sent.

« A row address value of O or a value greater than 24.

« A column address value of O or a value greater than
80.

Insert Cursor (Hex 13): Establishes the home address
and inserts the cursor in a position on the display screen
as instructed by the two address bytes that follow this
order in the output data stream. The first address byte
is the row address and the second address byte is the
column address.

If the keyboard is locked when the write data command
is issued, and if the write data command causes the
. keyboard to unlock, the cursor is moved to the location
specified by this order. If the keyboard does not unlock,
the cursor does not move.

If more than one insert cursor order is in the output data
stream, only the last one is used. The position specified
is saved and it becomes the home address for the Erase
Input/Home function.
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Any of the following conditions associated with the
insert cursor order will cause an error:

» The output data stream ends before the number of
bytes needed have been sent.

« A row address value of O or a value greater than 24.

« A column address value of O or a value greater than
80.

Start of Field (Hex 1D): Resets any pending AID bytes
{except Attn or Sys Req/Enter), specifies an input field,
and causes the characteristics of the input field to be
saved in the format table (see Format Table later in this
chapter) as instructed by the information that follows
this order in the output data stream. The sequence of
this information is:

1. A 2-byte field format word (see Field Format Word
later in this chapter).

2. Up to two 2-byte field control words which are
optional. (See Field Control Word later in this
chapter.)

3. A 1-byte display attribute pertaining to the input
field. The bits in the display attribute byte and the
meaning for each bit (when on) are:

Bit Meaning

0-2 Set to 001

3 Column mark on

4 Blink field

5 Underscore field

6 Select high intensity

7 Select reverse image (black on green) if

this bit is on, or select normal image
{green on black) if this bit is off.

Note: If bits 5, 6, and 7 are all on, the input field
is not displayed.

4, Two length bytes that determine how many
character positions are reserved for this field on
the display screen.



Any of the following conditions associated with the start
of field order will cause an error:

« The output data stream ends before the needed
number of bytes have been sent.

+ More than 8 bytes separate the order and the display
attribute.

« The field length is zero.

« The address for the end of the field is past the end
of the display screen.

« Input field addresses are not in an increasing order.
This pertains to input fields that were specified by a
preceding write data command. No input field can be
specified if its starting address is less than, or equal
to, the starting address of an input field already
specified.

« Too many input fields have been specified for the
display screen.

The following information should be considered when
using the start of field order:

« The order reserves character positions on the display
screen and these positions are not modified.

« The display attribute needs one byte on the display
screen but this position is not included in the length
bytes. The display attribute is placed at the position
specified in the current buffer address.

« The first character position of an input field is at the
position specified by the address counter plus 1.
After the order is executed, the current buffer
address points to this position.

« An ending display attribute of hex 20 is written to the
display screen after the input field being specified.
Therefore, two display attributes are written for each
input field and they are separated by the number of
character positions indicated in the length bytes.

Work Stations
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Hex 01

— ?:;:Z;e Data received via the save tables command Note ——
The data returned with the save tables command {or with the save
screen command) is used for the restore tables command {or for the
restore screen command). Therefore, the escape character (hex 04)
Hex 05 and the command byte (hex 01 or hex 05) do not have to be inserted
in the data stream.
Restore
F—- S:reen Data received via the save screen command Note»——
Hex 04 Hex 11
E . wiw s| Four " s| ° ! T T T T
s priee cc-—Lo daa  H8le oS H Frw 1 Few ] ALL-—} Data Hi%e e Llee Note
c cic H bytes Al 1 1 1 1 1
Escape
character
needed
for every Hex 21
ex
commang - E
— ‘év:::: :: @ @ A Up to 78 bytes of data ‘ Note
Hex 23
Three
L— Roll parameter Note LEGEND
bytes Character Hex | Definition
A Display attribute
Hex 40 ESC 04 Escape character
FCW Field control word
Clear | Note FFW Field format word
Unit IC 13 | Insert cursor order
L L Two length bytes
RA 02 Repeat to address order
SBA n Set buffer address order
Hex 50 SF 10 | Start of field order
Clear SOH o1 Start of header order
— Format [— Note WeCC Writer control character
Table @ @ Two address bytes

Note: If more output commands are needed in the data stream,
. return to the left side of the chart and continue with the escape
character.

Figure 7-10. Display Station Output Data Stream

Output Commands

When byte 4 of the I0B (command modifier) is equal to
hex 27 or hex A7, the output data stream (containing
the output commands) is moved from main storage to
the work station controller. Then the work station
controller executes the output commands in the order in
which they appear in the data stream. The data stream
can have one or more output commands but cannot
have any of the read commands or control commands
(see Read Commands and Control Commands earlier in
this chapter.)

In the following descriptions of the output commands,

the hexadecimal value of each output command is given
in parentheses after the name of the command.
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Restore Tables (Hex 01): Restores the contents of the
format table and the state of the display station by
returning the same data (received via the save tables
command) to the work station controller. The data
restored must be directed to the display station that the
data originated from. After this command is executed,
the clear unit command or the restore screen command
are the only commands that should be sent to the
display station.

This command is not valid if the display station is
offline, is not powered on, or is in hardware-error or
system request mode.



Restore Screen (Hex 05): Restores the contents of the
display screen by returning the same data (received via
the save screen command) to the work station
controller. The data restored must be directed to the
display station that the data originated from.

The restore screen command must follow the restore
tables command in the output data stream, and both
commands must be directed to the same display station.
The command sequence of restore tables followed by
restore screen is needed to save all the status of a
display station. If an error is sensed while executing the
restore screen command, the error retry process must
start with the restore tables command.

This command is not valid if the display station is
offline, is not powered on, is in hardware-error mode,
or if a restore tables command was not directed to the
same display station before issuing this command.

Write Data (Hex 11): Writes data to the display screen,
unlocks or locks the keyboard, sets various display
screen modes, and assembles or adds to a format table
(see Format Table later in this chapter). To do all these
functions the command byte (hex 11) is followed by two
write control characters that are followed by orders and
other data as shown in Figure 7-10. See Orders earlier
in this chapter for a description of the orders.

Data bytes are defined as any character following the
write data command in the output data stream if the
character is not a write control character, escape
character, order, or a parameter associated with an
order. Each character is checked to determine if it is an
order or an escape character and if the character is
neither, the character is written to the display screen.
The data written to the display screen includes all data
bytes and all display attributes. The data is written to
the display screen at the present value of the address
counter, and the address counter is increased by a value
of 1 for every byte written.

The write control characters must immediately follow
each write data command in the output data stream to
select specific operations for the display stations to
perform. The operations selected in the first write
control character are performed as soon as the work
station controller receives this character. The operations
selected in the second write control character are not
performed until all information associated with the write
data command is processed.

The bits in the first write control character and the
meaning for each bit (when on) are:

Bit Meaning

0 Write null characters to all input fields
{(except bypass fields) that have the
modified-data-tag bit set on (bit 4 of the
field format word), lock the keyboard, and
reset any pending AID byte (except Attn or
Sys Req/Enter).

1 Reset the modified-data-tag bit in all input
fields (except bypass fields), lock the
keyboard, and reset any pending AID byte
(except Attn or Sys Req/Enter).

2-7 Reserved.

The bits in the second write control character and the
meaning for each bit (when on) are:

Bit Meaning

0 Reserved.

1 Reserved.

2 Reset blinking cursor.
3 Set blinking cursor.

Note: If bits 2 and 3 are both on, set the
blinking cursor.

4 Unlock keyboard and reset any pending AID
byte (except Attn or Sys Req/Enter).

5 Sound alarm.
6 Set Message Waiting indicator off.
7 Set Message Waiting indicator on.

Note: If bits 6 and 7 are both on, set the
Message Waiting indicator on.

The end of the data stream for a write data command is
determined in one of two ways:

« By sensing another escape character (hex 04) which
would indicate the start of a new command.

« By a byte count in the IOB (bytes 8 and 9) reaching a
value of 0.
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The write data command is not valid if the display
station is offline, is not powered on, is in
hardware-error mode, or is in operator-error mode.

Write Error (Hex 21): Forces the display station into
operator-error mode, or it lets the operator reset
operator-error mode. For example, if the display station
is in operator-error mode and the Help key has been
pressed, the write error command must be issued by the
system to let the operator reset operator-error mode.

When a display station receives this command, the
following occurs:

« Display station is forced into operator-error mode
(command key mode, insert mode, and system
request mode are reset).

« Keyboard is locked.
« Cursor is made to blink.

« The last line of the display screen is saved, but is not
changed.

« The cursor is moved if an insert cursor order follows
the write error command in the output data stream.

« The data following the write error command in the
output data stream is displayed on the last row of the
display screen.

If the command byte (hex 21) is followed in the output
data stream by an insert cursor order and two address
bytes (all three are optional), the format of this
command is:

1. Escape character (hex 04).
2. Command byte (hex 21).

3. Insert cursor order (hex 13); this order and the two
address bytes described in number 4 are optional.
If the insert cursor order immediately follows the
command byte, the first four data bytes in number
6 generate the error code. The error code is sent
to the host if the Help key is pressed. If the insert
cursor order does not immediately follow the
command byte, the fourth, fifth, sixth, and seventh
data bytes following the last insert cursor order
generate the error code.

4.  Two address bytes (row address followed by
column address) that determine where the cursor
is moved to. ‘
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5.  Display attribute selected by the user. To be
consistent with operator-error mode, this attribute
should be hex 2A to select high intensity and blink
field. However, if the Help key is pressed when
the display station is in operator-error mode, the
work station controller forces an attribute of hex
22 (high intensity and no blinking) into the first
position of the last line.

6. Up to 78 data bytes. The total number of data
bytes (including the 2 display attributes) cannot be
more than 80.

7. Display attribute selected by the user. To be
consistent with operator-error mode, this attribute
should be hex 27 to select nondisplay.

Note: No checks are made to verify the presence of the
two display attributes. For a description of the display
attributes, see Start of Field (Hex 1D) earlier in this
chapter.

The write error command is not valid if the display
station is offline, is not powered on, is in
hardware-error mode, or if the Help key is not pressed
after the display station is in operator-error mode.

Roll (Hex 23): Causes the message on the display
screen to roll up or roll down as determined by the 3
parameter bytes that follow the command byte (hex 23)
in the data stream. The 3 parameter bytes are:

Byte Bits Meaning

1 0 If on, roll down.
If off, roll up.
All 80 character positions
of each line are rolled, including
the display attribute bytes.

1 tand2 00

1 3-7 Number of lines rolled (0 = no roll).

2 0-7 Number specifying the top line of
the information rolled. This number
cannot be 0.

3 0-7 Number specifying the bottom line

of the information rolled. This
number must be greater than the
number specified in byte 2 for
the top line



The roll command is not valid if the display station is
offline, is not powered on, is in hardware-error mode,
or is in operator-error mode.

Any of the following conditions will cause an error:

« There are less than 3 bytes in the data stream after
the command byte (hex 23).

« The number specifying the top line of the roll is 0.

« The number specifying the bottom line is greater than
24, or it is less than, or equal to, the number
specifying the top line.

« The roll magnitude is greater than the value obtained
by subtracting the top line number from the bottom
line number.

The format table is not affected by this command. It is

the user’s responsibility to be sure that the display

corresponds to the format table after the roll is
completed.

Note: Lines rolled out of the roll area are lost, and lines

vacated by the roll are not modified.

Clear Unit (Hex 40): Performs the following functions

for the addressed display station:

+ Clears the information on the display screen and the
format table.

» Clears any pending AID byte.

+ Locks the keyboard.

« Moves the cursor to row 1, column 2.

+ Sets the home address to row 1, column 1.
« Sets the initial resequence field number to O.

« Resets the system request, command key,
operator-error, and insert mode.

« Resets the master modified data tag bit.

« Wirites a display attribute of hex 20 to row 1, column
1.

The clear unit command should be executed as the first
command of any new job to ensure that any preceding
data is cleared from the display screen and also from
the format tables. This command is not valid if the
display station is offline, is not powered on, or is in
hardware-error mode.

Clear Format Table (Hex 50): Performs the same
functions as the clear unit command (as described in the
preceding paragraph) but does not (1) clear the
information on the display screen, (2) clear
operator-error mode, or (3) clear system request mode.
This command is not valid if the display station is
offline, is not powered on, or is in hardware-error or
operator-error mode.

Format Table

The format table contains an entry for each input field
specified on the display screen. All fields specified in
the format table are returned to the system when a read
input fields command is issued. Input fields can be
coded so that they cannot be modified from the
keyboard.

Each entry in the format table must include a 2-byte
field address word and a 2-byte field format word.
Another word, a 2-byte field control word, is optional;
the entry can have up to two field control words.
Therefore, each entry in the format table is at least 4
bytes long but can be as many as 6 or 8 bytes long.
The format table is less than, or equal to, 512 bytes.

To determine the number of input fields permitted on
the display screen, use this calculation: 4 (total number
of input fields) plus 2 (number of input fields needing
resequencing field control words) plus 2 (number of
input fields needing modulus 10/11 check digit
verification). The total number must be less than 512
bytes.

Field Address Word

A 2-byte field address word is generated by the work
station controller for each input field. This word
determines the starting address of the input field on the
display screen.

Work Stations  7-27



Field Format Word

A 2-byte field format word is generated by the user’'s

program and is sent to the work station controller via

the output data stream. This word determines the

characteristics of the input field and is shown in Figure
L 7-11.

See Input Fields later in this chapter for a description of
the different types of input fields.

Field Control Word

A 2-byte field control word is not always needed in the
format table entry when describing the input fields, but
any format table entry can have as many as two of
these words. If used, the field control words are
generated by the user’s program and sent to the work
station controller via the output data stream.

Two types of field control words are used; the
resequencing type and the check~digit type. When both
types are used, the resequencing type must be the first
one in the data stream.

Resequencing Field Control Word: Identifies the
sequence in which the input fields are sent to the
system when a read input fields command is issued.
When the input fields are not resequenced, they are
sent to the system in the sequence in which they appear
on the display screen.
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If the input fields are resequenced, the first field sent to
the system is identified with the start of header order,
and the last field must have bits 8 through 15 of the
field control word set to hex FF. The bits of the
resequencing field control word are as follows:

Bits Meaning

Oand 1 Setto 10.

2and 3 Set to 00.

4-7 Set to 0000.

8-15 Indicates the next field returned to the

system. For example, assume that 10
input fields are specified on the display
screen and they are sequentially
numbered 1 through 10. However, they
are to be resequenced in the order 5, 6,
2,349, 10,1, 7, and 8 when the read
input fields command is issued. In this
case:

« The fourth byte of the start of header
order would contain hex 05 (indicating
the first field returned to the system).

« Input fields 2, 3, 5, 7, and 9 do not
need resequencing field control words
because the next sequential fields are
returned next; that is, 3 follows 2, 6
follows 5, etc.

« Input fields 1, 4, 6, 8, and 10 need a
resequencing field word as follows:

Field Field control word in hex

1 8007 (field 7 follows field 1)
4 8009 (field 9 follows field 4)
6 8002 (field 2 follows field 6)
8 80FF (field 8 is the last input

field in this example)
10 8001 (field 1 follows field 10)



Bits

Input Field Attribute and Description

0-1

5.7

10

Set to 01 to indicate a field format word.

Bypass bit

0 = Not a bypass field.

1 = A bypass field: The operator cannot key data into this area of the display screen, and the cursor

is positioned in the first position of the next input field that isn't a bypass field.

Dup key enabled

.0 = Dup key cannot be used in this field.

1 = Dup key can be used in this field.
Modified data tag (MDT) bit

0 = This field has not been modified.
1 = This field has been modified.

Field description

000 = Alphameric: All characters allowed.

001 = Alphabetic only: Allows uppercase and lowercase letters, comma, period, hyphen, blank,
and Dup keys.

011 = Numeric only: Allows 0-9, comma, period, +, -, blank, and Dup keys.

100 = Katakana (Japan only).

111 = Signed numeric: Allows 0-9 and Dup keys.

Note: All rerﬁaining bit configurations are reserved.

Automatic enter

0 = No automatic enter.

1 = Automatic enter: System assumes that the Enter/Rec Adv key was pressed after the cursor
left the input field via the Field Exit key, Field+ key, Field- key, or by entering the rightmost
character into the field.

Field Exit key needed

0 = Cursor leaves field when rightmost character is entered.
1 = Cursor does not leave field when rightmost character is entered.

Monocase mode

0 = Display lowercase a through z.
1 = Convert lowercase a through z to uppercase.

Figure 7-11 (Part 1 of 2). Field Format Word

Work Stations  7-29



Bits

Input Field Attribute and Description

11

12

13-15

Reserved
Mandatory enter

0 = Not a mandatory enter field.
1 = Is a mandatory enter field; at least 1 character must be entered.

Adjust or fill option

000 = No adjust specified.

101 = Right adjust and O fill: The rightmost character entered in this field is shifted to the right
boundary of the field. The positions to the left of the characters entered are filled with zeros.

110 = Right adjust and blank fill: The rightmost character entered in this field is shifted to the right
boundary of the field. The positions to the left of the characters entered are filled with blanks.

111 = Mandatory fill: Requires that if one position of the field is filled, then all positions must
be filled. The Dup key satisfies this requirement and causes an exit to the next input field.

Note: All remaining bit configurations are reserved.

Figure 7-11 (Part 2 of 2). Field Format Word

Check-Digit Field Control Word: Specifies that an input
field is to be checked for its validity using modulus 10
or modulus 11 checking. This word is assembled as
follows:

Bits Meaning

Oand1 10.

2and 3 11.

4-7 0001.

8-10 Self check operation where bits 8 through

10 are set to 010 for modulus 11
checking, or set to 101 for modulus 10
checking.

11-15 00000.

The following rules apply when input fields are checked:

« Signed-numeric, numeric only, alphabetic only, and
alphanumeric fields can be specified for checking.

« Field lengths are limited to 32 character positions.

Signed-numeric fields can be 33 positions, but the
signed position is not checked.
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The check digit is the rightmost character in the field.

Only the four low-order bits of each character are
used for the check digit.

The number to use in calculating the check digit for

non-numeric characters is determined by the EBCDIC

representation for the character.

— A is equal to C1; the number to use is 1

— R is equal to D9; the number to use is 9.

— % is equal to 6C; the number to use is 0. The
number to use is 0 when the four low-order bits
are either A, B, C, D, E, or F.

If an input field does not check correctly, an error
code of 0015 is displayed, and the cursor is moved
to the first position of the field in error.

Figure 7-12 shows the calculations of the check digit
used for modulus 10 and modulus 11 checking.




Check Digit

Units Position

\
Field Positions (32 maximum}) m } I 25
\
\
Modulus 10 Multiplier n' (See Note 1.} )] 2
\

30| 31] 32]

I

|

|

]

I

[}
NI

Modulus 11 Multiplier l (See Note 2.) LLZ l 7 GJ 5

N ]

I

|

i

l

1

|

|

| I
| L
Field to be checked contains 362536. 36215 [3]s B [X
P oo
| | | |
Modulus 10 (Multiply each number in by the 3 12 I 2 10 l 3 I 12 ln @ﬂ
corresponding multiplier in n N : : ! ' !
! ' [ | 1
Modulus 11 (Multiply each number in B by the LZI [ 3?' 10 | 20 I 9 l 1ﬂa

corresponding multiplier in [E§ .)

For modulus 10:

1. Add the digits in n(S +1+2+2+1+0+3+1+2=15). If the sum ends in 0, the check digit is 0.
2. Subtract the sum from the next higher number ending in 0. (20 - 15=5)

3. Inthis example, the check digit is 5. [

For modulus 11:

1. Add the numbers inB(Zl +36+10+20+9+12=108).

2. Divide the sum by 11 and record the remainder. |f the remainder is 1, the number being checked cannot be used.
108/11 = 9 (with a remainder of 9) )

3. Subtract the remainder from 11 (11 - 9= 2),

4. In this example, the check digit is 2.

Notes:

1. The modulus 10 multipliers are 2 and 1 for every other position in the field.

2. The modulus 11 multipliers are 7, 6, 5, 4, 3, and 2 for positions 2 through 7, 8 through 13, 14 through 19, 20 through
25, and 26 through 31. The multiplier for position 1 is 2.

Figure 7-12, Calculation of Modulus 10/Modulus 11 Check Digit
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Input Fields

The user must specify the input fields that are modified
from the keyboard and then sent from the display
stations to an application or utility program. Bits b
through 7 of the field format word specify the type of
input field, and the remaining bits of the field format
word specify the characteristics of the input field.

Types of Input Fields

There are five types of input fields as described in the
following paragraphs. The decode of bits 5 through 7
of the field format word determine the type of input
field; the decode of these bits is given in parentheses
after the name of the input field.

Alphameric (000): Lets the operator enter any
lowercase or uppercase character {alphabetic, numeric,
or special) ‘from the keyboard. The shift keys override
the lowercase letters (and numbers) and force uppercase
letters {and special characters).

Alphabetic Only (001): Lets the operator enter any
lowercase or uppercase letter and blank, comma, period,
hyphen, or dup (if the dup allowed bit is on). An error
occurs if the operator tries to enter any other character.

Numeric Only (011): Lets the operator enter any
number (0-9) and blank, plus, minus, comma, period, or
dup (if the dup allowed bit is on). An error occurs if the
operator tries to enter any other character.

Katakana (100): This type of input field is used only in

Japan. If Katakana is specified for a display station that
does not support Katakana, the input field type defaults

to alphameric.

Signed Numeric (111): Lets the operator enter any
number (0-9) and dup (if the dup allowed bit is on). An
error occurs if the operator tries to enter any other
character.

Signed numeric fields are always right-adjusted and the
rightmost field position is always reserved for the sign
(minus for negative and blank for positive). Therefore,
the maximum number of characters that can be entered
is 1 less than the field length.

If the Field- key is used to exit the field, a minus sign is
placed in the rightmost field position. If the Field+ or:
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Field Exit key is used to exit the field, a blank is placed
in the rightmost field position. The rightmost field
position is not returned when a read input field
command is issued.

Characteristics of Input Fields

Bits 2 through 4 and 8 through 15 of the field format
word specify the characteristics of the input fields. Bit 4
is the modified data tag bit, bit 10 is the uppercase bit,
and bit 11 is reserved. The remaining bits are described
in the following paragraphs and the bit numbers are
given in parentheses after the name of the input field
characteristic.

Bypass (Bit 2): Prevents the operator from entering
data into a specified input field. Bypass also causes the
cursor to move to the first position of the next
nonbypass input field.

Note: Bypass specified input fields are returned to the
system when a Read Input Fields command is issued.

Dup Allowed (Bit 3): Allows the Dup key function in
this field.

Automatic Enter (Bit 8): Causes an enter AID to be
sent to the host when the cursor is in the input field
and:

« the Field Exit or Field+ key is preésed.
« the Field- key is pressed in a signed numeric field.
« the Dup key is pressed and the dup allowed bit is on.

« a character is entered into the low-order character
position of the input field and field exit control is not
enabled.

Field Exit Control (Bit 9): The operator must press a
nondata type key before the cursor will leave the input
field.

Mandatory Enter (Bit 12): The modified data tag bit
associated with the input field must be set on before
the information on the display screen can be returned to
the system This is normally accomplished by entering at
least one data character into the field from the
keyboard. ‘



When any automatic enter function is activated, all fields
on the display screen are checked to see if they are
specified as mandatory enter fields. If any specified
mandatory enter field does not have its modified data
tag bit set on, the automatic enter function is not
executed. Instead, the cursor is positioned in the first
position of the first mandatory enter field that does not
have its modified data tag bit set on, and a four-digit
error code of 0007 is displayed.

When the cursor is in the first position of a specified
mandatory enter field, the Field Exit, Field+, and Field-
keys will not cause the cursor to move until at least one
character has been entered. A four-digit error code of
0021 is displayed if any of these keys are pressed when
the cursor is in the first position of the field.

Mandatory Fill (Bits 13-15): If one position of the input
field is filled, then all positions must be filled. The Dup
key satisfies this condition and causes the cursor to
move to the first position of the next input field. Bits
13-15 of the field format word are set to 111 for a
mandatory fill field.

Other rules that apply when the cursor is in a mandatory
fill field are:

« If no characters have been entered in this field, the
cursor can be moved from this field by pressing the
Field Advance, Field Backspace, Field Exit, Field+,
Field-, Erase Input/Home, any of the cursor motion
keys, or any AID generating key that locks the
keyboard.

Note: The Field Exit, Field+, and Field- keys will
cause the cursor to move only from the first position
of a mandatory fill input field. If the Field- key is
pressed when the cursor is in the first position of a
mandatory fill input field (but the field is not a signed
numeric field), a four-digit error code of 0016 is
displayed. : )

« |f some characters have been entered in this field and
the field contains null characters, the cursor motion
keys can be used unless they would cause the cursor
1o leave this field. A four-digit user code of 0014 is
displayed if the cursor motion keys cause the cursor
to leave this field.

Right-Adjust (Bits 13-15): Causes the data entered in
this field to shift to the right until the rightmost
character entered is at the right boundary of the field.
The Field Exit, Field+, or Field- (in a signed numeric
field only) keys, when pressed, cause the data to shift.
All character positions to the left of the characters
entered are filled with O’'s (bits 13-15 are set to 101
respectively) or with blank characters (bits 13-15 are set
to 110 respectively).

Other rules that apply to an input field that is specified
as a right-adjust field are:

« Signed numeric fields are always blank filled and
right-adjusted unless otherwise specified.

« If no characters are entered in this field after the
cursor is moved to this field, the Enter/Rec Adv key
can be pressed.

« If any AID request key is pressed after some
characters have been entered and the cursor is still in
this field, a four-digit error code of 0020 is displayed.

DISPLAY STATION STATUS BYTES AND ERROR
RECOVERY

When an error is sensed during a display station
operation, bytes 10-15 of the input/output block (IOB)
are posted with status indicating the cause of the error.
Byte 13 of the input/output block is the AID byte (see
Figure 7-3). If the AID byte is hex 04, a byte count
error or an address translation error was sensed.
However, if the AID byte is hex FF, the status
information is posted in IOB bytes 10,11, 12, 14, and
15. (I0OB bytes 10, 11, 12, 14, and 15 are equal to
status bytes O through 4, respectively.)

The status posted in bytes 10 and 11 of the 0B specify
the error conditions associated with the interface
between the display station and the work station
controller. The status posted in bytes 12, 14, and 15 of
the 10B specify the error conditions associated only with
the display stations.

Figure 7-13 describes the error conditions, gives the
I0B bit definitions for each status byte, gives the priority
in which the bits are tested, and gives a message
number for each error condition. The message number
is a reference to the Displayed Messages Guide, which
contains the error recovery procedures needed for each
of the error conditions.

Work Stations  7-33



Status
Byte

Bit

Test
Priority

0B
Byte 14
(in hex)

Bit Name

Bit Description (See Note)

Message
Number
(See Note)

0

01

02

03

04

05

Data stream
reject '

Invalid data was sensed in the output data
stream while executing an output command.
After this error occurs:

1. The processing of data ends immediately.
Therefore, the states of the display screen
and the format table are not predictable.

2. The error must be corrected before
trying the same operation that caused
the error.

3. A clear unit command should be executed
to restore the display screen and format
table to a known state.

4, Byte 14 of the |OB contains a code that
gives the reason for the error.

The following conditions cause this error:

® Premature termination of data stream: The
byte count in the work station control
field contains a number that causes the
output data stream to end too soon.

® |nvalid address: An invalid address
follows a set buffer address, repeat to
address, or insert cursor order.

® Address is less than the current display
address: The address specified in a
repeat to address order is valid, but it
is less than the current value in the display
address register.

® |nvalid output data stream: Either an
escape character {hex 04) is missing, or
the command byte is not valid. Valid
command bytes include hex 01, 05, 11,
21, 23, 40, and 50.

® |nvalid field length: The length bytes
following the start of field order are O.

SYS-7501
{SYS-6501)

SYS-7502

SYS-7503

SYS-7504

SYS-75605

Figure 7-13 (Part 1 of 8). Display Station Status Bytes
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Status
Byte Bit

Test
Priority

10B
Byte 14
(in hex)

Bit Name

Bit Description (See Note)

Message
Number
(See Note)

0 0
(continued)

06

07

08

09

0A

0B

oc

0D

Data stream
reject

Invalid field starting address: An attempt
was made to define an input field with a
starting address that is less than, or equal
to, the starting address of an input field
already defined in the format table, The
error is sensed when processing a start of.
field order.

Incomplete or invalid data on a restore
command: Either a restore command was
sent to the wrong display station, or there
was not enough information following the
command (even if the command was sent
to the correct display station).

Input field too large: An attempt was made
to define an input field that extends past
the end of the display screen area. The error
is sensed when processing a start of field
order.

Format table overflow: Too many input
field are defined in the format table.

Display overrun: An attempt was made to
write data past the end of the display screen
area. This error is sensed when processing

a write data command, or a write error
command.

Invalid start of header parameter: The
parameter byte following the start of header
order is not hex 03.

Invalid roll parameter: One of the three
parameter bytes following the roll command
is not valid.

Too many field control words defined: Too
many field control words are defined after

a start of field order, or the work station con-
troller sensed an invalid parameter byte
following a start of field order (the first three
bits of the byte are set to 000).

SYS-7506

SYS-7507

SYS-7508

SYS-7509

SYS-7510

SYS-7511

SYS-7512

SYS-7513

Figure 7-13 (Part 2 of 8). Display Station Status Bytes
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The byte count is not equal to the byte
count associated with the following
commands:

— For the read screen, save screen, and save
tables commands, the byte count is too
small to permit the transfer of all data.

— For the read input fields command, the
byte count is either too small to permit
the transfer of all data, or the byte count
is not equal to O after all data has been
transferred.

10B Message
Status Test Byte 14 Number
Byte Bit | Priority {in hex) Bit Name Bit Description (See Note) (See Note)
0 1 6 Work station Invalid data was sensed in the work station
control field control field. After this error occurs:
error
S The error must be corrected before
trying the same operation that caused
the error.
2. Byte 14 of the 0B contains a code
that gives the reason for the error.
If this error occurs, any data sent to the host
should not be used.
The following conditions cause this error:
01 ® |nvalid command modifier (10B byte 4). SYS-7633
(SYS-6533)
02 ® |nvalid byte count (I0OB bytes 8 and 9): SYS-7534
The byte count is O for a display station, (SYS-6534)
or it is more than 256 for a printer.
03 ® Invalid unit address (I0B byte 5). SYS-7535
(SYS-6535)
Note: The display screen and the format
table are not changed by the above three
errors, and no data is sent to (or received
from) the display station.
04 ® Incorrect byte count (IOB bytes 8 and 9): SYS-7536

Figure 7-13 (Part 3 of 8). Display Station Status Bytes
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Status
Byte

Bit

Test

3 Priority

10B
Byte 14
(in hex)

Bit Name

Bit Description (See Note)

Message
Number
(See Note)

0

5

02

03

05

06

07

Resources
temporarily
not available

A requested operation cannot be executed at
this time. The operation can be tried again
when the condition causing the error is
cleared.

The following conditions cause this error:

® Work station is not operational

® Work station is offline

® Display station error state: The display
station is in operator-error mode'or
system request mode, and a command
cannot be executed. In operator-error
mode, the only valid commands are save
tables, save screen, restore tables, restore
screen, write error (in response to the
Help key), set-operator-alert-indicators,
and reset-operator-alert-indicators. In
system request mode, the only commands
that are rejected are save tables, save
screen, restore tables, and restore screen.

Note: After this error occurs (and has been
cleared), an AID byte of hex FA is gener-
ated. No other commands should be issued
until the host receives the AID byte.

® Read input fields command is rejected
because the keyboard is not locked.

® Work station is not powered on: A
command was sent to a work station
that is not powered on {(and mode set).

SYS-7566
(SYS-6566)

SYS-7567
(SYS-6567)

None

SYS-7570

SYS-7571
(SYS-6571)

Figure 7-13 (Part 4 of 8). Display Station Status Bytes
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10B Message

Status Test Byte 14 . Number
Byte Bit Priority (in hex) Bit Name Bit Description (See Note) (See Note)
0 2 09 Resources ® |nvalid save/restore command sequence: SYS-7573
{continued) temporarily The command following a save tables or
not available save screen command is not valid. Valid

commands following:

— A save tables command are save screen,
set- (or reset-) operator-alert-indicators,
clear unit, or another save tables
command.

— A restore tables command are restore
screen, set- (or reset-) operator-alert-
indicators, clear unit, or another restore
tables command.

Note: A save tables command and a restore
tables command can be retried immediately,
but a save screen command and a restore
screen command cannot be retried unless
preceded by a save tables or save screen
command, respectively.

0 3 3 . Work station A hardware error was sensed by the work " None
controller station input/output control handler.
DBO/DBI
parity check
0] 4 4 Operation A hardware error was sensed by the work None
check station controller; operation of the work
station controller ends until this error is
corrected.

The following conditions cause this error:

01 ® The SERDES failed; System/34 cannot
communicate with the display stations.

02 ® (Cycle steal time-out occurred.
05 ® Work station controller interrupts are not
occurring. Therefore, keystrokes are not
operational.
0 5 1 Work station Even parity was sensed on the controller None
controller storage output.
storage

parity check

Figure 7-13 (Part 5 of 8). Display Station Status Bytes
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Status
Byte

Bit

Test
Priority

0B
Byte 14
(in hex)

Bit Name

Bit Description (See Note)

Message
Number
(See Note)

0

2

17

01

02

03

Work station
controller
long time-out
check

Screen format
error

No response
time-out

Transmit
activity
check

Either a work station controller interrupt failed,
or the work station controller microcode is in
aloop.

An input field is not correctly defined; the
error is most likely in the output data stream.
Before operations can continue, the error must
be corrected.

The following conditions cause this error:

® An input field length error was sensed during
aread input fields operation, or during
keyboard entry into this field.
— Field length was 0.
— Field had no ending screen attribute.
— Signed numeric field was 1 byte long.
— Field read was not the same length as the

field defined.

® Resequence error in the format table during
aread input fields operation.
— Resequence number is 0.
— Resequence number is greater than the
number of fields defined on the display
screen.

® Check digit field was not valid during
keystroke processing; the field was more
than 32 characters long.

Work station is no longer communicating
with the work station controller. The work

“station is forced into hardware-error mode.

Work station controller attempted to
communicate with a work station, but one
of the following occurred:

® Communication was not established.

© Communication was established but with
the wrong work station, or with more than
one work station. The work station is
forced into hardware-error mode.

None

SYS-7601

SYS-7602

SYS-7603

SYS-7300
(SYS-6300)

SYS-7301
(SYS-6301)

Figure 7-13 (Part 6 of 8). Display Station Status Bytes
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10B Message

Status Test Byte 14 Number

Byte Bit Priority (in hex) Bit Name Bit Description (See Note) (See Note)

1T 3 10 Activate The work station did not respond to an SYS-7309
command activate command, or the work station (SYS-6309)
failure controller missed the response from the

work station. The work station is forced
into hardware-error mode.

1 4 11 Receive parity | Data received by the work station controller SYS-7303

check from the work station was not valid. The (SYS-6303)
work station is forced into hardware-error
mode.

1 5 13 Receive length | Work station controller received the wrong SYS-7306
check number of bytes from the work station. The (SYS-6306)

work station is forced into hardware-error
mode.

1 7 15 Even/odd The work station did not switch its poll SYS-7390
response response level in 450 milliseconds. The work (SYS-6390)
time-out station is forced into hardware-error mode.

2 0 12 Device busy Work station did not execute a requested SYS-7391
time-out operation in the time allowed. The work (SYS-6391)

station is forced into hardware-error mode.

2 1 16 Line parity Work station was not able to receive data SYS-7304
check from the work station controller. The work (SYS-6304)

station is forced into hardware-error mode.

2 4-6 14 Exception Bits 4-6 are encoded as follows:
status

000 = No exception status None
001 = Null or attribute error for display SYS-7323
station, or activate lost/discarded (SYS-6323)
without a parity check for printer j
010 = Invalid activate ’ SYS-7324
(SYS-6324)
011 = Reserved SYS-7325
(SYS-6325)
100 = Invalid command or device address SYS-7320
(SYS-6320)
101 = Input queue or storage overrun SYS-7322
(SYS-6322)
110 = Invalid register value for display SYS-7321
station, or reserved for printer (SYS-6321)
111 = Power on transition SYS-7308
(SYS-6308)

Figure 7-13 (Part 7 of 8). Display Station Status Bytes
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Status
Byte

Bit

Test
Priority

10B
Byte 14
(in hex)

Bit Name

Bit Description (See Note)

Message
Number
(See Note)

0-7

0-7

18

18

i

Status code 1

Status code 2

This byte contains hex 00 or one of the
following:

® An error code (see bytes 0 and 1 in this
chart).

® An invalid scan code if status byte 4 is
equal to hex 2X.

® The high-order two digits of the operator-
error code if the AID code in IOB byte 13
is equal to hex FB (Help key in operator-
error mode).

This byte contains hex 00 or one of the
following:

® Hex 28 if an invalid scan code is reported
and the master modified data tag bit (bit
4 of this byte) is on.

® Hex 20 if an invalid scan code is reported

and the master modified data tag bit is off.

@ The low-order two digits of the operator-
error code if the AID byte in |OB byte 13

is equal to hex FB (Help key from operator-

error mode).

® Hex 08 if the master modified data bit
ison.

None

None

Note: In the Bit Description column, the words work station refer to both display stations and printers. In the
Message Number column, message numbers SYS-75XX are for the display stations and message numbers SYS-65X X
are for the printers. The message numbers for the printer appear in this column only when the bit being described
is common for both devices (display stations and printer).

Figure 7-13 (Part 8 of 8). Display Station Status Bytes

Work Stations  7-41




7-42



The diskette is used for two primary system functions:

« Storing data on the diskette to keep it for future use,
then loading it back into the system when needed for
a job

« Moving data, using the diskette for basic data
exchange

The System/34 can have either a diskette 1 drive or a
diskette 2D drive installed inside the 5340 system unit.
The diskette 1 drive has one data head on one side of
the diskette, for reading or writing. The diskette 1 drive
can read from or write on only one side of a diskette in
only frequency modulation recording mode. The diskette
2D drive has one data head on each side of the
diskette, for reading or writing. The diskette 2D drive
can read from or write on both sides of a diskette in
either frequency modulation mode or modified frequency
modulation mode. :

—— —

Figure 8-1. 26-Sector Diskette

Chapter 8. Diskette

The diskette drive turns the diskette at 360 + 2.5%
revolutions per minute. The diskette 1 drive can read or
write 31,250 bytes per second. The diskette 2D drive
can read or write either 31,250 bytes per second in
frequency modulation mode or 62,500 bytes per second
in modified frequency modulation mode.

DISKETTE SURFACE

The diskette surface is divided into cylinders. Each
diskette surface contains 77 cylinders; cylinder 00 is the
outside cylinder and cylinder 76 is the inside cylinder as
shown in Figure 8-1.

Diskette 8-1



Of the 77 cylinders, only 75 are normally used. Cylinder
00 is the index cylinder that contains the volume label
and data set header labels; cylinders 1-74, the primary
cylinders, store data records. Cylinders 75 and 76 are
available for data storage in the event that one or two
of the primary cylinders (1-74) becomes damaged.

If a damaged track is found during disk initialization,
hexadecimal FF is written in the track sector
identification fields. Duririg a read operation, if an
identification field of hexadecimal FF is read, the control
storage program issues a seek to the next track and
executes another read operation.

Cylinder 00 on a diskette 1, and cylinder 00 head O on a
diskette 2, always have 26 sectors each having 128
bytes written in frequency modulation mode. Cylinder
00, head 1 on a diskette 2D always has 26 sectors,
each having 256 bytes written in modified frequency
modulation mode. Each cylinder has one track on a
diskette 1, and two tracks on a diskette 2D.

For cylinders 1-74, each track is divided into either 8 or
26 sectors. In frequency modulation mode the 8 sectors
each have 512-byte records and the 26 sectors each
have 128-byte records. In modified frequency
modulation mode the 8 sectors each have 1024-~byte
records and the 26 sectors each have 256-byte records.

SECTOR FORMAT

Each sector has a sector identification field, and has
either a data record field or a control record field, as
shown in Figure 8-2.

Therefore, because the diskette is formatted into
cylinders and sectors, each record on the diskette has
its own record address. This address is recorded at the
physical location of the record on the diskette. Diskettes
that contain record addresses are known as initialized
diskettes.

DISKETTE INITIALIZATION

Diskettes .are initialized in the Basic Data Exchange
Format, as described in the IBM Diskette General
Information Manual, GA21-9182.

Data Record
Gap1 | Sync AM1 iD | CRC | Gap2 | Sync | AM2 |Jor CRC | Gap1
Control Recor \
PR -~ o~ S
’// Sector Identification S o
1 2 3 4
R d
Cylinder Head Record LZEZtrh
Address Address Address Indicator

Figure 8-2 (Part 1 of 2), Sector Format
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Field

Description

Field

Description

Gap 1

SYNC

AM1

CRC

Gap 2

The gap between this record and the next record.
It is variable length.

A 6-byte field for FM mode or 12-byte field for MFM
mode; all 0's; synchronizes the hardware circuits prior
to reading the information from the diskette.

For FM mode a 1-byte identifier field address
mark identifies the 1D data and contains hex FE.
For MFM mode a 4-byte identifier field address
mark identifies the ID data and contains hex
A1A1A1FE.

A 4-byte sector identification (address) in the
format CHRN, where:

C = 1-byte binary cylinder address. Valid
addresses are:

Decimal = 00-76
Hex 00-4C

H = 1-byte binary head address. The valid
address is X'00’ or X'01".

R = 1-byte binary record address. Valid
addresses are decimal 01-26 or 01-08,
depending on the number of sectors per
cylinder on this diskette.

N = 1-byte record length indicator. N is hex
00 for 128-byte records, hex 01 for
256-byte records, hex 02 for 512-byte
records, or hex 03 for 1024-byte records.

A 2-byte cyclic redundancy check field which
verifies that the ID field and data field were read
correctly. The system generates these bytes
during a write operation and automatically
performs a read-back check to verify their
accuracy.

Gap between the |D field and the data field. It
‘is generated by the system during write operations.

AM2

Data
or
Control

A 1-byte field for FM mode or 4-byte field for
MFM mode. For FM mode the field contains
either a hex FB or hex F8. Hex FB indicates
the information following is a data field. Hex
F8 indicates the information following is a
control field.

For MFM mode the field contains either a hex
ATATA1TFB or ATA1A1F8. Hex ATA1A1FB
indicates the information following is a data
field. Hex A1ATA1F8 indicates the informa-
tion following is a control field.

The length of this field is specified by the
record length indicator (N) contained in the
sector 1D field.

The contents of the control field are described
in the /BM Diskette General Information
Manual, GA21-9182.

Figure 8-2 (Part 2 of 2). Sector Format

Diskette
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DISKETTE OPERATIONS

The processing unit issues seek, read, and write
operations to the diskette drive, which are controlled by
the input/output block.

Diskette seek operations are overlapped with all other
system functions. Diskette input/output operations are
overlapped with all other system input/output functions
except the disk storage drive functions.

Starting a Diskette Operation

A diskette operation is started by executing a supervisor
call instruction with an R code of hexadecimal 41. Index
register 1 must point to an assembled 34-byte
input/output block.

Diskette Input/Output Block

The diskette input/output block controls diskette
operations as shown in Figure 8-3. .
If sequential sector addressing is used, bit 2 of the
command modifier field of the input/output block must
be a 0. If CHRNX addressing is used, bit 2 in the
command modifier field of the input/output block must
be a 1 and the CHRNX field (shown in the next
paragraph) becomes bytes 30-34 of the input/output
block.

00 *| o1 02 *103 *1 04 05 06 “T 07 * 08 *109
Event Completion Flag Command Command Reserved Data Address Length (not used}
Control Code Byte Code Modifier (must be
Block zero)
0A oB ocC oD OE OF 10 1 12 13
Device Status Device Status Device Status Bevice Status Reserved Reserved TCB Pointer Error Retry Reserved
Sense Sense Sense Sense (must be {must be Count {must be
Byte O Byte 1 Byte 2 Byte 3 zero) zero) zero)
14 15 LG 17 *| 18 19 1A [18 1Cc 1D
Reserved Address of DTF Next Sequential Sector to Sector Sector Address Number of Cylinder
(must be process Count Sectors to be Address
zero) Processed

-1

*User Supplied Bytes

1E 1F 20 21
Head Record Record Number of
Address Address Length Sectors to be
Processed
-1

Figure 8-3 (Part 1 of 4). Diskette Input/Output Block

84




DO

D1

D2

D3
D5
D6

D7

Displacement IBM
of Leftmost Program Length in
Byte in Hex Label Bytes Field Description
0 $I0OBRECB 1 Event control block
Bit Meaning When Set to 1
0 Reserved.
1 The data address in the |OB is
correct; do not translate it.
2—7 Reserved.
1 $IOBRCMP 1 This is the diskette completion code (in hex).
40 Successful completion
41 = Permanent 1/O error
42 = End of volume
43 = Not ready
44 = End of track
49 Unsupported control record found
2 $IOBRFLG 1 Flag Byte
Bit  Meaning When Set to 1
0 No error recovery to be attempted.
1 Do not return on a permanent error.
2 Do not issue any error messages.
3 Do not log errors.
4 Disable automatic seek after a data
operation.
5 Reserved, must be 0
6 Reserved, must be 0.
7 Disable automatic seek before a
data operation.
3 $IOBRCMD 1 Command Code

Seek

Read data (deleted control records
are bypassed)

Read data/control address mark
(deleted control records are not
bypassed)

Read identification field
Write data
Write data/control address mark

Write identification field

Figure 8-3 (Part 2 of 4). Diskette Input/Qutput Block

Diskette
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Displacement 1BM
of Leftmost Program Length in
Byte in Hex Label! Bytes Field Description
4 $IOBRMDR 1 Command Modifier
Bit  Meaning When Set to 1
0 = Datais in MFM recording mode.
| Return on a not ready condition.
2 This 10B has a CHRNX field.
3 Control store data address (valid only
for a read data command).
4 Diskette 2D.
5 Return control on end of track.
6,7 These bits define the physical sector
length for sequential sector addressing:
Bit  Sector Length
0,0 128 bytes
0,1 256 bytes
1,0 512 bytes
1,1 1024 bytes
5 $IOBRSV1 1 Reserved, must be zero.
6 $IOBRDAT 2 Data address.
8 $IOBRLNG 2 Length {not used).
A $I0BRSBO 1 Status byte 0. See Figure 8-4 for bit 0-4
meanings when status byte 1 bit zero is on.
B $IOBRSB1 1 Status byte 1.
c $I0BRSB2 1 Status byte 2.
D $IOBRSB3 1 Status byte 3.
E $10BRSV2 1 Reserved, must be zero.

Figure 8-3 (Part 3 of 4). Diskette Input/Output Block
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Displacement
of Leftmost
Byte in Hex

1BM
Program
Label

Length in
Bytes

Field Description

F

10

12

13

15

17

19

1A

1C

1D

1E

1F

20

21

$I0BRSV3

$I0BRTCB

$I0OBRERR

$IOBRPAD
$IOBRDTF

$IOBRLSP

$IOBRLFT

$10BRSS

$IOBRNB

$IOBRCYL
$I0BRHD
$I0BRRCD

$I0BRSIZ

$I0BRNUM

Reserved, must be zero.

These 2 bytes contain the address of the

task control block associated with this input/
output block. There is one task control block
for each task that can be performed by the
system. More than one task can be executing
at the same time on the system. The number
of tasks that can be run on a system depends
on the system configuration.

Error retry count,.

Reserved—must be zero.
Define the file address.

Next sequential sector to process. If SS
addressing is used (bit 2 of the command
modifier is 0), and a read or write operation
has ended without an error, this field con-
tains the SS of the last sector processed, +1.
If there is an error, this field contains the
SS of the sector in error.

Residual sector count. It is either a hex FF
which indicates that all data sectors were
transferred or it is the number of sectors
that were not transferred, -1.

Starting sector address. |f bit 2 of the com-
mand modifier is a 1, and a read or write
operation is complete, this field contains
the final cylinder and head of the last
operation.

Number of sectors of data transferred, -1. [f
bit 2 of the command maodifier is a 1, upon
completing a read or write operation this
field contains the last sector number
transferred, +1.

The following fields are used only if bit 2 of
the command modifierisa 1.

Cylinder (C).
Head (H).

Record number (R).

Sector size (N). Bits 6 and 7 define the physical
record length. These values are the same as bits

6 and 7 of the command modifier.

' Number of sectors (x) of data transferred, -1.

Figure 8-3 (Part 4 of 4). Diskette Input/Output Block

Diskette

8-7



CHRNX Field
The 5-byte CHRNX field specifies:

« For a seek operation, C is either a 00 through 76 for
the desired seek track address, or hexadecimal FF
which specifies a recalibrate operation. H, R, N, and
X are not used for a seek operation.

« For a read data operation, a read control record
operation, a write data operation, or a write control
record operation:

— C (cylinder number) is a 1-byte address; valid
decimal addresses are O through 76. ,

— H (head number) is (1) for a diskette 1, a 1-byte
address of O or (2) for a diskette 2D, either a O for
data head zero or a 1 for data head one.

— R (record number) is a 1-byte address that
specifies the first record to be processed in a
one-record or many-record data operation.
Decimal record numbers 1 through 26 are valid for
128-byte frequency modulation or 256-byte
modified frequency modulation format diskettes.
Record numbers 1 through 8 are valid for
512-byte frequency modulation or 1024-byte
modified frequency modulation format diskettes.
Not valid record numbers set the record not
compare status bit (status byte 0, bit 5).

— N (record length indicator) is a 1-byte binary
number that indicates the physical record length.
N must be O for 128-byte records, 1 for 256-byte
records, 2 for 512-byte records, and 3 for
1024-byte records. This byte does not change as
the operation is executed.

— X (number of records) is a 1-byte binary number
that specifies the number of records to be
processed minus 1.

Before processing any data field, the system searches
the track for the desired sector identification field
(CHRN). This verifies that the seek operation found the
correct cylinder. If the fields do not compare, the
system indicates the error in the status bytes at the
input/output block.

Diskette Addressing

Sequential Sector Address

If actual sector (CHRNX) addressing is not used to
identify a diskette data area, sequential sector
addressing is used. Sequential sector addressing starts
at hexadecimal address 0001 (cylinder 1, data head O,
sector 1), increases by 1 for each following sector, and
extends through the last sector on cylinder 74. Cylinder
0 cannot be addressed by sequential sector addressing.

The control storage program changes sequential sector
addresses to actual sector addresses for all operations.

Actual Sector Address

If sequential sector addressing is not used, actual sector
addressing is used. The user supplies the 5-byte
CHRNX field in bytes 30 through 34 of the input/output
block. This method of addressing must be used to
address cylinder O (the volume label and volume table of
contents).

Diskette Seek Mechanism

Seek

The diskette drive seek mechanism moves the data head
to the cylinder specified by the sequential sector
address or CHRNX. A seek is performed on all data
operations except a write identification and read
identification if:

« The data head is not already at the correct cylihder
address.

« Bit 7 of the input/output block flag byte is zero.

A seek to the next cylinder is performed after a write
data operation, or a read data operation if:

« The last sector of a cylinder has been processed.

« Bit 4 of the input/output block flag byte is zero.



Recalibrate

The diskette drive seek mechanism moves the data head
to cylinder 00. A recalibrate is the only way to clear a
not ready condition. The recalibrate operation is started
by a seek operation and either a sequential sector
address of hexadecimal FFFF or the cylinder byte of
CHRNX being hexadecimal FF as specified in the
input/output block.

Read Operations

Read Data

This operation reads data starting at the data record
specified by the sequential sector address or the
CHRNX address. The system reads X+1 data records
into main storage. (X is either byte 19 or byte 1E of the
input/output block.) Deleted control records are not
read into main storage.

Read Control Record

This operation is the same as read data, except that
deleted control records are read into main storage.

Read Identification

This operation reads one 4-byte sector identification
field (CHRN) from the track now under the data head,
and sends it to main storage.

Write Operations

An automatic write verify (which cannot be disabled) is
performed during all write operations. The verify is done
by reading the data just written and comparing that data
against the data in the data area in main storage.

Write Data

This operation sends data records from the data field in
main storage, and the record is written in the specified
diskette sector data record field. This operation
continues until data from main storage has been written
to X+1 diskette data sectors. (X is the contents of either
byte 1C or byte 21 of the input/output block.)

Write Control Record

This operation sends deleted control records from the
data field in main storage, and the record is written in
the specified sector control record field. The first byte
in the data area in main storage must be a character D
(delete record). Records written this way will not be
read by a read data operation. The first control record
of data in the data area in main storage is written in
X+1 diskette sectors. (X is the contents of either byte
1C or byte 21 of the input/output block.)

Write Identification

This operation formats the track that is now under the

data head and new sector identification fields and data
fields are written. The first data field in main storage is
written in all data fields of the track.

CHECK CONDITIONS AND STATUS

For a summary of diskette operation-ending conditions,

diskette indicators set, and restart procedures see Figure
8-5. Except where differently indicated, all status bytes

are reset before executing an operation.

Status Byte 0

Note: For the other meaning of the following four bits
(0-3) if the no-operation bit is on (status byte 1, bit 0)
see Figure 8-4.

Bit Description

0 Missing data address mark: Data was not found
after a sector identification field.

1 Identification cyclic redundancy check: Indicates a
cyclic redundancy check in a sector identification
field.

2 Data cyclic redundancy check: Indicates a cyclic
redundancy check in the data field.

3 Cylinder not compare: The cylinder address part of
the sector identification field and the desired
cylinder byte did not match during a sector
identification search.

4 Head not compare: The data head address part of
the sector identification field and the desired data
head byte did not match during a sector
identification search.
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Record not compare. The record address part of
any sector identification field and the desired
record byte did not match during a sector
identification search.

Length not compare: The record length part of the
sector identification field and the desired length

did not match during a sector identification search.

Seek reverse: The last seek was in the reverse
direction.

Status Byte 1

Bit

0

Description

No operation: A diskette operation cannot be
executed because of existing status before
executing a diskette operation. This bit is reset by
the next diskette operation or by a system reset.

Note: If this bit is on, see Figure 8-4 for other
meaning of status byte O bits 0-3.

Control record not valid: The leftmost byte of a
control record contains other than a F or D, control
address mark.

Verify compare error: The data written does not
match the main storage data field.

Control address mark record found: A control
address mark was found while performing a Read
Data or a Read Data and Control Record
operation.

Not used

Write error: Either a write overrun (status byte 2,
bit 6), a write parity check (status byte 2, bit 7), a
missing erase current (status byte 2, bit 2), data
unsafe (status byte 3, bit 0) was indicated during a
write operation.

End of track: The last record on the track has
been processed, but some records remain to be
processed.

File busy: Data is being read from or written on
the diskette. Interrupt Level 1 is being used.

Status Byte 0
Description
Bit 012 3
000 Device address or port address not valid: The control storage program has detected that the
diskette device address or port address received from the 10B is not valid.
00O Command not valid: The control storage program has detected that a diskette command.
received from the 10B is not valid.
001 Not ready—not seek operation: The command issued to the diskette is rejected because the
diskette is not ready and the command is not a seek.
0. 01 Not ready—seek is not a recalibrate: The command issued to the diskette is rejected because
the diskette was not ready and the command was not a recalibrate.
010 Errors not reset: One or more errors have not been reset.
010 Reject head 1 operation: The command issued to the diskette is rejected because head 1 is
selected, but a diskette 1 is in the machine.
011 Reject MFM operation: The MFM command issued to the diskette is rejected because a
diskette 1 drive is in the machine.
011 Write gate or erase gate on: A command should not be issued to the diskette because the
write gate or erase gate is not off.
Figure 8-4. No Operation Status
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Status Byte 2

Bit

0

Description

Diskette over speed: The diskette is turning quicker
than the maximum specified rate of 376
revolutions per minute, or 159 milliseconds per
revolution.

Diskette not ready: indicates that:

« The diskette is not inserted, or

« The diskette cover has been opened and
closed, or

« The diskette is not up to the correct speed, or

« The diskette is inserted backward.

Erase current missing: Erase current failed to turn
on during a write operation.

Note: This status bit is reset by the verify part of
a write operation. Write error status (status byte
1, bit 5) is set at the same time; the program can
sense this bit.

Record not found: The CHRN sector identification
field could not be found in the selected track
during a sector identification search.

Read overrun: The minimum data rate from the
diskette to main storage was not maintained.

Data mode: Off only during a modified frequency
modulation read or write operation.

Write overrun: The minimum data rate from main
storage to the diskette was not maintained.

Note: This status bit is reset by the verify part of
a write operation. The write error status (status
byte 1, bit 5) is set at the same time; the program
can sense this bit.

Write parity check: The data bus out parity and
system generated serial write data parity did not
match during a write operation.

Note: This status bit is reset by the verify part of
a write operation. The write error status (status
byte 1, bit 5) is set at the same time; the program
can sense this bit.

Status Byte 3

Bit

0]

Description

Data unsafe: Erase current is on while not in a
write operation.

Note: This status bit is reset by the verify part of
a write operation. Write error status (status byte
1, bit 5) is set at the same time; the program can
sense this bit.

Block processor clock off: Diagnostic use only.
One head drive: A diskette 1 drive is installed.
Erase current off: Diagnostic use only.

Head 0 active: Diagnostic use only.

One-surface diskette: Use only data head 0.

1/0 working off: No device is busy.

Diskette working off: The diskette is not busy.

Diskette 8-11



Status Byte 0

Bit

0

Description

Missing data address mark
Identification cyclic redundancy check
Data cyclic redundancy check
Cylinder not compare

Head not compare

Record not compare

Length not compare

Seek reverse

Status Byte 1

Bit

0

Description

No operation

Control record not valid

Verify compare error

Control address mark record found
Not used

Write error

End of track

File busy

lActions are described in Part 3 of this figure.

Condition Set By:

Suggested

Action’
3
XIX]XIX] XX 3
X X[ XXX 3
X X[ XXX 2
X X[X[X]|X 3
X X X[X]|X 3
X X[ X[ X|X 3
Suggested
Action’
X| X[ X| X[ X[X]|X 3
X X 4
XXX 3
X XIX([X 2

Figure 8-5 (Part 1 of 3). Diskette Check Conditions and Status
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Status Byte 2 Condition Set By:

Bit Description

0 Diskette over speed
1 Diskette not ready

2 Missing erase current
3 Record not found

4 Read overrun

5 FM mode

6 Write overrun

7 Write parity check

Status Byte 3

Bit Description

0 Data unsafe

1 Block processor clock off
2 Two head drive

3 Erase current off

4 Head O active

5 One surface disk

6 1/0 working off

7 Diskette working off

lActions are described in Part 3 of this figure.

Figure 8-5 (Part 2 of 3). Diskette Check Conditions and Status

Suggested
Action!

3

Diskette
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Suggested Recovery Action

Number | Description

- operation.

return to processing.

1 If this is the second try, then recalibrate and verify that the correct
diskette is in the diskette drive. If this is the third try, then exit to
a permanent error routine requiring operator intervention.

2 Issue a seek to the logical cylinder desired, then issue the data operation
again. Try three or more times. If not successful, post a permanenterror.

3 a. Try original operation or sequence of operations a maximum of
three times if a write operation. Try 10 times if a read or seek

b. If try is successful, then return to processing.
c. If try is not successful, call a permanent error log out routine, then

4 Call a not-valid-control-record routine and return to processing.

Figure 8-5 (Part 3 of 3). Diskette Check Conditions and Status

ERROR RECOVERY

The recovery ‘procedures shown in Figure 8-5 can be
used to restart the system operation. The type of action
necessary is determined by performing a sense diskette
operation, then testing to determine which diskette
status bits are on.

INITIAL PROGRAM LOAD

The source of control storage initial program load and
main storage initial program load is selected by the
CSIPL and MSIPL switches on the CE panel. Pressing
the Load key on the operator panel starts control
storage initial program load.

If the CSIPL switch is set to the Diskette position, the
control storage program is loaded from the diskette. If
the CSIPL switch is set to the Disk position, the control
storage program is loaded from the disk.

A diskette control storage initial program load sends a
4096-byte diagnostic program located on track 0O,
record 01, to control storage. This program is used by
the system, not by the programmer. After this
diagnostic program has executed, the control storage
system control- program is loaded. This program tests
the MSIPL switch setting.

If the MSIPL switch is set to the Diskette position, the
main storage initial program is loaded from the diskette.
If the MSIPL switch is set to the Disk position, the main
storage program is loaded from disk. The main storage
initial program load from the diskette is usually used for
installing a new supervisor or changing the system
configuration.



Data communications (BSC or SDLC) is a special feature
of System/34; it lets the system function as a
point-to~-point or multipoint terminal. Operation is
half-duplex, synchronous, and serial by bit, serial by
character over either switched voice-grade two-wire
lines, or nonswitched two- or four-wire lines.

Operation of the communications feature is controlled by
System/34 stored program instructions and, for BSC, by
responses to line-control characters.

DATA COMMUNICATION NETWORKS

Point-to-Point Networks

Data communications functions on either a switched or
nonswitched point-to-point network. On a nonswitched
network, data transmissions are always between the
same two stations. On a switched network, data
transmissions between any two stations on the network
are made by dialing.

Multipoint Networks

All stations on a multipoint network are permanently
connected (nonswitched) and all data transmissions are
between two stations: the control station and an
addressed tributary station. System/34 is used on a
multipoint network as a tributary station; it cannot be
used as a control station.

TRANSMISSION DATA RATES

A clock controls the rate at which data is transmitted
and received. Either a special feature (see Internal Clock,
later in this chapter), the network, or the modem
supplies the clock. However, connected stations must
use the same clocking source.

The communications feature can operate at various data
rates between 600 and 9,600 bps (bits per second). The
data rate used is determined by the modem, and
connected stations must operate at the same data rate
using compatible modems.

Chapter 9. Data Communications

SPECIAL COMMUNICATIONS FEATURES

The following special communications features are
available on System/34.

EIA/CCITT Interface

The EIA/CCITT (Electronic Industries
Association/International Telephone and Telegraph
Consultative Committee) interface feature supplies an
interface adapter and cable for attaching the
communications adapter to an external modem. The
interface cannot be installed with the IBM 1200 BPS
Integrated Modem, the IBM 2400 BPS Integrated
Modem, or the Data-Phone’ digital service adapter, all
of which are described in this chapter. The interface
might need the internal clock feature (described in the
following paragraph) if the external modem does not

“supply its own clocking.

Internal Clock

The internal clock supplies transmission rates of 600
bps and 1,200 bps, and supplies a clocking system in
the communications adapter to permit operation with
modems that do not supply clocking to the adapter. The
internal clock can be installed with the EIA/CCITT
interface and must be installed with the IBM 1200 BPS
Integrated Modem:; it cannot be installed with the IBM
2400 BPS Integrated Modem or the Data-Phone digital
service adapter.

Data-Phone Digital Service Adapter

The Data-Phone digital service adapter supplies an
interface for attaching the communications adapter to
AT&T's digital data network. The transmission rates for
this adapter are 2400, 4800, or 9600 bps.

"Trademark of the American Telephone & Telegraph Co.
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Data is transmitted serially-by-bit and
serially-by-character to the digital data network. A
clock is supplied by the digital data network for clocking
the data to and from the ada;?ter.

Note: When the Data-Phone adapter is installed, up to
1 second of interference is transmitted to the network
when the system’s power is turned on or off.

STANDARD COMMUNICATIONS ADAPTER
FEATURES

The following two features, rate select and automatic
answering, are supplied with every communications
adapter operating on a switched network.

Rate Select

Rate select permits programs to transmit at half the
normal speed if the system has a modem that can
operate at half rate.

Automatic Answering

Automatic answering (switched network only) enables
the communications adapter to respond to a telephone
request for data communications automatically without
operator action (manual answer) if the modem also has
the automatic answering feature.

MODEMS

The modem receives the data serially by bit and serially
by character from the communications line during
receive operations and sends the bits to the
communications adapter. During transmit operations the
communications adapter receives characters in parallel
from storage, then makes them available serially by bit,
serially by character to the modem. The modem, in turn,
places each bit on the communications line as soon as it
receives the bit from the communications adapter.

IBM 1200 BPS Integrated Modem

This modem permits communications at a data
transmission rate of 1200 bits per second over a
nonswitched or switched network. The device
communicating with System/34 must also have an IBM
1200 BPS Integrated Modem, or a compatible modem.

9-2

This modem comes in two types:

» The nonswitched type attaches to two- or four-wire
lines through an IBM-supplied cable directly to the
line.

« The switched with automatic answering type attaches
to a switched network through an IBM-supplied
cable to a common carrier data access arrangement
(CBS type coupler or similar coupler). The IBM 1200
BPS Integrated Modem needs the internal clock. It
cannot be installed with the EIA/CCITT interface, the
IBM 2400 BPS Integrated Modem, or the
Data-Phone digital service adapter.

IBM 2400 BPS Integrated Modem

This modem permits communications at a data
transmission rate of 2400 bits per second over a
nonswitched or switched network. The device
communicating with System/34 must also have an IBM
2400 BPS Integrated Modem or an IBM 3872 Modem.
The IBM 2400 BPS Integrated Modem cannot be
installed with the EIA/CCITT interface, the IBM 1200
BPS Integrated Modem, or the Data-Phone digital
service adapter.

This modem comes in the following types:

« The nonswitched point-to-point and nonswitched
multipoint types attach to two- or four-wire lines
through an IBM-supplied cable directly to the line.

« The switched, switched network backup, and the
switched with automatic answering types attach to a
switched network through an IBM-supplied cable to
a common carrier data access arrangement (CBS type
coupler or similar coupler).

Modem Features for the IBM 2400 BPS Integrated
Modem

Two features that can be installed with the IBM 2400
BPS Integrated Modem (nonswitched) are the switched
network backup feature and the switched network
backup with the automatic answering feature. These
features are described in the following paragraphs.



Switched Network Backup (SNBU)

This feature permits backup attachment of System/34
to the switched network if the primary modem is the
IBM 2400 BPS Integrated Modem on a nonswitched
line. Communication can be with either another IBM
2400 BPS Integrated Modem or an IBM 3872 Modem if
these modems have the switched or the switched
network backup feature. Switched network backup
cannot be installed with the switched network backup
with automatic answering feature, which is described in
the following paragraph. Attachment to the switched
network is through an IBM-supplied cable to the
common carrier data access arrangement (CDT type
coupler or similar coupler).

Switched Network Backup with Automatic Answering

This feature is the same as the switched network
backup feature, described in the preceding paragraphs,
except that it automatically answers incoming calls when
attached to a common carrier data access arrangement
(CBS type coupler or similar coupler). It cannot be
installed with the switched network backup feature.

BSC ADAPTER

This section of Chapter 9 pertains to the BSC adapter
only; for a description of the SDLC adapter, see SDLC
Adapter later in this chapter.

Transmission Codes

Data can be transmitted in either of two codes, EBCDIC
(extended binary-coded decimal interchange code) or
ASCIl (American National Standard Code for Information
Interchange). In each job that uses the BSC adapter, the
customer must specify once which code is being used in
the job. Only stations using the same code can
communicate with each other.

EBCDIC and ASCII have different codes to represent
characters. EBCDIC is the standard, 8-bit plus parity,
internal binary code of System/34. The bits are
numbered O through 7 starting at the high-order bit.
The parity bit, used for internal checking, is not
transmitted over the communications network.

ASCIl is a 7-bit plus parity code. In ASCII, the bits are
numbered 1 through 7 starting at the low-order bit
(Figure 9-1).

All characters are transmitted over the line low-order bit
first. For ASCII, the high-order bit must be a zero bit
from main storage on transmit. If the adapter does not
receive a high-order zero from main storage, it
generates and sends out a wrong-parity (P) bit. In
addition, the invalid-ASCIl-character status bit is set on,
causing a unit check condition. ‘

First Hex Second Hex
High Low
Order of Transmission 8 76 65 4 3 21
EBCDIC 0123 4 56 7
ASCII P 7675 4 3 21

Note: The complete EBCDIC character set and the ASCII
character set are shown in Appendix F.

Figure 9-1. EGCDIC and ASCII Bit Positions

BSC Adapter Features

The following features are standard with the BSC
adapter for System/34.

Transmission Code Selection. The BSC adapter can
transmit and receive both EBCDIC and ASCI| data.
{Only stations using the same transmission code can
communicate with each other.) The transmission code
used can be changed for each job.

Intermediate Block Checking. Intermediate block checking
permits intermediate text block (ITB) characters to be
received for checking the accuracy of communication
without interrupting the constant flow of information
from the transmitting station to the receiving station.

Full Transparent Text Mode. Full transparent text mode
(EBCDIC only) permits any of the 256 EBCDIC bit
combinations to be transmitted as data. Therefore, the
EBCDIC line-control characters can, if needed, be
transmitted as data.
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BSC Input/Output Block

Program operation of BSC is controlled by an
input/output block {I0B) issued by the SVC /0 request
instruction. The I0B, as shown in Figure 9-2, contains
all information needed to carry out a requested
operation. The SVC 1/0 request queues the operation
to the adapter. (For BSC, only one operation may be
queued at a time.) When the operation ends, the |OB
contains the status of the operation. The I0B must be
posted complete before the next SVC /0 request for
BSC is issued.

Posting I0Bs Complete

10Bs are posted complete at the end of the following
BSC operations:

« Receive only (Q code = hex 81)

« Receive initial delayed (Q code = hex 82)

« Receive initial (Q code = hex 83)

. Transmit/receive overlay (Q code = hex 84)

« Transmit/receive initial {Q code = hex 85)

« Transmit/receive (Q code = hex 86)

« 2-second time-out. (The BSC adapter need not be
enabled to complete the 2-second time-out
operation.)

« Enable or disable.

On a receive operation, an I0OB is posted complete when

a changeof-direction character is decoded, when the

reczive buffer is filled, or when a receive time-out

occurs. On a 2-second time-out operation, an IOB is

posted complete at the end of the 2-second time-out,
or when an 1/0 request instruction is issued.
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Displacement IBM
of Leftmost Program Length
Byte in Hex Label in Bytes Description
0 IOBECM 1 Event control mask

Hex Meaning

80 Do not skip indicator.

40  Data buffer address is real.

1 IOBHCMP 1 Completion code

Hex Meaning

80 Active: Seton by control storage when processing the I0B and set
off by control storage when processing is complete. If this bit is on,
processing of the 0B is not permitted.

40 Complete: Set on by control storage when the |OB is complete;
set off by main storage. If this bit is on, processing of the 0B is
not permitted.

02 Forced 2-second time-out.

01  Error detected: Set on if any bit in status byte O is on.

2 IOBPARM 1 Parameter byte
3 10BQ Command (Q) code

Bits 0 1 2 3 = Attachment address

Bits 4 5 6 7 = Command type

0000 Control.

0001 Receive only.

0010 Receive initial delayed.

0011 Receive initial.

0100 Transmit/receive overlay: Same as the transmit/
receive command, but the received data overlays the
transmit buffer.

0101 Transmit/receive initial: The receive part of the
buffer must follow, and be contiguous to, the transmit
part of the buffer.

0110 Transmit/receive: The receive part of the buffer must
follow, and be contiguous to, the transmit part of the
buffer.

This command is the same as the transmit/receive
initial command, but this command does not start
until the microcode recognizes the EOT character.

01 11 Reserved.

Note: The BSC control storage program does not check the validity of
the command code. The program decodes the command from only the
low-order 3 bits and proceeds with the operation. Where the low-order
3 bits are defined to be reserved, the operation defaults to a receive
initial operation.

Figure 9-2 (Part 1 of 3). BSC 10B
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Displacement
of Leftmost
Byte in Hex

IBM
Program
Label

Length
in Bytes

Description

4

E

10

12

I0BR

IOBADR
IOBSTAR

IOBRLN

I0BSNS1

IOBSNS2

IOBCAR

IOBRES
I0BTCB

IOBQHDR

1

Command modifier

When the command (Q) code is hex 0:
CO = Enable BSC

80 = Disable BSC

04 = Start 2-second timer

01 = Microcode looks for poll or

address without preceding EOT

When command (Q) code is not hex 0, the command modifier bits are
reserved.

Station address {multipoint tributary)
Data buffer address: Points to the start of the data buffer.

Data buffer length (receive): Defines the number of bytes in the receive

_ portion of the data buffer.

Status byte 1
Hex Meaning

80 Receive time-out

40 Block check

20  Transmit adapter check
10  Receive adapter check
08 Invalid ASCII character
04  Abortive disconnect

02 Not data set ready

01  Reserved

Status byte 2 (reserved)

Buffer address: Indicates the last position of the buffer (plus 1 position)
that was used at the completion of a receive, receive initial, transmit/
receive, transmit/receive initial, or a transmit initial delayed command.
Reserved

Task control block address

Queue identification

Figure 9-2 (Part 2 of 3). BSC IOB
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Displacement IBM
of Leftmost Program Length
Byte in Hex Label in Bytes Description
13 IOBLDEF 1 Line definition byte
Hex Meaning
80  Half rate is selected.
40 Internal clock is needed.
20 IBM modem is installed.
10 Answer tone must be supplied by data terminal equipment.
08 Standby line is selected.
04  Multipoint line is selected.
02 Switched data terminal ready line is selected.
01 Nonswitched line is selected.
14 ' I0BTLN 2 Data buffer length (transmit): Defines the number of bytes in the
transmit portion of the data buffer.
16 10BDUM2 2 Reserved

Figure 9-2 (Part 3 of 3). BSC 10B

BSC Adapter Controls

A station controls its BSC adapter with control, pad, and
synchronization characters. These characters are
described in the following paragraphs, and they include:

« Starting codes, to enter specific modes and to start
accumulation of BCCs (block check characters; see
Data Checking and BSC Status Bytes, later in this
chapter)

« Modifiers, synchronization characters, and data link
escape functions (ITB, SYN, DLE)

» Ending codes, to terminate blocks and activate
checking functions

Control Characters

The BSC control characters are described in the
following paragraphs and are shown in Figure 9-3.

o SOH (start of header) or STX (start of text) precede
a block of text characters. Both reset control mode
and set the adapter to data mode. The first SOH or
STX after line turnaround resets the BCC buffer, and
BCC accumulation starts with the following character.

« ETB (end of text block) or ETX (end of text) terminate
a block of characters started with SOH or STX. Both
ETB and ETX reset data mode in the adapter and are
the last character included in the BCC accumulation.
At the primary station, the adapter transmits the BCC
and the pad character. At the secondary station, the
adapter compares its BCC accumulation with the
BCC(s) received following the ETB or ETX.

« EOT (end of transmission) indicates the end of a
transmission, which may contain more than one
message, and resets all stations on the line to control
mode. EOT is also transmitted as a negative
response to a polling sequence. EOT cannot be
immediately preceded by any character other than
SYN. To be recognized as a control character, EOT
must be followed by four consecutive binary 1's.
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ENQ (enquiry) resets data mode in the adapter.

NAK (negative acknowledgment) indicates that the
preceding transmission block was in error and the
receiving station is ready for another transmission of
the same block. NAK is also the not ready response
to multipoint station selection sequences and
point-to-point initialization sequences. NAK must be
followed by four consecutive binary 1's to be
recognized as a control character.

SYN (synchronous idle) is generated and transmitted
automatically by the adapter to establish and maintain
synchronization. A SYN from main storage at the
transmitting station is transmitted, but does not enter
main storage at the receiving station or BCC
accumulation at either station.

SYN SYN is the synchronization pattern in

" nontransparent mode. Two consecutive SYN
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characters are always transmitted immediately after
an ITB or a BCC sequence.

DLE (data link escape) informs the adapter to test the
following character for.a control sequence. In
nontransparent text mode, DLE is data.

ITB (intermediate text block) is included in the BCC
and causes the BCC(s) to be sent or compared. Both
adapters continue in data mode with the new BCC
accumulation starting with the first non-SYN
character.

ACK 0 (even acknowledgment) and ACK 1 (odd
acknowledgment) are positive acknowledgments by
the receiving station that the preceding
even-numbered (ACK 0) or odd-numbered (ACK 1)
transmission block was received. In data mode, ACK
indicates that the last block check character received
matched the block check character generated by the
adapter. In control mode, ACK indicates that the
adapter is ready to receive. ACK always needs a
response from the station that receives it. ACK
causes the receiving adapter to end the receive
operation and post the IOB complete.

WACK (wait before transmit— positive
acknowledgment) signals that the last data block was
received correctly but the receiving station cannot
continue receiving. During line initialization, a
received WACK indicates that the remote station
cannot receive any data immediately but can receive
data in a short time. WACK causes the receiving
adapter to end the receive operation and post the
I0B complete.

DISC (mandatory disconnect) is transmitted (in
switched point-to-point networks only) to signal the
remote station that the transmitting station is going
to disconnect from the line. DISC causes the
receiving adapter to end the receive operation and
post the IOB complete.

RVI (reverse interrupt) is transmitted by a secondary
station to request that the primary (control) station
end its transmission and permit the secondary station
to transmit. RVI is transmitted in place of ACK.
Sequential RVIs can be transmitted only in response
to ENQ. RVI causes the receiving adapter to end the
receive operation and post the IOB complete.

In addition, on a multipoint network, RV is transmitted
by the tributary station as an acknowledgment to a
select sequence, and as an indication that the tributary
station wants to transmit.

TTD (temporary text delay) is transmitted by a
primary station to inform the secondary station that
(1) there will be a delay of more than two seconds in
transmitting the next data block, or (2) the primary
station wants to cancel the transmission. The
secondary station responds to TTD by transmitting
NAK. TTD causes the receiving adapter to end the
receive operation and post the I0B complete.

XSTX (transparent start of text) resets control mode
and sets the adapter to data mode and transparent
mode. Unless preceded by SOH—, XSTX resets the
BCC register and BCC accumulation starts with the
following character. In transparent mode, the first
DLE in each two-character DLE sequence does not
enter BCC or main storage; the second character
does, if it is not SYN. Also, the transmitting adapter
inserts a DLE for each DLE received from main
storage.

XITB ( transparent intermediate block) causes the
same adapter action as ITB and, in addition, resets
transparent mode.

XETX or XETB (transparent end of text or transparent
end of text block) causes the same adapter action as
ETX or ETB and, in addition, resets transparent
mode.

XSYN (transparent synchronous idle) is the
synchronization pattern for transparent mode. It does
not enter BCC or main storage.

XENQ (transparent block cancel) resets data mode
and transparent mode in the adapter.



o XTTD (transparent TTD) performs the function of TTD

in transparent mode.

« XDLE (transparent DLE) is interpreted in transparent

. mode as a valid data byte (hexadecimal 10).

Pad Characters for BSC

The BSC adapter generates and sends one pad
character for each change-of-direction character
transmitted. If the change-of-direction sequence calls
for a block check character, the pad character follows
the block check character; if not, the pad character
follows the change-of-direction character in the
message being transmitted. This pad character is

hexadecimal FF.

The BSC adapter also generates and sends a pad
character as the second character of the NAK and EOT

control character sequences.

When transmission starts, the BSC adapter
automatically generates and inserts a pad character (in
this case, a hexadecimal 55) in front of the first
synchronization sequence. No leading or trailing pad
character (except a pad character immediately following
either EOT or NAK) is stored during receive operations.

Name Mnemonic EBCDIC ASCII
Start of header SOH SOH SOH
Start of text STX STX STX
End of text block' ETB ETB ETB
End of text! ETX ETX ETX
End of transmission’ EOT EOT EOT
Enquiry! ENQ ENQ ENQ
Negative acknowledgment NAK NAK NAK
Synchronous idle SYN SYN SYN
Data link escape DLE DLE DLE
Intermediate block ITB 1US us
Even acknowledgment® ACK O DLE (70) DLEO
Odd acknowledgment! ACK 1 DLE/ DLE 1
Wait before transmit—pos. ack.! WACK DLE, DLE;
Mandatory disconnect’ DISC DLE EOT DLE EOT
Reverse interrupt’ RVI DLE®@ DLE <
Temporary text delay! TTD STX ENQ STX ENQ
Transparent start of text XSTX DLE STX

Transparent intermediate block XITB DLE 1US

Transparent end of text! XETX DLE ETX

Transparent end of trans. block! XETB DLE ETB

Transparent synchronous idle XSYN DLE SYN

Transparent block cancel? XENQ DLE ENQ

Transparent TTD! XTTD DLE STX DLE ENQ

Transparent DLE XDLE DLE DLE

1Change-of~dire<:tion character

Figure 9-3. Control Characters for BSC

Data Communications 9-9



BSC Character Synchronization (SYN SYN)

A BSC adapter without the internal clock receives timing
pulses from the modem which, between itself and the
transmitting adapter, establishes and maintains bit
synchronization. The adapter that is starting to transmit,
automatically sends two SYNs for establishing character
synchronization at the receiving adapter. The receiving
adapter establishes character synchronization by
decoding the two consecutive SYNs. To maintain
character synchronization, the transmitting adapter
inserts a synchronization pattern, SYN SYN, for each
transmit time~out. The synchronization pattern does not
enter BCC or main storage. In transparent mode, the
transparent synchronous idle (DLE SYN) is used.

An adapter with the internal clock establishes and
maintains character synchronization on its own. For
compatibility with this feature, the BSC adapter
automatically sends two additional hexadecimal 55s
preceding the character synchronization pattern.

Framing the BSC Message

The program at the transmitting station must frame the
data to be sent with the correct line-control characters.
These characters are stored at the receiving station, so
the program at the receiving station must permit space
for them in storage. When transmitting, the BSC
adapter automatically generates and transmits SYN, pad,
and CRC characters {LRC/VRC for ASCII) as needed for
establishing and maintaining synchronization with the
remote station and for error checking. When receiving,
the BSC adapter removes all SYN and CRC characters
(LRC/VRC for ASCII) and some pad characters from the
data being sent to storage. The pad character following
an NAK or EOT is not removed by the adapter.

Response characters (ACK 0, ACK 1, WACK, and NAK)
are inserted by the program at the transmitting BSC
adapter and not by the transmitting BSC adapter itself,
and they are not deleted by the receiving BSC adapter.
The program at the receiving BSC adapter must store
these characters in a known location so that this
program can test them to determine what action to take
next.

BSC OPERATIONS

All BSC operations on the communications line are
controlled through a combination of instructions in the
system processing unit and the automatic controls
started by the line-control characters.
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Enable/Disable BSC

Enable BSC adapter sets on the ‘data terminal ready’
line to the modem; disable BSC adapter sets off the
‘data terminal ready’ line and resets the BSC adapter.
The "power on reset’, ‘system reset’, or 'IPL’ line also
sets off the "data terminal ready’ line and resets the
BSC adapter.

Since the ‘data terminal ready’ line controls switching of
the modem to the data link, enable BSC adapter is a
prerequisite to making a switched network connection.
Disable BSC adapter is used to disconnect from a
switched network.

Initialization Sequences

Initialization sequences, transmitted by the transmit and
receive instructions, are described in General
Information—Binary Synchronous Communications,
GA27-3004. The data link (point-to-point nonswitched,
point-to-point switched, or multipoint) determines the
type of receive initial operation; these operations are
described in the following paragraphs.

Receive Initial Operation (Point-to-Point Nonswitched)

On a nonswitched network, receive initial causes the
BSC adapter to search for character synchronization.
When character synchronization is made, receive
time-out becomes active and the received data (starting
with the first non-SYN character) is stored in the main
storage area specified by the data buffer address. The
operation ends and an |OB is posted complete when a
change-of-direction character is received, the receive
buffer length is zero, or a receive time-out occurs.

Receive Initial Operation (Point-to-Point Switched)

On a switched network, a receive initial operation
conditions the BSC adapter. When the ‘data set ready’
line goes active, receive time-out becomes effective and
the BSC adapter attempts to establish synchronization.

When character synchronization is made, the received
data (starting with the first non-SYN character) is stored
in the main storage area specified by the data buffer
address. The receive buffer length is decreased each
time a character is received. The operation ends and an
IOB is posted complete when a change-of-direction
character is received, the receive buffer length is zero, or
a receive time-out occurs. In the case of a receive
time-out, the recovery procedure is to issue the receive
only.

(



Receive Initial Operation (Multipoint)

Receive initial is used to receive polling and selection
sequences on a multipoint network. The receive buffer
length should be loaded with one less than the
maximum number of characters in the polling/selection
sequence. A 2-character station address is used. For
this operation, the address character must be loaded in
the station address field of the I0B. The EBCDIC 2-bit
or the ASCII 6-bit of the first station address character
_ received is ignored; however, both characters of the
address must be the same.

For example, assuming EBCDIC, if the station address
field is loaded with either B or S, the adapter recognizes
either BB or SS as the station address.

The basic mode of BSC is monitor mode for this
operation. In this mode, the BSC adapter searches for
character synchronization. When character
synchronization is completed, it monitors the line. All
line-control characters are decoded and the respective
functions are executed, but data is not stored. When a
valid EOT sequence is received, control mode is set.

In control mode, the BSC adapter monitors for its
station address. If it is not found, the BSC adapter
continues monitoring the line. A decoded SOH or STX
drops control mode and puts the BSC adapter back into
monitor mode. If the station address is decoded as the
first non-SYN characters after establishing character
synchronization in control mode, the BSC adapter
immediately enters addressed mode and puts the
sequence, starting with the second station address
character, into the main storage area specified by the
data buffer address. The operation ends and the I10B is
posted complete when a change-of-direction character
is received, the receive buffer length is zero, or a receive
time-out occurs.

Receive Initial Delayed Operation (Multipoint)

The receive initial delayed operation is the same as a
receive initial operation except for the following:

« When the receive initial delayed command is issued
and decoded, and the parameters for the command
are put into control storage, the command is not
executed until an end of transmission (EOT) character
is received.

« When the EOT character is received, the parameters
for the receive initial delayed command are taken
from control storage, and the command is executed
as a receive initial command. However, the receive
initial operation starts in control mode where an EOT
character does not have to be received.

The reason for the receive initial delayed operation is the
same as for the receive initial operation; it is the quick
response time needed between when the EOT character
is received to when the next polling/selection sequence
starts. For more information on the receive initial
delayed operation, see Receive Initial Operation
(Multipoint).

Transmit and Receive Operation

If a response results from the transmit operation, the
combined transmit and receive operation must be used.

The transmit and receive operation is used for any type
of transmission; that is, for control sequences or text
data. It sets the BSC adapter to transmit mode, then
takes characters from main storage and transmits them
on the line. BCC accumulation, data mode, and
transparent mode are set if the correct line-control
characters are taken from storage. The transmit buffer
length is decreased each time a character is transmitted
and transmission continues until the transmit buffer
length is zero. When the transmit buffer length is zero,
the adapter is turned around to receive mode under the
same operation.

In receive mode, the BSC adapter searches for character
synchronization, then stores the characters received into
main storage. As in transmit, the control characters

received determine the function of the receive operation.

The operation ends and the OB is posted complete
when a change-of-direction sequence is received, the
receive buffer length is zero, or a receive time-out
occurs. At this time the completion code and status
bytes in the IOB can be analyzed.

The reason for this combined transmit and receive
instruction is the quick response time needed between
the two operations. The effect of the data buffer
address, the transmit buffer length, and the receive
buffer length on the control sequences or text data is
shown in Figure 9-4.
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The transmit and receive buffers must be allocated so that the receive
buffer area follows the transmit buffer area, and is next to the transmit
buffer area. The maximum size of the combined transmit and receive

buffers is 4K bytes.

Figure 9-4. Main Storage Data Buffer at Start of Transmit
and Receive Operation

The transmit and receive operation is used by both the
primary and secondary station; that is, to send data and
receive the response, .and to send the response and
receive data.

At the start of the transmit and receive operation, the
adapter sends hexadecimal 55 (two additional
hexadecimal 55s if the Internal Clock feature is
installed), and two SYN characters. During transmit, the
BSC adapter inserts the synchronization pattern, SYN
SYN, for each transmit time-out. SYN is not part of the
BCC and does not enter main storage. BCC compare
takes place when an ITB, ETB, or ETX is received.

If the adapter enters data mode by receiving an STX or
SOH, then only ETB, ETX, and ENQ are valid
change-of-direction sequences. Outside of data mode,
all turnaround sequences are valid change-of-direction
sequences and will terminate the operation. The 10B is
posted complete before the receive buffer length is
equal to zero if a change-of-direction sequence is
received.

Transmit and Receive Initial Operation (Multipoint)

The transmit and receive initial operation is the same as
a transmit and receive operation except for the
following:

« After the transmit buffer reaches 0O, it is necessary to
transmit an end of transmission (EOT) character.

+ Bit 7 of the command modifier must be set on to
enter receive initial mode. When bit 7 is on, the
microcode looks for a polling sequence or an address
without a preceding EOT character. In other words,
the EOT character does not have to precede the
polling/selection sequence from the primary station.
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The reason for the transmit and receive initial operation
is the same as for the transmit and receive operation; it
is the quick response time needed between the two
operations. For more information on the transmit and
receive initial operation, see Transmit and Receive
Operation.

ITB Operation

The IUS (intermediate unit separator) character is
interpreted as the ITB control character to activate the
ITB function. The primary station sends the BCC after
the ITB and the secondary station receives and
compares it; both stations then transmit more data with
no line turnaround.

For nontransparent data, the primary station can
transmit all ITB blocks in a single transmit and receive
instruction.

When the secondary station receives an ITB character,
the adapter remains in receive mode and receives the
next ITB block. This continues until a
change-of-direction character is recognized. When the
ending sequence (ETB, ETX, or ENQ) is received, it is
stored and the OB is posted complete. At this time, the
program checks the completion code and status bytes to
determine the correct response.



Transparent Operation

In transmitting and receiving data, transparent mode is
set by the DLE STX sequence. In transparent mode, the
transmitting adapter automatically inserts a second DLE
preceding each DLE from storage {(except DLE STX),
which is deleted by the receiving BSC adapter. The
additional DLE does not enter BCC accumulation.

Either ETB, ETX, or ENQ ({all change-of-direction
characters) ends transparent mode at the primary station
if it is at a location one less than the start of the receive
buffer length. Therefore, the primary station inserts a
DLE so that the single DLE followed by ETB, ETX, or
ENQ informs the secondary station to leave transparent
mode. This DLE is deleted by the secondary station and
is not included in the BCC at either station.

Disconnect Operation

The program performs a disconnect operation on a
switched network by giving a disable BSC adapter
which drops the ‘data terminal ready’ line to the
modem. The transmitting station sends a DLE EOT
sequence with a transmit operation to inform the
receiving station that it is going on-hook. A received
DLE EOT sequence at the secondary station causes a
disconnect operation.

Receive Operation

The receive operation is used when it is necessary to
perform a receive operation after the end of the
preceding instruction, such as when a receive time-out
has occurred. The operation is the same as the receive
part of the transmit and receive operation.

This instruction must be used after a receive time-out
during a receive initial operation on a switched network
or after a receive time-out during a transmit and
receive.

2-Second Time-out

This control code function supplies a 2-second delay
before transmitting a TTD or WACK. The start
2~second time-out must be given only with the control
instruction. When the time-out is completed, the I0B is
posted complete. The BSC adapter does not need to be
enabled to perform the 2-second time-out operation.

The 2-second time-out is forced to end if a transmit
command is issued while the 2-second time-out is
executing.

DATA CHECKING AND BSC STATUS BYTES

As the remote station transmits messages, it generates
block check characters from the data bits transmitted.
As these bits are received at the local communications
adapter, the adapter generates a similar block check
character from the data bits it receives. Each time the
remote station transmits an 1TB, ETB, or ETX character,
it also transmits its block check characters. The local
BSC adapter compares these block check characters
that it receives from the line with the block check
characters that it generated. If the block check
characters generated by the local communications
adapter do not match the block check characters
received from the line, the block check status bit is set
(bit 1 of Figure 9-5). While servicing a completed 10B,
the program must sample the status bits and determine
if a block check has occurred.

If the IOB completion is the result of an ETB or ETX
character, the result of the block check compare
determines which response character should be sent.
The positive acknowledgment characters alternate; ACK
0 is transmitted in response to even-numbered blocks
and ACK 1 is transmitted in response to odd-numbered
blocks. The program must transmit the correct positive
acknowledgment. The first block of text transmitted is
always an odd-numbered block. If the wrong
acknowledgment character is returned, the primary
station assumes that a block of data was lost and an
error recovery procedure is started.

When block checking is started by ITB, the result of the
block check compare is not transmitted immediately.
Instead, if the block check compare is equal, the BSC
adapter continues to receive and store characters. If the
block check compare is not equal, the data check status
bit is set on to indicate that a block check compare
error occurred. When the next ETB or ETX character is
received, it is stored and the 10B is posted complete.
The status bits are tested to determine if all data was
received correctly. An ENQ character also terminates
the receive operation.
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Bit

Desription When Bit Is Set

Time-out status: A receive time-out (3.25 seconds) occurred during a receive operation.

Block check during a receive operation.

® A CRC compare check occurred (EBCDIC).
® An LRC/VRC compare check occurred (ASCII).

Note: Characters having VRC checks are distinguished by a high-order bit in main storage. These
characters are never recognized as control characters by the BSC adapter.

Transmit adapter check: The BSC adapter did not move a character from main storage to the adapter
before the next character had to be moved to accommodate the line. An overrun does not terminate
the operation.

Receive adapter check: The BSC adapter did not move a character from the adapter to main storage
before the riext character had to be moved to accommodate the line. An overrun does not terminate
the operation.

Invalid ASCII: BSC adapter found leftmost bit in an ASCII byte on during transmit operation.
Abortive disconnect: Indicates that the BSC adapter on a switched network was enabled, then the
modem became ready, then not ready. This indicates the connection has been released and causes

data terminal ready to turn off.

The program must allow enough time for a forced disconnect to occur. The program can use the
2-second time-out to ensure this.

Not data set ready: Indicates that the modem is not ready to operate and that the BSC adapter is
not enabled.

Not used.

Figure 9-5. BSC Adapter Status Byte

SUGGESTED ERROR RECOVERY PROCEDURES

If the error bit (bit 7) is on in the IOB completion code
at the end of a transmit or a receive operation, the
program should test the 0B status byte. Test the
status bits and perform the procedures for recovering
from the error in the order given in Figufe 9-6. The
program must check for lost data and analyze the last
two characters received to find a response error.

If the data end address (IOB bytes 2 and 3) is more
than the data buffer address and the receive data buffer
length, a lost-data error is indicated.




Status Byte O

Priority Bit Error Condition Error Recovery Procedure (recommended program action)
1 6 Not data set ready All cases—Action 1
2 4 Invalid ASCII character All cases—Action 1
3 5 Abortive disconnect All cases—Action 1

Control mode—Action 5
4 2and 3 Adapter checks Secondary—Action 4
(transmit and receive) Primary—Action 3

Receive initial (switched)—Action 8
Control mode—Action 5

ive time-out
5 0 Receive time-ou Secondary—Action 4
Primary—Action 3
6 1 CRC/LRC/VRC Control mode—Action 5
Secondary—Action 2
6 Program Lost data Primary—Action 3
detected error!
7 Program Abnormal response Secondary: Absence of initial STX or terminal ETB/ETX—
detected error! Action 4

Primary: Improper ACK immediately preceded by
time-out—Action 6

Primary: Any response other than proper ACK or EOT—
Action 7

lThe program should provide lost-data detection.

Action Table

1. Permanent error occurred—operator must restart.

2. NAK was transmitted and received—retransmit data.

3. ENQ was transmitted and received—retransmit last response N times.

4. lIssue receive portion of previous operation N times.

5. Retry last operation M times.

6. Transmit and receive last text. This is an intermediate action within a recovery procedure; it is taken by the
primary each time it transmits text, times out on receive, transmits ENQ, and receives the improper ACK. A system
hangup will not occur, because of the limitation on Action 3.

7. Transmit and receive ENQ once. If response is NAK, do Action 6 N times. If invalid response reoccurs, do action 1.

8. Issue receive operation up to 6 times, then take Action 1.

The value of M should be equal to or greater than N.
The value of N should be a minimum of 7.
When M or N is reached, the error is a permanent error. On permanent errors, the'program should cancel the job and

tell the operator the nature of the error condition by means of an errof message. Operator intervention is then
required and the procedure is either to completely restart the job or to continue with the next job.

Note: A processor check stop causes an immediate cancel.

Figure 9-6. BSC Adapter Error Conditions and Recovery Procedures
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BSC ERROR RECORDING

Parts of three sectors are reserved on the disk for
recording BSC errors in either the BSC error history
table or the BSC error counter table (also contains
counts of 1/0 activity). The error history table (Figure
9-7) contains a 14-byte entry for each of the last 25
temporary or permanent BSC errors.

The error counter table (Figure 9-8) is a 92-byte entry
containing the latest job totals and the cumulative totals
for 14 different items. All counts in the error counter
table are put into the table by SSP routines at
end-of-job time.

Displacement
of Leftmost Length
Byte in Hex in Bytes Description
0 1 Command code
1 1 Command modifier.
2 1 Sense information byte O
3 1 Error retry count
4 1 Binary synchronous communication completion code
5 2 Terminal address
7 3 Date (yymmdd) on which the error occurred
A 4 Time of day (measured in timer units)

Figure 9-7. BSC Error History Table
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Displacement
of Leftmost Length
Byte in Hex in Bytes Description
0 2 Number of job text blocks transmitted
2 4 Number of cumulative text blocks transmitted
6 2 Number of job text blocks received
8 4 Number of cumulative text blocks received
Cc 3 Date (yymmdd) on which the 1/O counters in this table
were reset through ERAP
F 1 Reserved
10 2 Number of job negative acknowledgements received
12 4 Number of cumulative negative acknowledgements received
16 2 Number of job data checks
18 4 Nl;mber of cumulative data checks
1C 2 Number of job forward aborts received
1E 4 Number of cumulative forward aborts received
22 2 Number of job aborts received
24 4 Number of cumulative aborts received
28 2 Number of job adapter checks during transmission
2A 4 Number of cumulative adapter checks during transmission
2E 2 Number of job adapter checks while receiving
30 4 Number of cumulative adapter checks while receiving
34 2 Number of job invalid responses received
36 4 Number of cumulative invalid responses received
3A 2 Number of job inquiries received as affirmative acknowledgements
3C ‘4 Number of cumulative inquiries received as affirmative
acknowledgements

Figure 9-8 (Part 1 of 2). BSC Error Counter Table

Data Communications
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Displacement
of Leftmost Length
Byte in Hex in Bytes Description
40 2 Number of job lost data errors
42 4 Number of cumulative lost data errors
46 2 Number of job disconnect time-outs
48 4 Number of cumulative disconnect time-outs
4C 2 Number of job receive time-outs
4E 4 Number of cumulative receive time-outs
b2 2 Number of job transmission time-outs
54 4 Number of cumulative transmission time-outs
58 3 Date (yymmdd) on which the error counters in this
table were reset through ERAP
5B 1 Reserved

Figure 9-8 (Part 2 of 2). BSC Error Counter Table
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SDLC ADAPTER - The starting flag, in addition to starting the frame, starts
the transmission error checking. The ending flag ends

Data that is transmitted or received by the SDLC the frame and the checking of transmission errors.
{synchronous data link control) adapter is read from or When more than one frame is transmitted, the ending
written into main storage without any code translation. flag of one frame may also be the starting flag of the
No code (such as EBCDIC or ASCII) is used; SDLC is next frame.
bit oriented.

For a frame to be valid, the number of bits in a frame
In addition, no control characters (such as ACK, NAK, between a starting and ending flag must be equal to or
and WACK used for BSC) are used to control the data more than 32 bits. These 32 bits include the address
link. The data link is controlled by the control field, field (8 bits), the control field (8 bits), and the frame
which is part of the SDLC frame. check field (16 bits). The information field is not always

permitted (see Figure 9-11), or it may be missing.

SDLC Frame

Continuous Flags: Continuous flags are automatically
The SDLC frame transmits every command, every transmitted after a transmit-only operation has been
response, and all information over a data link using completed or after a valid addressed frame is received
SDLC procedures. Each frame has a fixed format with the poll bit on.

containing a starting flag (F), a station address field (A),
a control field (C), an information field (1), which is

optional, a frame check field (FC), and an ending flag Station Address (F, A, —, —, —, F)

(F). Therefore, those frames that contain an information

field have a format of F, A, C, I, FC, F. The address field is an 8-bit field that follows the
starting flag in the frame format. This field always

Figure 9-9 and the following paragraphs describe each identifies System/34; the primary station is never

field in the SDLC frame. identified in the address field.

System /34, in addition to recognizing its own address,

. Flag (F, -, -, —, —, F) can recognize the broadcast address (all 1's). The
address field must be recognized before a frame can be
There are two flags, starting and ending, for every SDLC received. The station address is specified in the line
frame. Both flags have a binary configuration of definition byte of the I0B.
01111110.
Frame
Starting Ending
F A c . 1 FC F
01111110 l l | 01111110
I I S O S T T I T N A O T O S NN NN
, ! | I |
| Flag : Address | Control | | Frame Check | Flag
| | (secondary I [ Variable | [
station) | l Length | I
| | I Information | |
le—8 bits — Field r 16 bits —
| - l I {may be | I
| ' J absent) | |
r~ 16 bits f,l | |

Figure 9-9. SDLC Transmission Frame

Data Communications 9-19




Control Field (F, A, C, —, —, F)

The control field is an 8-bit field that follows the station
address field in the frame format. Both System/34 and
the primary station use the control field to transfer
information. System/34 also uses the control field for
supervisory and nonsequenced responses; the primary
station uses it for supervisory and nonsequenced
commands.

The control field {see Figure 9-10) contains:

« Information for encoding the commands (from the
primary station) and the responses (from System/34)
needed to control the data link. (See SDLC
Commands and Responses later in this chapter for a
description of the commands and responses used by
System/34.)

» A format identifier (bit 7 or bits 6 and 7) indicating if
the frame is of the information transfer, supervisory,
or nonsequenced format.

« A P/F (poll/final) bit. A poll bit is sent by the
primary station to permit the transmission of data
from System/34. System/34 sends a final bit in
response to the poll bit when it has completed
transmitting data. The P/F bit is always bit 3 of the
control field.

« Either the sequence number of the frames that have
been sent (Ns) or the sequence number of the next
expected frame (Nr), or both.

Counting Sequenced Frames: When a station sends a
sequenced frame (a frame with an information transfer
format), the frame is counted in bits 4-6 of the control
field. Similarly, when an error-free sequenced frame is
received, the frame is counted in bits 0-2 of the control
field. {(Note that frames with a supervisory format
contain the count of the frames received. This count is
kept to ensure that frames are in sequence.)

The Nr count is always the count of the next expected
frame; the next incoming Ns count is equal to the Nr
count. If the incoming Ns count compares with the Nr
count, the frame is in sequence and the Nr count
advances. If the counts do not compare, the frame is
out of sequence and the Nr count does not advance.

Up to seven frames may be sent before the receiving
station must report its Nr count to the transmitting
station. All transmitted frames must be kept by the
transmitting station because a sequencing or line error
may make it necessary to send them again.

Information Field (F, A, C, I, —, F)

This field, which follows the control field in the frame
format, is not always included in the frame. Normally, a
frame with an information transfer format contains an
information field.

The information field can have any format or content;
that is, it can include any bit sequence. However, the
length of the field must be an integer number of 8-bit
bytes not to exceed the buffering limits of the stations.

I I ! ! 1

lr0 1 2 = 3 | 5 | 6 I 7|

Information Transfer Format ' Nr! | P/F | Ns* ‘ ol
| |1

Supervisory Format ! Nr i P/F | 3 | 0 l 1 [
Nonsequenced Format } 4 Il P/F 1 3 l 1 ! 1 ‘

Poll/Final Bit

! Nr is the sequence number of the next expected frame.

2 Ns is the sequence number of the last frame that was sent.
“Codes for supervisory commands/responses.

4Codes for nonsequenced commands/responses.

Figure 9-10. SDLC Control Field Format
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Frame Check Field (F, A, C, I, FC, F)

The frame check field, which precedes the ending flag
of the frame, contains 16 bits for the purpose of
checking transmission accuracy. It supplies a cyclic
redundancy check (CRC) to all bits in the frame except
for the flags.

SDLC Commands and Responses

The commands and responses are specified in the bit
configuration of the control field. When System/34
receives one of these bit configurations from the primary
station, it is a command; when System/34 transmits to
the primary station, it is a response.

The SDLC commands and responses are given in Figure
9-11; they are described with each of the three control
field formats in the following paragraphs.

Information Transfer Format

This format is identified with a 0 in bit 7 of the control
field. Frames with this format are used to transfer
information over a data link.

Only those frames containing this format are sequenced;
therefore, the control field must contain both the Nr and
the Ns count fields (see Figure 9-10). These two count
fields ensure that sequenced frames are not lost or
duplicated. When a sequenced frame is transmitted, the
transmitting station increases its Ns count by 1. The
station receiving a valid, sequenced frame increases its
Nr count by 1. For more information on the Nr and Ns
counts, see Counting Sequenced Frames earlier in this
chapter.

Format Control Field Bit 1-Field
(See Configuration Not
Note.) 01 2i 3Ji 456 7 Acronym | Command | Response | Permitted | Command/Response Description
I ]
| Nr EP/F{ Ns 0] | X X Sequenced information frame
1
1 1
S Nr {P/F' 00 0 1 RR X X X Ready to receive
Nr !P/F} 0101 | RNR X X X Not ready to receive
1
I 1
01 0: P : 0011 DISC X X System/34 cannot receive or
| | transmit information frames.
011, F!loo11 | NsSA X X System/34 acknowledges
P | DISC or SNRM.
100) P 10011 SNRM X X System/34 can transmit
! ! on command.
NS 11 1{P/Fl0 01 1 [ TEST X X Tests the transmission of data.
10 0: F } o111 CMDR X A nonvalid command was received
! ! by System/34; must receive a
P! DISC or SNRM.
10 1:P/F= 1111 XID X X Exchange station identification.
00 oi Fl1 111 | DM X X ‘System/34 is offline.
Note: 1= Information, S = Supervisory, and NS = Nonsequenced

Figure 9-11. SDLC Commands and Responses
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Supervisory Format The commands and responses in the nonsequenced

format for System/34 are:

Bits 6 and 7 of the control field identify this format;
they contain a O and a 1, respectively. The format is
used to acknowledge information frames or to report a
busy condition.

Bits 4 and 5 of the control field are used to encode the
commands and the responses. The supervisory
commands and responses are:

* RR (receive ready): Used as a command or a
response. The transmitting station acknowledges the
sequenced frames through the Nr count minus 1.
This command/response also indicates that the
transmitting station is ready to receive.

« RNR {receive not ready): Used as a command or a
response. The transmitting station sends RNR to
indicate a temporarily busy condition in which no
frames that need buffer space can be received.
Sequenced frames through Nr minus 1 are
acknowledged.

Nonsequenced Format

This format is identified with 1’s in bits 6 and 7 of the
control field. It is used to perform data link control
functions. Communications using the nonsequenced
format are not sequence-checked; they do not use the
Nr and Ns count field.

Excluding bit 3 (P/F) and bits 6 and 7 (format identifier),
the other five bits are used for encoding the
nonsequenced commands and responses. There are
some nonsequenced commands that need specific
nonsequenced responses from System/34. These
commands are SNRM (set normal response mode),
DISC (disconnect), TEST, and XID (exchange station
identification). A response from System/34 to one of
these commands will occur before any other supervisory
or information transfer format response.

If more than one nonsequenced command is received by
System/34 before a response, the additional commands
(more than one) are ignored. The response is to the first
command received.
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DISC (disconnect): This command places the
receiving System/34 in a disconnected state.
System/34 should respond with an NSA
(nonsequenced acknowledgment); it should also
disable the adapter when a DISC command is
received. No information field is permitted with the
disconnect command.

NSA (nonsequenced acknowledgment): This is an

affirmative response to an SNRM or DISC command;
it acknowledges that the command was received. No
information field is permitted with the NSA response.

SNRM (set normal response mode): This command
places System/34 in a normal response mode
(NRM). System/34 remains in NRM until it receives
a DISC command. The expected response to an
SNRM command is NSA. A System/34 in NRM
cannot transmit until it receives a frame with the poll
bit on.

TEST: This is a command from the primary station or
a response from System/34. The primary station
starts one round-trip transmission of test data to
which System/34 responds; that is, the data that is
sent to System/34 with a TEST command is normally
returned with a TEST response from System/34
(unless the data was too long for the buffer, in which
case the data is not returned). This
command/response can contain an information field.
The information field of the TEST response must be
the same as the information field of the TEST
command.

CMDR (command reject): This is a response to an
invalid command received by System/34. System/34
repeats the CMDR response until an SNRM or DISC
command is received.

A command is invalid if:

— The command is not used at the receiving station.

— The information field is too long for the buffer space
that was permitted (except for the TEST command).

— The Nr count is out of range.

— An information field was sent with a command that
does not permit an information field.



A CMDR response includes an information field that
gives the reason for the rejected command. The format
of this field includes:

First byte—A duplicate of the control field of the
command that caused the CMDR response.

Second byte—The receiving station’s Nr and Ns count
fields as they were before sensing the reason for the
CMDR.

Third by te—(0000wxyz)
0000 = Pad characters.

w = The Nr sequence count in byte 1 is out of
range.

x = The information field was too long. (This bit
is mutually exclusive with bit z.)

y = Received an information field that was not
permitted. (Bit z must be on with this bit.)

z = An invalid command was received.

« XID (exchange station identification): This
command/response is used by the primary station as
a command to request station identification from the
addressed System/34. The primary station can also
give its own identification to the addressed
System/34. System/34 uses this
command/response only in response to a received
XID command.

« DM (disconnected mode): This response is
transmitted to the primary station to indicate that
System/34 is in a disconnected state (normal
disconnect mode), and System/34 requests an online
status. No information field is permitted with this
response.

SDLC Response Modes

There are two response modes for a System/34 using
SDLC procedures—normal response mode (NRM) and
normal disconnect mode (NDM). In NRM, System/34
can transmit if it has received a frame with the poll bit
on; more than 1 frame can be transmitted. The last
frame transmitted can have the final bit on, or a
supervisory frame (RR or RNR), with the final bit, can
follow the last information frame. Once a frame is
transmitted with the final bit on, System/34 cannot
transmit again until it receives another frame with the
poll bit on.

In NDM, System/34 normally responds with DM
(disconnected mode) unless it receives an SNRM, DISC,
TEST, or XID command.

SDLC Transmission States

There are four transmission states for an SDLC data
link—active, disconnect, idle, and transient. The data link
can be in only one state at any one time.

Active State

When the data link is in the active state, a station is
transmitting or receiving data. Flags are used to activate
or maintain the active state. Once System/34 is in the
active state, it must remain active until it sends a frame
with the final bit on or until it must abort a frame.

Disconnect State

In the disconnect state when the data link is not
operational; no transmissions are possible. The primary
station does not monitor the data link for incoming
transmissions.

Idle State

In the idle state, the data link is operational but there
are no data transmissions. When a station does not
have the priority to transmit, that station goes to the idle
state.

Also, when 15 or more consecutive 1 bits are sensed,
the data link goes to the idle state.

Transient State

When the data link is in the transient state, a station is
getting ready to transmit; this is known as turnaround
delay. The delay starts when a station sets the request
to send signal on, and ends when the modem supplies
the clear to send signal.
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SDLC Input/Output Block

Each SDLC adapter operation is specified by an
input/output block {I0B) located in main storage. The
I0B, issued by the supervisor call input/output request
instruction, contains all the information needed to
perform a requested operation.

If more than one operation is to be performed, the IOBs
must be queued by issuing a supervisory call
input/output request instruction for each operation. At
the end of each operation, the 10B is posted complete
and the next operation on the 0B queue is started. See
Figure 9-12 for a description of the SDLC 10B.

Posting 10Bs Complete

A completion code is generated by the SDLC adapter
when it becomes necessary to inform the system
program of empty or full transmit/receive buffers.
“Completion codes are also generated when an operation
ends or as a result of an error condition during a
-transmit or receive operation.

On a receive operation, an IOB is posted complete if:

+ A single valid addressed frame is sensed.

« An addressed invalid frame is sensed.

+ An addressed valid frame is sensed but with wrong
frame checking.

¢ The inactivity timer has timed out.

« An adapter check has occurred.
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On a transmit operation, an IOB is posted complete if a
frame has been sent with a transmit only or a transmit
final instruction.

An IOB is posted complete for either a transmit or a
receive operation if:

» An abortive disconnect occurs on a switched line.
+ A buffer overrun occurs.

« The transmit data buffer length is O on a transmit
operation, or the receive data buffer length is O on a
receive operation and the trailing flag or abort
condition is recognized. Once the receive data buffer
length is O, there is no more data transferred to '

" storage but the adapter continues to collect frame
check characters on the incoming data while
monitoring for a trailing flag or an abort condition.
(The receive and transmit data buffer lengths are
decreased by the SDLC adapter as data is received or
transmitted.)

« An adapter check has occurred.



Displacement IBM

of Leftmost Program Length
Byte in Hex Label in Bytes Description
0 SIOBECM 1 Event control mask
Hex Meaning
80 Do not skip indicator.
40  Data buffer address is real.
1 SIOBHCMP 1 Completion code
Hex Meaning
80 Active: Set on by control storage when processing the 10B, and
set off by control storage when processing is complete. |f this bit is
on, processing of the 10B is not permitted.
40 Complete: Set on by control storage when the 10B is complete;
set off by main storage. If this bit is on, processing of the 10B
is not permitted.
10 Hold: Set on by control storage when processing the 10B. Set
on by main storage to inhibit processing of the IOB; the supervisor
call test/set command is used to set this bit from main storage.
01  Error detected: Set on if any bit in status byte O is on.
2 SIOBPARM 1 Parameter byte
3 S10BQ 1 Command (Q) code

Bits 0 1 2 3 = Attachment address
Bits 4 5 6 7 = Command type

00O00O0 Control

0001 Receive .

0010 Transmit/receive: When the transmit operation ends;
processing of the |0Bs will continue from the begin-
ning of the queue; a receive IOB must be at the
beginning of the queue.

0011 Receive initial

0100 Transmit final

0101 Transmit only

0110 Reserved

0111 Receive delayed

Note: The SDLC contro! storage program does not check the validity
of the command code. .The program decodes the command from only
the low-order 3 bits and proceeds with the operation. Where the
low-order 3 bits are defined to be reserved, the operation defaults to a
receive operation.

Figure 9-12 (Part 1 of 3). SDLC I0B
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Displacement IBM
of Leftmost Program Length
Byte in Hex Label in Bytes Description

4 SIOBR 1 Command modifier

When the command {Q) code is hex O:

CO0 = Control enable

80 = Control disable

When the co'mmand‘(Q) code is not hex 0, the command modifier bits
are reserved.

5 SIOBSTA®@ 1 Station address: Address field in the SDLC frame that identifies
System/34.

6 SIOBBUF®@ 2 Data buffer address: Points to the beginning of the data buffer.

8 SIOBBUFL 2 Data buffer length: Defines the number of bytes in the data buffer.

A SIOBSTO Status byte 0
Hex Meaning
80 Time-out
40  Frame check
20  Adapter check
10  Buffer overrun (receive)

08 Invalid frame

04  Abortive disconnect

02 Not data set ready

01 Idle time-out {primary station)

B SIOBST1 1 Status byte 1 (reserved)

C SIOBDEA 2 Data end address: Indicates the last position of the buffer (plus 1
position) that was used at the completion of a transmit or receive
command.

E SIOBSTAT 2 Reserved

10 SIOBTCB 2 Task control block address

12 SIOBQUE 1 Queue identification

Figure 9-12 (Part 2 of 3). SDLC IOB
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Displacement IBM
of Leftmost Program Length
Byte in Hex Label in Bytes Description
13 SIOBLDEF 1 Line definition byte
Hex Meaning
80  Half rate is selected.
40 Internal clock is needed.
20 IBM modem is installed.
10  Answer tone must be supplied by data terminal equipment.
08 Standby line is selected.
04  Multipoint line is selected.
02 Switched data terminal ready line is selected.
01  Nonswitched line is selected.
14 SIOBRES 4 Reserved

Figure 9-12 (Part 3 of 3). SDLC I10B

Main Storage Data Areas

The transmit buffer and the receive buffer are main
storage data areas used by SDLC when data is
transmitted or received over the data link.

Transmit Buffer

The transmit buffer, shown in Figure 9-13, contains the
control field and information field for one frame to be
transmitted by the SDLC adapter. During the transmit
operation, the adapter reads and transmits one byte at a
time from the transmit buffer.

The data buffer address (DBA) and the transmit data
buffer length must be specified in the SDLC |OB, and
the data to be transmitted must be stored in the buffer
before the transmit operation is issued.

DBA Transmit Data Buffer Length

Control Information

Figure 9-13. Transmit Buffer at Start of Transmit
Operation

Receive Buffer

The receive buffer, shown in Figure 9-14, contains the
control field and information field received in one frame.
During the receive operation, the SDLC adapter fills the
receive buffer one byte at a time with data received on
the data link.

The data buffer address (DBA) and the receive data
buffer length must be specified in the SDLC 10B before
the receive operation is issued.

DBA Receive Data Buffer Length

Control Information

Figure 9-14. Receive Buffer at Start of Receive Operation
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SDLC OPERATIONS

All operations on the data link are controlled by
input/output blocks issued by supervisor call
input/output request instructions.

Enable/Disable SDLC

The enable SDLC operation enables the SDLC adapter
and sets on the ‘data terminal ready’ line to the modem
if a nonswitched network configuration or a switched
DTR (data terminal ready) configuration is specified in
the line definition byte of the |OB.

The disable SDLC operation disables the SDLC adapter
and sets off the "data terminal ready’ line to the modem.
The ‘power on reset’, ‘system reset’, or 'IPL’ line also
disables the SDLC adapter and sets off the ‘data
terminal ready’ line.

Receive Initial Operation

The receive initial operation causes an SDLC initialization
sequence to be performed and the first frame received
to be loaded into the receive buffer. The data line
selected (switched DTR or nonswitched) determines the
type of initialization sequence.

Receive Initial Operation (Switched DTR Network)

On a switched DTR network, the receive initial operation
causes the SDLC adapter to wait for the "data set ready’
line to be set on. When the ‘data set ready’ line is set
on, the SDLC adapter (1) starts the inactivity counter, (2)
generates an answer tone if one is needed, and (3)
loads the receive buffer with the data received on the
data link.

When the receive operation is completed, the 10B is
posted complete. At this time the bits in the completion
code byte can be checked.

Receive Initial Operation (Nonswitched Network)

On a nonswitched network, the receive initial operation
causes the SDLC adapter to load the receive buffer with
the data received on the data link. The adapter does not
start the inactivity counter.

When the receive operation is completed, the I0B is
posted complete. At this time the bits in the completion
code byte can be checked.
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Receive Operation

The receive operation causes the SDLC adapter to start
the inactivity counter and to load the receive buffer with
data received on the data link.

When a receive operation has been completed, the 10B
is posted complete. At this time the status bits in the
completion code byte can be checked.

Transmit Only Operation

The transmit only operation causes the SDLC adapter to
transmit the data in the transmit buffer. When the
transmit operation has been completed, the adapter
holds the line in the active state by sending continuous
flag bytes until another transmit operation starts. The
transmit only instruction lets the adapter transmit
continuous frames without any receive operations
between the frames.

When the transmit operation has been completed, the
I0B is posted complete. At this time the status bits in
the completion code byte can be checked.

Transmit Operation {Poll/Final Bit On)

The transmit operation causes the SDLC adapter to
transmit the data in the transmit buffer and prepare for
line turnaround. The transmit operation is then followed
by a receive operation.

When the transmit operation has been completed, the
10B is posted complete. At this time the completion
code can be checked. An IOB for a receive command
must be on the queue.

Transmit Final Operation

The transmit final operation causes the SDLC adapter to
(1) transmit the data in the transmit buffer and (2)
generate the completion code. This operation can be
used when no response is needed to a final transmitted
message. When the 10B is posted complete, the
completion code can be checked.
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Receive Delayed Operation

The receive delayed operation queues receive operations
which are not to be executed immediately to the SDLC
adapter. A transmit operation is needed before a receive
delayed is executed. After a transmit operation is
issued, executed, and posted complete, the adapter will
execute the queued receive delayed. This operation
ensures there is a receive available as soon as the

transmit is complete.

When the receive operation is completed, the I0OB is
posted complete. At this time the bits in the completion
code byte can be checked.

SDLC STATUS BYTES

The results of a transmit or a receive operation can be
determined by checking the status bytes of the SDLC
IOB. Figure 9-15 and the following paragraphs describe
each bit of these status bytes.

Byte O Bit

Byte 1—Not used

Meaning
Time-out
Frame check
Adapter check
Receive buffer
overrun

Invalid frame

Abortive disconnect

Data set not ready

Bytes 2 and 3—Data end address

Bit Set On When:

The activity timer is completed.

A valid addressed frame is detected with an invalid frame check.

A character was not moved to or from main storage before t"le next
character had to be moved to accomodate the line.

The receive buffer was not long enough to accomodate the incoming
frame.

Any of the following occurs:

A flag is detected off a byte boundary.

o An ending flag is detected within 32 bits of the starting flag.

o An abort sequence is detected.

e An idle condition is detected between a starting flag and an ending flag.

The data set ready line comes on and then goes off on a switched line.

An operation end interrupt is generated on a leased line if ‘data set
ready’ is not on or does not come on 3 seconds after a supervisor call
is issued.

Figure 9-15. SDLC Status Bytes
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Inactivity Timer

The inactivity timer is used by the SDLC adapter to
prevent long periods of inactivity that might result from
an error condition.

Error conditions causing inactivity let the timer run out
{time-out), and a completion code to be generated with
the time-out status bit set (bit O of status byte 0).

The timer is started at the start of a receive operation.
If a complete frame (valid or not valid) is not received in
32 seconds (time of the inactivity timer), the time-out
condition is posted.

Adapter Checks

Adapter checks can occur on a receive operation or a
transmit operation. On a receive operation, an adapter
check occurs if another character is received before the
preceding character is sensed. On a transmit operation,
a check occurs if it is time to transmit a character but
no character was loaded into the transmit buffer.

An adapter check on a receive operation is identified by
bit 3 of status byte O; bit 2 of status byte O identifies an
adapter check on a transmit operation.

Invalid Frame: A frame is invalid if any of the following
occur after a starting flag is sensed on a receive
operation:

— An ending flag is sensed in less than 32 bits after a
starting flag was sensed.

— A flag is sensed off a byte boundary.

— An abort sequence is sensed.

— An idle condition occurs.

An invalid frame is identified by bit 4 of status byte O.

Control

Abortive Disconnect: An abortive disconnect occurs
when the ‘data set ready’ line goes not active on a
switched line; bit 5 of status byte O is set on.

Data Set (Not) Ready: An operation end interrupt is
generated on a leased line if ‘data set ready’ is not on
or does not come on in three seconds after a supervisor
call is issued.

ZERO BIT INSERTION/DELETION

Zero bit insertion/deletion ensures that bit streams that
are the same as the flag are not transmitted in the
address, control, information, and frame check fields of
the frame; this is done in transmit mode by inserting a
binary O bit into the data stream after five consecutive 1
bits (see Figure 9-16).

In receive mode, a O bit following five consecutive 1 bits
is deleted. If the bit (call it bit 6) following five
consecutive 1 bits is also a 1 bit, the bit stream is either
a flag or an error. The next bit must be checked to
determine if the data stream is a flag or an error. If the
next bit (call it bit 7) is a O bit, the bit stream is received
as a flag but a 1 bit indicates an error.

Information

Transmitted/Received A~ —— A — A m— el

Flag Address
Bit Stream 01111110 1M1 11
\ \
Bit Stream with Zero ‘\
Insertion/Deletion 01111110 111110111
Inserted/Deleted Zeros : l

11000000
\

\
110000000

11111(311 111}0010

\ /
\ /
111110011111010010

J

Note: No O’s are inserted in the flag field.

Figure 9-16. Zero Bit Insertion/Deletion
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NRZI TRANSMISSION CODING

Because SDLC is bit oriented, it is important to maintain
bit synchronization. This is the function of NRZI (zeros
complemented transition coding).

NRZI prevents the extended periods of transitionless
data when consecutive O bits are transmitted by
changing the state of the data (from + to -, or from - to
+) when transmitting a O bit. The data is not changed
when 1 bits are transmitted (see Figure 9-17). As a
result, continuous transitions occur for consecutive O
bits and no transitions occur for consecutive 1 bits.

Bit Stream I | ,

mmegase | | [ LD

Bits 1100001111100 1

Zero inserted after five 1's. __T

Figure 9-17. NRZ! Transmission Coding

Zero bit insertion/deletion causes transitions by
inserting a binary O into the data stream after five
consecutive 1 bits. Therefore, a transition must occur
after the transmission of no more than five 1 bits
(except for a flag).

NRZI must be used with modems that are not
synchronous (needing an internal clock) and with
synchronous modems that are sensitive to transitionless
bit streams. If a synchronous modem is being used and
its sensitivity to transitionless bit streams cannot be
determined, the user should contact his IBM marketing
representative.

The internal clock must be used with modems (data
sets) that do not supply clocking to the adapter. When
the internal clock and NRZI transmission coding are
both used, sixteen O bits are inserted into the data
stream in front of the starting flag. Insertion of these O
bits supplies 16 transitions that ensure initial bit
synchronization.

Note: All DTEs (data terminal equipment) on the same
data link must use the same encoding/decoding method
(NRZI or non-NRZI). Failure to use the same method
results in no communications between the DTEs.
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SDLC ERROR RECORDING

Parts of three sectors are reserved on the disk for
recording SDLC errors in either the SDLC error history
table or the SDLC error counter table. (The SDLC error
counter table also contains counts of 1/0O activity.) The
error history table (Figure 9-18) contains a 14~byte
entry for each of the last 25 temporary or permanent
SDLC errors.

The error counter table (Figure 9-19) is a 80-byte entry
containing the latest job totals and the cumulative totals
for twelve different items. The latest job counts for all
nine items are put into the table by SSP routines at
end-of-job time; the cumulative counts for all nine
items are updated by the SSP routines.

Displacement
of Leftmost Length
Byte in Hex in Bytes Description
0 1 Q-byte of the operation
1 1 Sense information byte O
2 1 Sense information byte 1
3 1 SDLC control field
4 1 SDLC station address field
5 1 : - Queue header
6 3 Date (yymmdd) on which the error occurred
9 1 Reserved
A 4 Time of day (measured in timer units)

Figure 9-18. SDLC Error History Table
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Displacement
of Leftmost Length
Byte in Hex in Bytes Description
0 2 Number of job information frames transmitted
2 4 Number of cumulative information frames transmitted
6 2 Number of job information frames retrﬁnsmitted
8 4 Number of cumulative information frames retransmitted ,
C 2 Number of job information frames received
E 4 Number of cumulative information frames received
12 2 Number of job information frames purged
14 4 Number of cumulative information frames purged
18 2 Number of job total frames transmitted
1A 4 Number of cumulative total frames transmitted
1E 2 Number of job total frames received
20 4 Number of cumulative total frames received
24 3 Date (yymmdd) on which the 1/O counters in this table were
reset through ERAP :
27 1 Reserved
28 2 Number of job block check errors
2A 4 Number of cumulative block check errors
2E 2 Number of job invalid frame errors
30 4 .Number of cumulative invalid frame errors
34 2 Number of job abortive disconnect time-outs
36 4 Number of cumulative abortive disconnect time-outs
3A 2 Number of job receive time-outs
3C 4 Number of cumulative receive time-outs
40 2 Number of job adapter checks
42 4 Number of cumulative adapter checks

Figure 9-19 (Part 1 of 2). SDLC Error Counter Table
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Displacement
of Leftmost Length
Byte in Hex in Bytes Description
46 2 Number of job idle detect time-outs
48 4 Number of cumulative idle detect time-outs
4C 3 Date (yymmdd) on which the error counters in this table
were reset through ERAP
4F 1 Reserved

Figure 9-19 (Part 2 of 2). SDLC Error Counter Table
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Appendix A. Instruction Formats

Op Code Type Op Code Type
04 2 Addr ———] 44 ’ 2 Addr —
06 46
07 47
08 Direct 48 Indexed Direct
0A l Op I Q Operand 1 | Operand 2 4A I Op Q I D1 | Operand 2
0B I 4B
oc ; 6 bytes 4c l~—5 bytes
oD 4D
0E 4E XR1
OF 4F
14 w2 Addr — 54 <2 Addr >
16 56
17 57
18 Direct Indexed 58 Indexed
1A ‘Ep | Q |Operand1 | D2 5A Op Q | D1 | D2
1B 5B
1C I——‘S bytes 5C le——4 bytes ————
1D 5D
1E XR1 5E XR1 XR1
17 5F
24 2 Addr — 64 2 Addr
26 66
27 67
28 Direct Indexed 63 Indexed
2A lop | @ [operand1 {2 | 6A [op [ @ | 1| D2 ]
2B 6B l
2C !—_‘5 bytes ——— | ’ 6C l 4 bytes
2D 6D
2E XR2 6E XR1 XR2
2F 6F

<1 Addr — <~—1 Addr
34 74
35 Direct 75 Indexed
36 Op Q | Operand 1 76 Op | Q D1
38 78 _
39 4 bytes 79 [—3 bytes—
3A 7A
3B 7B
3C 7C XR1
3D 7D
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Op Code

Type

Op Code

Type

84
86
87
88
8A
8B
8c
8D
8E
8F

Indexed Direct

e—2 Addr —»

co
c2

Direct
OpJ Q l Address l
f«——4 bytes ———|

Op Q D1 | Operand 2

XR2

DO
D2

Indexed

[Q’J Q Im +XR1

J«— 23 bytes—|

«———5 bytes —————»

EO
E2

Indexed

op | @ D2 | yp
3 bytes i

94
96
97
98
9A
98
9C
9D
9E
9F

2 Addr

Indexed

Op | Q D1 | D2

[~—4 bytes ————

XR2 XR1

FO
F1
F2
F4
F5
F6

op [ a | R |

[=—3 bytes —-l

A4
A6
A7
A8
AA
AB
AC
AD
AE
AF

<2 Addr —

Indexed

op | @ | b1 | D2

4 bytes

XR2 XR2

B4
B5
B6
B8
B9
BA
BB
BC
BD

— ~<~—1 Addr

Indexed

Op | O | D1

«~——3 bytes —

XR2
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Below are definitions of the column headings used in
the following table.

Hex Value. The internal EBCDIC code used by the
system, expressed as a hexadecimal notation.

Binary Value. The internal EBCDIC code expressed as a
binary notation.

Print Graphic. The graphic printed by this system for the
EBCDIC code shown. For example, graphics printed for
the EBCDIC code stored in the print data field
correspond to the binary values shown in the chart.
Hence, a main storage value of hex 6C is printed as %.

Display Screen Graphic. This column shows the graphic
that is displayed on the display screen for the
associated main storage EBCDIC code shown in the
binary value column. A main storage value of hex 50 is
displayed as &.

Appendix B. EBCDIC Code Meanings

EBCDIC Code Meanings
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Display
Hex Binary Print Screen
Value | Value Graphic Graphic
00 00000000
01 00000001
02 00000010
03 00000011
04 00000100
05 00000101
06 00000110
07 00000111
08 00001000
09 00001001
0A 00001010
0B 00001011
oC 00001100
oD 00001101
OE 00001110
OF 00001111
10 00010000
11 00010001
12 00010010
13 00010011
14 00010100
15 00010101
16 00010110
17 00010111
18 00011000
19 00011001
1A 00011010
1B 00011011
1C 00011100 *
1D 00011101
1E 00011110
1F 00011111
20 00100000
21 00100001
22 00100010
23 00100011
24 00100100
25 00100101
26 00100110
27 00100111
28 00101000
29 00101001
2A 00101010
2B 00101011
2C 00101100
2D 00101101
| 2E 00101110
2F 00101111

Display

Hex Binary Print Screen
Value | Value Graphic Graphic
30 00110000

31 00110001

32 00110010

33 00110011

34 00110100

35 00110101

36 00110110

37 00110111

38 00111000

39 00111001

3A 00111010

3B 00111011

3C 00111100

3D 00111101

3E 00111110

3F 00111111

40 01000000 Blank Blank
41 01000001

42 01000010

43 01000011

44 01000100

45 01000101

46 01000110

47 01000111

48 01001000

49 01001001

4A 01001010 ¢ ¢
4B 01001011 . .
4C 01001100 < <
4D 01001101 ( (
4E 01001110 + +
4F 01001111 | |
50 01010000 & &
51 01010001

52 01010010

53 01010011

b4 01010100

55 01010101

56 01010110

57 01010111

58 01011000

59 01011001

5A 01011010 !

5B 01011011 $ $
5C 01011100 x *
5D 01011101 ) )
5E 01011110 ; ;
5F 01011111 7 7]
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Display

Display
Hex Binary Print Screen
Value | Value Graphic Graphic
60 01100000 - -
61 01100001 / /
62 01100010
63 01100011
64 01100100
65 01100101
66 01100110
67 01100111
68 01101000
69 01101001
6A 01101010 ! !
6B 01101011 ! !
6C 01101100 % %
6D 01101101 - —
6E 01101110 > >
6F 01101111 ? ?
70 01110000
71 01110001
72 01110010
73 01110011
74 01110100
75 01110101
76 01110110
77 01110111
78 01111000
79 01111001 ! !
7A 01111010 : :
7B 01111011 # #
7C 01111100 @ @
7D 01111101 ! ’
7E 01111110 = =
7F 01111111 " "
80 10000000
81 10000001 a a
82 10000010 b b
83 10000011 c c
84 10000100 d d
85 10000101 e e
86 10000110 f f
87 10000111 g g
88 10001000 h h
89 10001001 i i
8A 10001010
8B 10001011
8C 10001100
8D 10001101
8E 10001110
8F 10001111

Hex Binary Print Screen
Value | Value Graphic Graphic
20 10010000

91 10010001 i ]
92 10010010 k k
93 10010011 | |
94 10010100 m m
95 10010101 n n
96 10010110 o o
97 10010111 p P
928 10011000 q q
99 10011001 r r
9A 10011010

9B 10011011

9C 10011100

9D 10011101

9E 10011110

9F 10011111 -

A0 10100000

A1l 10100001 ~ ~
A2 10100010 s s
A3 10100011 t t
A4 10100100 u u
Ab 10100101 v v
A6 10100110 w w
A7 10100111 X X
A8 10101000 y y
A9 10101001 z z
AA 10101010

AB 10101011

AC 10101100

AD 10101101

AE 10101110

AF 10101111

BO 10110000

B1 10110001

B2 10110010

B3 10110011

B4 10110100

B5 - 10110101

B6 10110110

B7 10110111

B8 10111000

B9 10111001

BA 10111010

BB 10111011

BC 10111100

BD 10111101

BE 10111110

BF 10111111

EBCDIC Code Meanings
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Display
Hex Binary Print Screen
Value | Value Graphic Graphic
co 11000000 { {
C1 11000001 A A
C2 11000010 B B
C3 11000011 C Cc
Cc4 11000100 D D
C5 11000101 E E
C6 11000110 F F
C7 11000111 G G
Cc8 11001000 H H
Cc9 11001001 | |
CA 11001010 :
CcB 11001011
CcC 11001100
CD 11001101
CE 11001110
CF 11001111
DO 11010000 } }
D1 11010001 J J
D2 11010010 K K
D3 11010011 L L
D4 11010100 M M
D5 11010101 N N
D6 11010110 (o] (e}
D7 11010111 P P
D8 11011000 Q Q
D9 11011001 R R
DA 11011010
DB 11011011
DC 11011100
DD 11011101
DE 11011110
DF 11011111
EO 11100000 \ \
E1 11100001
E2 11100010 S S
E3 11100011 T T
E4 11100100 U U
E5 11100101 \Y \Y
E6 11100110 W W
E7 11100111 X X
E8 11101000 Y Y
E9Q 11101001 4 V4
EA 11101010
EB 11101011
EC 11101100
ED 11101101
EE 11101110
EF 11101111

Display
Hex Binary Print Screen
Value | Value Graphic Graphic
FO 11110000 0 0
F1 11110001 1 1
F2 11110010 2 2
F3 11110011 3 3
F4 11110100 4 4
F5 11110101 5 5
F6 11110110 6 6
F7 11110111 7 7
F8 11111000 8 8
F9 11111001 9 9
FA 11111010
FB 11111011
FC 11111100
FD 11111101
FE 11111110
FF 11111111
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256
512
1024
2048

4 096
8192
16 384
32768

65 536
131072
262 144
524 288

1048 576
2097 152
4194 304
8 388 608

16 777 216
33 554 432
67 108 864
134 217 728

268 435 456
536 870912
1073 741 824
2147 483 648

4294 967 296
8 589 934 592
17179869 184
34 359 738 368

68 719 476 736
137 438 953 472
274 877 906 944
549 755 813 888

WN =0

NOoO O s

10
1

12
13
14
15

16
17
18
19

20
21
22
23

24
25
26
27

28
29
30
31

32
33
34
35

36
37
38
39

Appendix C. Powers of Two Table

2n

1.0
0.5
0.25
0.125

0.0625
0.031 25
0.015 625
0.007 8125

0.003 906 25
0.001 853 125
0.000 976 562 5
0.000 488 281 25

0.000 244 140 625
0.000122 070 3125
0.000 061 035 156 25
0.000 030517578125

0.000 015 258 789 062 5
0.000 007 629 394 531 25
0.000 003 814 697 265 625
0.000 001 907 3486328125

0.000 000 953 674 316 406 25
0.000 000 476 837 158 203 125
0.000 000 238 418 579 101 562 5
0.000 000 119 209 289 550 781 25

0.000 000 059 604 644 775 390 625
0.000 000 029 802 3223876953125
0.000 000 014 901 161 193 847 656 25
0.000 000 007 450 580 596 923 828 125

0.000 000 003 725 290 298 461 914 062 5
0.000 000 001 862 645 149 230 957 031 25
0.000 0D0O 000 931 322574 615 478 515 625
0.000 000 000 465 661 287 307 739 257 8125

0.000 000 000 232 830 643 653 869 628 906 25
0.000 000 000 116 415 321 826 934 814 453 125
0.000 000 000 058 207 660 913 467 407 226 562 5
0.000 000 000 029 103 830 456 733 703 613 281 25

0.000 000 000 014 551 915 228 366 851 806 640 625
0.000 000 000 007 275 957 614 183 425 903 320312 5
0.000 000 000 003 637 978 807 091 712 951 660 156 25

0.000 000 000 001 818 989 403 545 856 475 830 078 125

Powers of Two Table
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Appendix D. Binary and Hexadecimal Number Notations

BINARY NUMBER NOTATION

HEXADECIMAL NUMBER SYSTEM
A binary number system uses a base of two. A
base-of-two number system can be compared with the
base-of-ten (decimal) number system.

It has been noted that binary numbers require about three
times as many positions as decimal numbers to express the
equivalent number. This is not much of a problem to the

computer; however, in talking and writing or in communi-

Decimal Binary Number . . .
Number Equivalent cating wn!\ the computer, these binary numpers are bullfy.
A long string of 1's and O’s cannot be effectively transmitted

0 0 from one individual to another. Some shorthand method
1 1 is necessary.
2 10
3 1 The hexadecimal number system fills this need. Because of
4 100 the simple relationship of hex to binary, numbers can be
5 101 converted from one system to another by inspection. The
6 110 base or radix of the hexadecimal system is 16. This means
7 11 there are 16 symbols: 0,1,2,3,4,5,6,7,8,9,A,B,C, D,
8 1000 E, and F. The letters A, B, C, D, E, and F represent the
9 1001 10-base system values of 10, 11, 12, 13, 14, and 15, respectively.

Four binary positions are equivalent to one hex position.
The following table shows the comparable values of the three

Example of a Decimal Number number systems:

l :
1 % 3 9 + 9 units position:] Decimal Binary Hex
- © o\ W © + 30 tens position
7: 7i t 7: O + 200 hundreds position 0 0000 0
W\ B\ \ X% + 1000 thousands position—- 1 0001 1
1239 = decimal number 2 0010 2
3 0011 3
4 0100 4
Example of a Binary Number 5 0101 5
L T 6 0110 6
1 0 0 1 + 0001 = decimal 1—‘_’ 7 0111 7
-\ o o - + 0000 = decimal 0 8 1000 8
7‘: >:) >:) >; or + 0000 = decimal 0— 9 1001 9
R W - e + 1000 = decimal 8—— 10 1010 A
1001 = decimal 9 11 1011 B
12 ' 1100 C
13 1101 D
The decimal number system allows counting to 10 in 14 1110 E
each position, from units to tens to hundreds to - 156 1111 F

thousands, etc. The binary system allows counting to
two in each position. CE panel displays are in binary
form: a bit light on is indicated by a 1; a bit light off is
indicated by a zero.

Binary and Hexadecimal Number Notations  D-1



‘At this point all 16 symbols have been used, and a carry to
the next higher position of the number is necessary. For
example;

Decimal Binary - Hex
16 0001 0000 10
17 0001 0001 1
18 0001 0010 12
19 0001 0011 13
20 0001 0100 14
21 . 0001 0101 - 15
etc etc etc

Remember that the computer deals only with binary. How-
ever, an operator can look at a series of lights on the com-
puter console showing binary 1’s and 0's (for example:
0001 1110 0001 0011) and say that the lights represent

the hex value of 1E13. This is easier to state than the string
of 1'sand O's.
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AAppendix E. Hexadecimal-Decimal Conversion Tables

The tables in this appendix provide direct conversion of
decimal and hexadecimal numbers in these rariges:

Hex Decimal
000 to FFF 0000 to 4095

For numbers outside the range of the tables, add the
following values to the table figures:

Hex Decimal
1000 4096
2000 8192
3000 12288
4000 16384
5000 20480
6000 24576
7000 28672
8000 32768

Three-position hex values composed of the numerals listed at
the side and top of the tables convert to the decimal values
listed inside the tables. Decimal values inside the tables
convert to hex values composed of the coordinate numerals
at the side and top of the tables.

Hexadecimal-Decimal Conversion Tables
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_I———O 1 2 3 4 5 6 7 8 9 A B Cc D E F

00-'— 0000 0001 0002 0003 0004 0005 0006 0007 0008 0009 0010 0011 0012 0013 0014 0015
01 -- (0016 0017 0018 0019 0020 0021 0022 0023 0024 0025 0026 0027 0028 0029 0030 0031
02 -- 1 0032 0033 0034 0035 0036 0037 0038 0039 0040 0041 0042 0043 0044 0045 0046 0047
03 -- 1 0048 0049 0050 0051 0052 0053 0054 0055 0056 0057 0058 0059 0060 0061 0062 0063
04 -- | 0064 0065 0066 0067 0068 0069 0070 0071 0072 0073 0074 0075 0076 0077 0078 0079
05 -- [ 0080 0081 0082 0083 0084 0085 0086 0087 0088 0089 0090 0091 0092 0093 0094 0095
06 - [ 0096 0097 0098 0099 0100 0101 0102 0103 0104 0105 0106 0107 0108 0109 0110 0111
07--{0112 0113 0114 0115 0116 0117 0118 0119 0120 0121 0122 0123 0124 0125 0126 0127
08-- (0128 0129 0130 0131 0132 0133 0134 0135 0136 0137 0138 0139 0140 0141 0142 0143
09-- | 0144 0145 0146 0147 0148 0149 0150 0151 0162 0153 0154 0155 0156 0157 0158 0159
0A- | 0160 0161 0162 0163 0164 0165 0166 0167 0168 0169 0170 0171 0172 0173 0174 0175
0B- 0176 0177 0178 0179 0180 0181 0182 0183 0184 0185 0186 0187 0188 0189 0190 0191
0C- 0192 0193 0194 0195 0196 0197 0198 0199 0200 0201 0202 0203 0204 0205 0206 0207
0D-- [ 0208 0209 0210 0211 0212 0213 0214 0215 0216 0217 0218 0219 0220 0221 0222 0223
OE -- | 0224 0225 0226 0227 0228 0229 0230 0231 0232 0233 0234 0235 0236 0237 0238 0239.
OF.-- | 0240 0241 0242 0243 ° 0244 0245 0246 0247 0248 0249 0250 0251 0252 0253 0254 0255
10-- | 0256 0257 0258 0259 0260 0261 0262 0263 0264 0265 0266 0267 0268 0269 0270 0271
11 -- [ 0272 0273 0274 0275 0276 0277 0278 0279 .0280 0281 0282 0283 0284 0285 0286 0287
12-- (0288 0289 0290 0291 0292 0293 0294 0295 0296 0297 0298 0299 0300 0301 0302 0303
13 -- | 0304 0305 0306 0307 0308 0309 0310 0311 0312 0313 0314 0315 0316 0317 0318 0319
14 -1 0320 0321 0322 0323 0324 0325 0326 0327 0328 0329 0330 0331 0332 0333 0334 0335
15-- |1 0336 0337 0338 0339 0340 0341 0342 0343 0344 0345 0346 0347 0348 0349 0350 0351
16 -- | 0352 0353 0354 0355 0356 0357 0358 0359 0360 0361 0362 0363 0364 0365 0366 0367
17 -- ] 0368 0369 0370 0371 0372 0373 0374 0375 0376 0377 0378 0379 0380 0381 0382 0383
18-- [ 0384 0385 0386 0387 0388 0389 0390 0391 0392 0393 0394 0395 0396 0397 0398 0399
19 -- 1 0400 0401 0402 0403 0404 0405 0406 0407 0408 0409 0410 0411 0412 0413 0414 0415
1A-- | 0416 0417 0418 0419 0420 0421 0422 0423 0424 0425 0426 0427 0428 0429 0430 0431
1B-- | 0432 0433 0434 0435 0436 0437 0438 0439 0440 0441 0442 0443 0444 0445 0446 0447
1C-- | 0448 0449 0450 0451 0452 0453 0454 0455 0456 0457 0458 0459 0460 0461 0462 0463
1D-- | 0464 0465 0466 0467 0468 0469 0470 0471 0472 0473 0474 0475 0476 0477 0478 0479
1E-- | 0480 0481 0482 0483 0484 0485 0486 0487 0488 0489 0490 0491 0492 0493 0494 0495
1F - 10496 0497 0498 0499 0500 0501 0502 0503 0504 0505 0506 0507 0508 0509 0510 0511

F-—-O 1 2 3 4 5 6 7 8 9 A B C D E F

20-’- 0512 0513 0514 0515 0516 0517 0518 0519 0520 0521 0522 0523 0524 0525 0526 0527
21 --10528 0529 0530 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543
22 -- | 0544 0545 0546 0547 0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559
23 -- | 0560 0561 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 0574 0575
24 .- | 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0590 0591
25 - 1 0592 0593 0594 0595 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0606 0607
26 -- | 0608 0609 0610 0611 0612 0613 0614 0615 0616 0617 0618 0619 0620 0621 0622 0623
27 .| 0624 0625 0626 0627 0628 0629 0630 0631 0632 0633 0634 0635 0636 0637 0638 0639
28 - | 0640 0641 0642 0643 0644 0645 0646 0647 0648 0649 0650 0651 0652 0653 0654 0655
29 --| 0656 0657 0658 0659 0660 0661 0662 0663 0664 0665 0666 0667 0668 0669 0670 0671
2A .. 1 0672 0673 0674 0675 0676 0677 0678 0679 0680 0681 0682 0683 0684 0685 0686 0687
2B - | 0688 0689 0690 0691 0692 0693 0694 0695 0696 0697 0698 0699 0700 0701 0702 0703
2C .| 0704 0705 0706 0707 0708 0709 0710 0711 0712 0713 0714 0715 0716 0717 0718 0719
2D..| 0720 0721 0722 0723 0724 0725 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735
2E..[ 0736 0737 0738 0739 0740 0741 0742 0743 0744 0745 0746 0747 0748 0749 0750 0751
2F .. | 0752 0753 0754 0755 0756 0757 0758 0759 0760 0761 0762 0763 0764 0765 0766 0767
30 -- [ 0768 0769 0770 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0781 0782 0783
31 --| 0784 0785 0786 0787 0788 0789 0790 0791 0792 0793 0794 0795 0796 0797 0798 0799
32 - | 0800 0801 0802 0803 0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815
33 --| 0816 0817 0818 0819 0820 0821 0822 0823 0824 0825 0826 0827 0828 0829 0830 0831
34 --| 0832 0833 ‘0834 0835 0836 0837 0838 0839 0840 0841 0842 0843 0844 0845 0846 0847
35 -1 0848 0849 0850 0851 0852 0853 0854 0855 0856 0857 0858 0859 0860 0861 0862 0863
36 --| 0864 0865 0866 0867 0868 0869 0870 0871 0872 0873 0874 0875 0876 0877 0878 0879
37 --| 0880 0881 0882 0883 0884 0885 0886 0887 0888 0889 0890 0891 0892 0893 0894 0895
38 -1 0896 0897 0898 0899 0900 0901 0902 0903 0904 0905 0206 0907 0908 0309 0910 0911
39 -1 0912 0913 0914 0915 0916 0917 0918 0919 0920 0921 0922 0923 0924 0925 0926 0927
3A-[ 0928 0929 0930 0931 0932 0933 0934 0935 0936 0937 0938 0939 0940 0941 0942 0943
3B | 0944 0945 0946 0947 0948 0949 0950 0951 0952 0953 0954 0955 0956 0957 0958 0959
3C --{ 0960 0961 0962 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975
3D--) 0976 0977 0978 0979 0980 0981 0982 0983 0984 0985 0986 0987 0988 0989 0990 0991
3E --| 0992 0993 0994 0995 0996 0997 0998 0999 1000 1001 1002 1003 1004 1005 1006 1007
3F —-| 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023
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o ! 2 3 4 85 6 7 8 9 A B c D E F
40 - {1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039
41 - |1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055
42 - |1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071
43 - [1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087
44 - 1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103
45 - [1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 1115 1116 1117 1118 1119
46 - [1120 1121 1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135
47 - {1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151
48 - 11152 1163 1154 1155 1156 1157 1158 1159 1160 1161 1162 1163 1164 1165 1166 1167
a9 ~'Y1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183
4A - [1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199
48 - 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215
ac - [1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231
4D - [1232 1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247
4E - |1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263
4F - (1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279
50 - (1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295
51 - [1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311
52 - 1312 1313 1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327
53 - (1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343
54 - [1344 1345 1346 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359
55 - |1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375
56 - [1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391
57 - [1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407
58 - 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423
59 - [1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439
5A - [1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455
58 ~ {1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471
5C - [1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487
5D - {1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503
5E - |1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519
5F - |1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535

e ! 2 3 4 5 6 7 8 9 A B c D E F

A
60 - |1536 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551
61 - |1552 1553 1554 15556 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567
62 - |1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583
63 ~ |1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1506 1597 1598 1599
64 - (1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615
65 -- {1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631
66 - {1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647
67 -- {1648 1649 1650 1661 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663
68 - [1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679
69 - |1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695
6A - [1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711
6B - |1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727
6C - [1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743
6D - (1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759
6E - [1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1775
6F - [1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791
70 - |1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807
71 - [1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823
72 - (1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839
73 - [1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855
74 - |1856 1857 1858 1869 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871
75 - |1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887
76 - (1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903
77 -|1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919
78 - (1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935
79 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951
7A -[1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967
7B - (1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
7C ~[1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
7D - 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
7E -|2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
7F ~]2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047

Hexadecimal-Decimal Conversion Tables

E-3



9

J"—'O 1 2 3 4 5 6 7 8 A B o] D E F
80 --12048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063
81 --|2064 2065 2066 2067 2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079
82 -- 12080 2081 2082 2083 2084 2085 2086 2087 2088 2089 2090 2091 2092 2093 2094 2095
83 - 12096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2109 2110 2111
84 --12112 2113 2114 2115 2116 2117 2118 2119 2120 2121 2122 2123 2124 2125 2126 2127
85 -- (2128 2129 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2141 2142 2143
86 - |2144 2145 2146 2147 2148 2149 2150 2151 2152 2153 2154 2155 2156 2157 2158 2159
87 - |2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 2170 2171 2172 2173 2174 2175
88 - [2176 2177 2178 2179 2180 2181 2182 2183 2184 2185 2186 2187 2188 2189 2190 2191
89 - 12192 2193 2194 2195 2196 2197 2198 2199 2200 2201 2202 2203 2204 2205 2206 2207
8A -- 2208 2209 2210 2211 2212 2213 2214 2215 - 2216 2217 2218 2219 2220 2221 2222 2223
8B --]2224 2225 2226 2227 2228 2229 2230 2231 2232 2233 2234 2235 2236 2237 2238 2239
8C -- 12240 2241 2242 2243 2244 2245 2246 2247 2248 2249 2250 2251 2252 2253 2254 2255
8D -- [2256 2257 2258 2259 2260 2261 2262 2263 2264 2265 2266 2267 2268 2269 2270 2271
8E -- 12272 2273 2274 2275 2276 2277 2278 2279 2280 2281 2282 2283 2284 2285 2286 2287.
8F --|2288 2289 2290 2291 2292 2293 2294 2295 2296 2297 2298 2299 2300 2301 2302 2303
90 --12304 2305 2306 2307 2308 2309 2310 2311 2312 2313 2314 2315 2316 2317 2318 2319
91 -- 12320 2321 2322 2323 2324 2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2335
92 --[2336 2337 2338 2339 2340 2341 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351
93 -- |2352 2353 2354 2355 2356 2357 2358 2359 2360 2361 2362 2363 2364 2365 2366 2367
94 -- 12368 2369 2370 2371 2372 2373 2374 2375 2376 2377 2378 2379 2380 2381 2382 2383
95 -- 12384 2385 2386 2387 2388 2389 2390 2391 2392 2393 2394 2395 2396 2397 2398 2399
96 -- 12400 2401 2402 2403 2404 2405 2406 2407 2408 2409 2410 2411 2412 2413 2414 2415
97 -- 12416 2417 2418 2419 2420 2421 2422 2423 2424 2425 2426 2427 2428 2429 2430 2431
98 -- 12432 2433 2434 2435 2436 2437 2438 2439 2440 2441 2442 2443 2444 2445 2446 2447
99 -- 12448 2449 2450 2451 2452 2453 2454 2455 2456 2457 2458 2459 2460 2461 2462 2463
9A -- (2464 2465 2466 2467 2468 2469 2470 2471 2472 2473 2474 2475 2476 2477 2478 2479
9B --12480 2481 2482 2483 2484 2485 2486 2487 2488 2489 2490 2491 2492 2493 2494 2495
9C --12496 2497 2498 2499 2500 2501 2502 2503 2504 2505 2506 2507 2508 2509 2510 2511
9D --|2612 2513 2514 2516 2516 2517 2518 2519 2520 2521 2522 2523 2524 2525 2526 2527
9E -- 12528 2529 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539 2540 2541 2542 2543

| 9F 2544 2545 2546 2547 2548 2549 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559
— O 1 2 3 4 5 6 7 8 9 A B (o D E F
AOQ -- [2560 2561 2562 2563 2564 2565 2566 2567 2568 2569 2570 2571 2572 2573 2574 2575
A1 - |2576 2577 2578 2579 2580 2581 2582 2583 2684 2685 2686 2587 2588 2589 2590 2591
A2 - [2592 2593 2594 2595 2596 2597 2598 2599 2600 2601 2602 2603 2604 2605 2606 2607
A3 --|2608 2609 2610 2611 2612 2613 2614 2615 2616 2617 2618 2619 2620 2621 2622 2623
A4 -- (2624 2625 2626 2627 2628 2629 2630 2631 2632 2633 2634 2635 2636 2637 2638 2639
A5 -- 2640 2641 2642 2643 2644 2645 2646 2647 2648 2649 2650 2651 2652 2653 2654 2655
A6 -- 12656 2657 2658 2659 2660 2661 2662 2663 2664 2665 2666 2667 2668 2669 2670 2671
A7 - (2672 2673 2674 2675 2676 2677 2678 2679 2680 2681 2682 2683 2684 2685 2686 2687
A8 - 12688 2689 2690 2691 2692 2693 2694 2695 2696 2697 2698 2699 2700 2701 2702 2703
A9 -- 12704 2705 2706 2707 2708 2709 2710 2711 2712 2713 2714 2715 2716 2717 2718 2719
AA - 2720 2721 2722 2723 2724 2725 2726 2727 2728 2729 2730 2731 2732 2733 2734 2735
AB - 2736 2737 2738 2739 2740 2741 2742 2743 2744 2745 2746 2747 2748 2749 2750 2751
AC --|2752 2753 2754 2755 2756 2757 2758 2759 2760 2761 2762 2763 2764 2765 2766 2767
AD --12768 2769 2770 2771 2772 2773 2774 2775 2776 2777 2778 2779 2780 2781 2782 2783
AE - 2784 2785 2786 2787 2788 2789 2790 2791 2792 2793 2794 2795 2796 2797 2798 2799
AF 12800 2801 2802 2803 2804 2805 2806 2807 2808 2809 2810 2811 2812 2813 2814 2815
BO --|2816 2817 2818 2819 2820 2821 2822 2823 2824 2825 2826 2827 2828 2829 2830 2831
B1 --|2832 2833 2834 2835 2836 2837 2838 2839 2840 2841 2842 2843 2844 2845 2846 2847
B2 --12848 2849 2850 2851 2852 2853 2854 2855 2856 2857 2858 2859 2860 2861 2862 2863
B3 --|2864 2865 2866 2867 2868 2869 2870 2871 2872 2873 2874 2875 2876 2877 2878 2879
B4 --12880 2881 2882 2883 2884 2885 2886 2887 2888 2889 2890 2891 2892 2893 2894 2895
B5 -- 12896 2897 2898 2899 2900 2901 2902 2903 2904 2905 2906 2907 2908 2909 2910 2911
B6 - |2912 2913 2914 2915 2916 2917 2918 2919 2920 2921 2922 2923 2924 2925 2926 2927
B7 --|2928 2929 2930 2931 2932 2933 2934 2935 2936 2937 2938 2939 2940 2941 2942 2943
B8 -- 12944 2945 2946 2947 2948 2949 2950 2951 2952 2953 2954 2955 2956 2957 2958 2959
B9 - 12960 2961 2962 2963 2964 2965 2966 2967 2968 2969 2970 2971 2972 2973 2974 2975
BA - [2976 2977 2978 2979 2980 2981 2982 2983 2984 2985 2986 2987 2988 2989 2990 2991
BB -- 12992 2993 2994 2995 2996 2997 2998 2999 3000 3001 3002 3003 3004 3005 3006 3007
BC -- 13008 3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 3019 3020 3021 3022 3023
BD -- 13024 3025 3026 3027 3028 3029 .3030 3031 3032 3033 3034 3035 3036 3037 3038 3039
BE --|3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 3052 3053 3054 3055
BF --|3056 3057 3058 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071
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o ! 2 3 4 5 6 7 8 9 A B cC D E F

co 3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3086 3087
C1 - [3088 3089 3090 3091 3092 3093 3094 3095 3096 3097 3098 3099 3100 3101 3102 3103
C2 - (3104 3105 3106 3107 3108 3109 3110 3111 3112 3113 3114 3115 3116 3117 3118 3119
C3 -~ [3120 3121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135
C4 - [3136 3137 3138 3139 3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151
C5 - [3152 3153 3154 3155 3156 3157 3158 3159 3160 3161 3162 3163 3164 3165 3166 3167
C6 - (3168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181 3182 3183
C7 - [3184 3185 3186 3187 3188 3189 3190 3191 3192 3193 3194 3195 3196 3197 3198 3199
C8 - [3200 3201 3202 3203 3204 3205 3206 3207 3208 3209 3210 3211 3212 3213 3214 3215
C9 - |3216 3217 3218 3219 3220 3221 3222 3223 3224 3225 3226 3227 3228 3229 3230 3231
CA - [3232 3233 3234 3235 3236 3237 3238 3239 3240 3241 3242 3243 3244 3245 3246 3247
CB (3248 3249 3250 3251 3252 3253 3254 3265 3256 3257 3258 3259 3260 3261 3262 3263
CC - (3264 3265 3266 3267 3268 3269 3270 3271 3272 3273 3274 3275 3276 3277 3278 3279
CD . [3280 3281 3282 3283 3284 3285 3286 3287 3288 3289 3290 3291 3292 3293 3294 3295
CE - [3296 3297 3298 3299 3300 3301 3302 3303 3304 3305 3306 3307 3308 3309 3310 3311
CF - (3312 3313 3314 3315 3316 3317 3318 3319 3320 3321 3322 3323 3324 3325 3326 3327
DO - {3328 3329 3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341 3342 3343
D1 - [3344 3345 3346 3347 3348 3349 3350 3351 3352 3353 3354 3355 3356 3357 3358 3359
D2 - 3360 3361 3362 3363 3364 3365 3366 3367 3368 3369 3370 3371 3372 3373 3374 3375
D3 - [3376 3377 3378 3379 3380 3381 3382 3383 3384 3385 3386 3387 3388 3389 3390 3391
D4 - [3392 3393 3394 3395 3396 3397 3398 3399 3400 3401 3402 3403 3404 3405 3406 3407
D5 - [3408 3409 3410 3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 3421 3422 3423
D6 - |3424 3425 3426 3427 3428 3429 3430 3431 3432 3433 3434 3435 3436 3437 3438 3439
D7 - [3440 3441 3442 3443 3444 3445 3446 3447 3448 3449 3450 3451 3452 3453 3454 3455
D8 - [3456 3457 3458 3459 3460 3461 3462 3463 3464 3465 3466 3467 3468 3469 3470 3471
D9 - {3472 3473 3474 3475 3476 3477 3478 3479 3480 3481 3482 3483 3484 3485 3486 3487
DA~ [3488 3489 3490 3491 3492 3493 3494 3495 3496 3497 3498 3499 3500 3501 3502 3503
DB - [3504 3505 3506 3507 3508 3509 3510 3511 3512 3513 3514 3515 3516 3517 3518 3519
DC .- [3520 3521 3522 3523 3524 3525 3526 3527 3528 3529 3530 3531 3532 3533 3534 3535
DD - |3536 3537 3538 3539 3540 3541 3542 3543 3544 3545 3546 3547 3548 3549 3550 3551
DE - |3552 3553 3554 3555 3556 3557 3558 3559 3560 3561 3562 3563 3564 3565 3566 3567
DF - [3568 3569 3570 3571 3572 3573 3574 3575 3576 3577 3578 3579 3580 3581 3582 3583

—0 1 2 3 4 5 6 7 8 9 A B cC D E F

EO - 3584 3585 3586 3587 3588 3589 3500 3591 3592 3593 3594 3595 3596 3597 3598 3599
E1 - (3600 3601 3602 3603 3604 3605 3606 3607 3608 3609 3610 3611 3612 3613 3614 3615
E2 - [3616 3617 3618 3619 3620 3621 3622 3623 3624 3625 3626 3627 3628 3629 3630 3631
E3 - |3632 3633 3634 3635 3636 3637 3638 3639 3640 3641 3642 3643 3644 3645 3646 3647
E4 - 3648 3649 3650 3651 3652 3653 3654 3655 3656 3657 3658 3659 3660 3661 3662 3663
ES - [3664 3665 3666 3667 3668 3669 3670 3671 3672 3673 3674 3675 3676 3677 3678 3679
E6 - {3680 3681 3682 3683 3684 3685 3686 3687 3688 3689 3690 3691 3692 3693 3694 3695
E7 - [3696 3697 3698 3699 3700 3701 3702 3703 3704 3705 3706 3707 3708 3709 3710 3711
E8 - (3712 3713 3714 3715 3716 3717 3718 3719 3720 3721 3722 3723 3724 3725 3726 3727
E9 (3728 3729 3730 3731 3732 3733 3734 3735 3736 3737 3738 3739 3740 3741 3742 3743
EA - (3744 3745 3746 3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 3757 3758 3759
EB - [3760 3761 3762 3763 3764 3765 3766 3767 3768 3769 3770 3771 3772 3773 3774 3775
EC - |3776 3777 3778 3779 3780 3781 3782 3783 3784 3786 3786 3787 3788 3789 3790 3791
ED ~ (3792 3793 3794 3795 3796 3797 3798 3799 3800 3801 3802 3803 3804 3805 3806 3807
EE - (3808 3809 3810 3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 3821 3822 3823
EF - (3824 3825 3826 3827 3828 3829 3830 3831 3832 3833 3834 3835 3836 3837 3838 3839
FO - (3840 3841 3842 3843 3844 3845 3846 3847 3848 3849 3850 3851 3852 3853 3854 3855
F1 -|3856 3857 3858 3859 3860 3861 3862 3863 3864 3865 3866 3867 3868 3869 3870 3871
F2 - (3872 3873 3874 3875 3876 3877 3878 3879 3880 3881 3882 3883 3884 3885 3886 3887
F3 -[3888 3889 3890 3891 3892 3893 3894 3895 3896 3897 3898 3899 3900 3901 3902 3903
F4 -[3904 3905 3906 3907 3908 3909 3910 3911 3912 3913 3914 3915 3916 3917 3918 3819
F5 -|3920 3921 3922 3923 3924 3925 3926 3927 3928 3929 3930 3931 3932 3933 3934 3935
F6 - (3936 3937 3938 3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 3949 3950 3951
F7 -|3952 3953 3954 3955 3956 3957 3958 3959 3960 3961 3962 3963 3964 3965 3966 3967
F8 - (3968 3969 3970 3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 3981 3982 3983
FO --|3984 3985 3986 3987 3988 3989 3990 3991 3992 3993 3994 3995 3996 3997 3998 3999
FA -|4000 4001 4002 4003 4004 4005 4006 4007 4008 4009 4010 4011 4012 4013 4014 4015
FB - (4016 4017 4018 4019 4020 4021 4022 4023 4024 4025 4026 4027 4028 4029 4030 4031
FC -|4032 4033 4034 4035 4036 4037 4038 4039 4040 4041 4042 4043 4044 4045 4046 4047
FD - 4048 4049 4050 4051 4052 4053 4054 4055 4056 4057 4058 4059 4060 4061 4062 4063
FE - |4064 4065 4066 4067 4068 4069 4070 4071 4072 4073 4074 4075 4076 4077 4078 4079
FF - 14080 4081 4082 4083 4084 4085 4086 4087 4088 4089 4090 4091 4092 4093 4094 4095

Hexadecimal-Decimal Conversion Tables
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Appendix F. Polling and Addressing Characters for Tributary Stations

Polling and addressing characters must be used together ASCII
in certain pairs; that is, once a polling character is
selected, the complementary addressing character is Polling Hexadecimal Addressing Hexadecimal
determined; once an addressing character is selected, Character Representation Character Representation
the complementary polling character is determined.
AA 4141 aa 6161
The pairs of valid polling and addressing characters for BB 4242 bb 6262
both EBCDIC and ASCII are as follows: cC 4343 cc 6363
DD 4444 dd 6464
EE 4545 ee 6565
EBCDIC FF 4646 f 6666
Polling Hexadecimal Addressing Hexadecimal gg jgj; ?\?\ g;g;
Character Representation Character Representation I 4949 i 6969
BB cac2 ss E2E2 - AA4A ) BABA
cC C3C3 TT E3E3 KK 4B4B kk 6B6B
DD caca uu E4E4 LL 4CAC il 6C6C
EE C5C5 vV E5E5 MM 4D4D mm 6D6D
NN AE4E nn 6EGE
FF C6C6 ww EGE6 00 4F4F 0o 6FGF
GG c7C7 XX E7E7
HH Cc8cs8 YY EBES PP 5050 pPp 7070
] Ccoco Y4 E9E9 QQ 5151 aq YAWA
RR 5252 rr 7272
JJ D1D1 1 F1F1 sS 5353 . 7373
KK D2D2 22 F2F2 T 5454 . 7474
LL D3D3 33 F3F3
MM D4D4 44 F4F4 uu 5555 uu 7575
vV 5656 v 7676
NN D5D5 55 F5F5 WW 5757 ww 7777
00 D6D6 66 F6F6 XX 5858 x 7878
PP D7D7 77 F7F7 vy 5959 7979
Yy
QQ D8D8 88 F8F8 27 EABA 22 JATA
RR D9D9 99 FOF9

To specify polling or addressing characters in the ADDR-nn
parameter of the SETR utility control statement or the
OVERRIDE command statement format, give the hex
representation of one of the addressing characters. It will
be duplicated by the system to provide two characters. At
the same time, the corresponding polling characters will

be determined.

For example, ADDR-E7 is given to specify the EBCDIC
addressing characters XX and the corresponding polling
characters GG. ADDR-70 is given to specify the ASCII
addressing characters pp and the corresponding polling
characters PP.
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The ASCIHl and EBCDIC character sets are shown in the

following charts. The BSCA control characters recognized

by the system are listed in Chapter 9.

ASCII Codes

Main Storage Bit Positions 0, 1,2, 3

Main Storage 0000| 0001 {0010 00110100} 0101 Jo110{ 0111 {1000 |1001 {1010 }1011 J1100 {1101 1110 }1111
Bit Positions
4,5,6,7 Hex| © 1 2 3 4 5 6 7 8 9 A B c D E F
0000 0 |NUL|DLE| sp | O @ | P ' p
0001 1 |soH|Dct | 1 1 Al al a q
0010 2 [sTx|DC2 ]| ” 2 B R b r
0011 3 [ETX|DC3 | # | 3 c S c s
0100 4 |EOT|DC4 | S 4 D | T d t
0101 5 [ENQ{NAK| % | 5 E U | e u
0110 6 |ACK|SYN| & | 6 F v | f v
0111 7 |BEL |ETB | 7 G | w | g w
1000 8 |BS |CAN| 8 H X h x
1001 9 |HT |EM ) 9 [ Y i y
1010 A |LF [suB | * J z j z
1011 B |vT |ESC | + K| | &k |{
1100 c |FF |Fs , <l v \ :
1101 D |CR [Gs - = M ] m }
1110 E |SO |Rs > N N n ~
1111 F |st |us / ? o} _ | o |DEL
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Main Storage Bit Positions 0, 1, 2, 3
Main Storage 0000| 0001 {0010 001101000101 [0110]{0111 [1000 [1001 |1010 101‘1 1100 1101 [1110 {1111
Bit Positions
4,5,6,7 Hex| 0 1 2 3 4 5 6 7 8 9 A B c D E F
0000 0 |NUL|DLE| DS Pl & | - {1y 1 N]o
0001 1 |SOH | DC1 | sos / a j ~ A j 1
0010 2 [STX |DC2 | FS |SYN b k ] B K S 2
0011 3 |ETX | DC3 [WUS c | t Cc L T 3
0100 4 | SEL | RES [BYP| PP d m u D | M u 4
0101 5 { HT | NL | LF [TRN e n v E N v 5
0110 6 |RNL| BS EoiB NBS f 0 w F o | w 6
0111 7 |DEL | POC PRESC EOT g p x G P X 7
1000 8 |GE |CAN SBS h q y H Q Y 8
1001 9 |RLF [EM IT N i vz I | R |z |9
1010 A |RPT {uBs | SM |REF{ ¢ ! : LVM
1011 B | VT | CU1|FMT|CU3 $ . #*
1100 c |FF [IFS DC4 | < * % @ J A
1101 D |CR |IGS [ENQ|NKA| | ) _ '
1110 E {SO |[IRS JACK + ; > = 1
1M1 F | St IUS |BEL | SUB| | 7 ? " EO
Duplicate Assignment
ONU2318
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absolute value: The numeric value of a real number
irrespective of sign.

address translation registers: Sixty-four 1-byte
registers (32 for program-level tasks and 32 for 1/0
use) that are used to convert the addresses specified by
the program into the main storage addresses in which
the program actually resides.

alternative: Offering or expressing a choice.

assembler: A computer program that prepares an
object program from a source program written in a
symbolic source language in which there is a one to one
correspondence between the instruction formats and
data formats coded and those used by the computer.

batch: A group of jobs to be run on a computer at one
time with the same program.

bidirectional printing: The ability of a printer with a
print head to print successively left to right and right to
left.

buffer: (1) Storage or programming that compensates
for a difference in rate of flow or data, or time of
occurrence of events, when transmitting data from one
part of a computer system to another. (2) An area of
storage that is temporarily reserved for use in
performing an input/output operation, into which data is
read or from which data is written.

control processor: A group of programs that execute
control storage instructions that determine channel data
transfers and main storage allocation.

element: The smallest addressable unit of an array or
table.

error recovery procedure: A set of instructions that
helps to isolate and, where possible, to recover from
equipment errors. The instructions are often used with
programs that record the statistics of machine
malfunctions.

Glossary

execute: To cause a program, utility, instruction, or
other machine function to be performed. During
execution, information is processed according to
machine language instructions to produce the desired
output.

initial program load: A sequence of events that loads
the system programs and prepares the system for
execution of jobs.

integer: A whole number.

invalid character: A character that a machine or
program does not recognize.

keylock: A key-operated switch on the display station,
which can be used to prevent unauthorized users from
operating the system.

keystroke: The act of pressing one key.

logical instructions: Instructions that operate according
to the logic of the system; for example, the compare

logical immediate instruction.

main storage processor: Hardware that executes
system instructions in main storage.

mask: A pattern that controls the keeping, deleting, or
testing of portions of another pattern of characters.

megabyte: One million bytes.

menu: A displayed list of items (usually jobs) from
which the operator makes a selection.

mutually exclusive: Two or more items, only one of
which can be active or true at one time.

null character: A character, hex 00, which blanks the
rest of the print line.

object program: A set of instructions in machine

language. The object program is produced by a compiler
from a source program.
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operand: A quantity of data that is operated on, or the
address in a computer instruction of data to be operated
on.

parameter: (1) A variable that is assigned a particular
value for a specific purpose or process. (2) A value
specified in a command statement or a control
statement.

polling: (1) {(SDLC) A technique by which each of the
stations sharing a communications line is periodically
interrogated to determine whether it requires servicing.
(2) (BSC) In a multipoint environment, an invitation to
send, transmitted from the primary station to a specific
tributary station.

post: To enter a unit of information into a record, or to
note the completion of an event.

register: A storage device or circuit that stores those
limited elements of data required for the immediate
execution of 1/0, storage, processing, and control
functions, or a group of latches or polarity hold circuits
used to store one or two bytes of information.

restore: To bring back or put back into a former or
original state.

sector: An area on a disk track or diskette track
reserved to record a unit of data.

significant digit: For the insert and test characters
instruction, any of the digits 1 through 9.

transient area: An area of main storage or control
storage used for temporary storage of transient routines.

transient routine: A routine that is permanently stored
on disk and is loaded into the transient area when

needed for execution.

twinaxial: A cable made of two twisted wires inside a
shield.
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abortive disconnect, SDLC 9-30
action control element build and queue
SvC 3-78
active state, SDLC 9-23
adapter checks, SDLC 9-30
adapter, data communications

BSC 9-3

SDLC 9-19
add logical characters instruction 3-8
add to register instruction 3-12
add zoned decimal instruction 3-4
Address/Data switches 2-4
address recall register 1-8
address translation registers 1-9
addressing 1-4

base displacement 1-6

direct 1-5

disk 6-7

diskette 8-4, 8-8
AID byte 7-5
alternative sector assignment, disk 6-17
- alternative sector processing, disk 6-17
alternative tracks, disk 6-1
arithmetic machine instructions 3-2
assign supervisor call 3-46
assign system queue space SVC 3-49
asynchronous task ready check SVC 3-71
asynchronous task wait SVC 3-59
audible alarm 7-3
automatic answering 9-2

base displacement addressing 1-6
binary format 1-3
branch on condition instruction 3-35
BSC (binary synchronous communications)
adapter 9-3
character synchronization 9-10
control characters 9-7, 9-8, 9-9
disconnect operation 9-13
enable/disable operation 9-10
error recording 9-16
error recovery 9-14
framing the message 9-10
initialization sequences 9-10
input/output block 9-4
ITB operation 9-12
pad characters 9-9
receive initial delayed operation 9-11
receive initial operation 9-10
receive operation 9-13
status bytes 9-13
transmit and receive operation 9-11
transparent operation 9-13
2-second timeout 9-13
burst mode 1-8

Index

capacity

disk 1-1

main storage 1-1
carriage return command 5-17
CE panel 2-3
CE subpanel 2-3
CE track, disk 6-1
character format 1-3
character set, display station 7-2
character synchronization, BSC 9-10
check conditions and status, diskette 8-9
clear table format command 7-27
clear unit command 7-27
clicker 7-3
command instructions 1-6
command key mode 7-13
command keys 7-8, 7-9

commands
printer 5-13
5251

read input fields 7-20
read screen 7-20
reset operator alert indicators  7-21
save screen 7-19
save tables 7-19
set operator alert indicators 7-20
commands and responses, SDLC 9-21
compare logical characters
instruction 3-30
compare logical immediate
instruction 3-32
console check light 2-2
control characters, BSC 9-7
control commands, 5251 7-19
control field, SDLC frame 9-20
control record field, diskette 8-2
control storage transient scheduler
SvC 3-79
CSIPL switch, disk 6-17
CSIPL, diskette 8-14

_ cycle steal mode 1-8

cylinder
disk 6-1
diskette 8-2

damaged track 8-2
data communications 1-3, 9-1
BSC adapter 9-3
BSC operations 9-10
BSC status bytes 9-13
Data-Phone digital service adapter 9-1
EIA/CCITT interface 9-1
error recording
BSC 9-16
SDLC 9-32

Index
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data communications (continued)
internal clock 9-1
I0CH supervisor call 3-77
modems 9-2
networks 9-1
NRzI 9-31
SDLC adapter 9-19
SDLC operations 9-28
SDLC status bytes 9-29
speciai features 9-1
standard features 9-2
transmission rates 9-1
data formats 1-3
data handling machine instructions 3-14
Data-Phone digital service adapter 9-1
data record field, diskette 8-2
data tracks, disk 6-1, 8-1
direct addressing 1-5
disconnect operation, BSC 9-13
disconnect state, SDLC 9-23

disk

addressing 6-7
capacity 1-1
cylinder 6-1

error recovery 6-17
input/output block 6-3
operations 6-3
sector format 6-2
speed 8-1

status bytes 6-13
surface 6-1

diskette
addressing 8-4, 8-8
cylinder 8-2

damaged track 8-2
error recovery 8-2
initialization 8-2
input/output block 8-4
10S supervisor call 3-75
operations 8-4
sector format 8-2
speed 8-1
status bytes 8-10
surface 8-1
1 drive 8-1
2D drive 8-1
Display/Data switches 2-4
display lights 2-5
display station, 5251
commands 7-19
error recovery 7-33
format table 7-27
input fields 7-32
input/output block 7-15
key functions 7-4
modes 7-12
operational characteristics 7-3
orders 7-21 )
output commands 7-24
output data stream 7-21
physical characteristics 7-1
programming characteristics 7-14
status bytes 7-33

dump main storage/terminate task SVC 3-68

edit instruction 3-18
EIA/CCITT interface 9-1
enable/disable operation
BSC 9-10
SDLC 9-28
error counter table, data communications
BSC 9-17, 9-18
SDLC 9-33, 9-34
error history table, data communications
BSC 9-16
SDLC 9-32
error recording, data communications
BSC 9-16
- SDLC 9-32
error recovery
BSC 9-14
disk 6-17
diskette 8-14
display station 7-33
printer 5-18
event post SVC 3-43
event wait SVC  3-42

field address word 7-27
field control word 7-28

check digit 7-30

resequencing 7-28
field format word 7-28
fixed disk IOS SVC 3-75
flag, SDLC frame 9-19
format command 5-17
format table 7-27
formats, instruction 1-6
forms feed command 5-17
four-digit error codes 7-3
frame check field, SDLC frame 9-21
frame, SDLC 9-19
framing the message, BSC 9-10
free assigned areas SVC 3-47
free current request block SVC 3-45
free key mode 7-12
free page SVC 3-58 .
frequency modulation mode 8-1

general post SVC 3-41
general wait SVC 3-40
get page SVC 3-57

head

disk data 6-1

disk servo  6-1
hexadecimal notation 1-4



1/0 transient request SVC 3-77
IBM 1200 bps integrated modem 9-2
IBM 2400 bps integrated modem 9-2
idle state, SDLC 9-23
Immediate Power Off switch 2-2
inactivity timer, SDLC 9-30
index cylinder, diskette 8-2
index register 1 1-8
index register 2 1-8
information field, SDLC frame 9-20
information transfer format, SDLC 9-21
initialization sequences, BSC 9-10
initialization, diskette 8-2
input fields, 5251 7-32, 7-33
input/output block
BSC 9-4
disk 6-3
diskette 8-4
display station 7-15
printer 5-9
SDLC 9-24
input/output operations 1-9
insert and test characters
instruction 3-20
insert mode 7-14
instruction
action control element build and queue
SvC 3-78
add logical characters 3-8
add to register 3-12
add zoned decimal 3-4
assign SVC 3-46
assign system queue space SVC 3-49
asynchronous task ready check SVC 3-71
asynchronous task wait SVC 3-59
branch on condition 3-35
compare logical characters 3-30
compare logical immediate 3-32
control storage transient scheduler
svC 3-79
data communications IOCH SVC 3-77
diskette 10S SVC 3-75
dump main storage terminate task
SVC 3-68
edit 3-18
event post SVC 3-43
event wait SVC 3-42
fixed disk SVC 3-75
free assigned area SVC 3-47
free current request block SVC 3-45
free page SVC 3-58
general post SVC  3-41
general wait SVC 3-40
get page SVC 3-57
1/0 transient request SVC 3-77
o insert and test characters 3-20
jump on condition 3-37
load address translation registers
SVC 3-51
load index register 3-28
load program mode register 3-39
load register 3-26
log trace information SVC 3-62

instruction (continued)
main storage relocation loader SVC 3-81
main storage transient exit SVC 3-56
main storage transient scheduler
SVC 3-55
move characters 3-16
move hexadecimal character 3-14
move logical immediate 3-22
post action control element SVC 3-61
post action controller status word
SVC 3-50
prepare print buffer SVC 3-72
queue/dequeue SVC 3-53
resource enqueue/dequeue SVC 3-66
scan system queue SVC 3-63
sector enqueue/dequeue SVC 3-73
sense Address/Data switches SVC 3-48
set bits off masked 3-24
set bits on masked 3-23
set program mode register SVC 3-52
set transient area not busy SVC 3-60
store register 3-25
subtract logical characters 3-10
subtract zoned decimal 3-6
supervisor call 3-39
system control block access SVC 3-54
task control block priority queue
svCc 3-70
task post SVC 3-64
task wait SVC 3-65
task work area accesses SVC 3-80
test and set SVC 3-69
test bits off masked 3-34
test bits on masked 3-33
transfer 3-29
transfer control/system transient
SVC 3-44
work station IOCH SVC 3-76
work station printer IOCH SVC 3-76
zero and add zoned 3-2
instruction address register 1-8
instruction formats 1-6
instruction registers 1-8
instruction timings 4-1
instructions
arithmetic 3-2
command 1-6
data handling 3-14
logical 3-30
machine 3-1
one-address 1-6
two-address 1-7
intermediate block checking, BSC 9-3
internal clock, data communications 9-1
interrupt mode 1-8
introduction  1-1
invalid frame, SDLC 9-30
10Bs 1-9
ITB operation, BSC 9-12

jump on condition instruction 3-37
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keyboard 7-1 modified frequency modulation mode 8-1

keyboard key functions 7-4 modulus 10/modulus 11 checking 7-31
keyboard locked mode 7-14 move characters instruction 3-16
keys move hexadecimal character instruction 3-14
display station move logical immediate instruction 3-22
AID request 7-8 MSIPL switch, disk 6-17
cursor motion 7-10 MSIPL, diskette 8-14
editing 7-11 : MSP Running light 2-4
signal 7-7 multipoint networks 9-1
special field 7-12 '
5211 5-1

networks, data communications 9-1
new line command 5-17

lamp test switch 2-5 nonsequenced format 9-22
light NRZI, data communications 9-31
Console Check 2-2
display 2-5
Load 2-1
MSP Running 2-4
Power 2-1 one-address instructions 1-6
Power Check 2-2 op register 1-8
Processor Check 2-2 operating procedures, disk 6-17
Stop 2-4 ) operation time, disk 6-8
System In Use 2-1 operational characteristics
Thermal Check 2-2 ‘ printers 5-4
lights 5251 display station 7-14
5211 operator panel 5-2 operations
5256 operator panel 5-3 data communications
line printer  1-1 BSC 9-10
load address translation registers SDLC 9-28
SVC 3-51 disk 6-3
load index register instruction 3-28 diskette 8-4
Load light 2-1 operator aids, 5251 display station 7-3
load program mode register operator error mode 7-14
instruction 3-39 operator panel, 5211
load register instruction 3-26 keys 5-1
Load switch 2-1 lights 5-2
log trace information SVC 3-62 orders
logical machine instructions 3-30 repeat to address 7-21

set buffer address 7-22

start of field 7-22

start of header 7-21
output commands, 5251

machine instructions 3-1 clear format table 7-27
arithmetic 3-2 clear unit 7-27
data handling 3-14 restore screen 7-25
logical 3-30 restore tables 7-24

main storage capacity 1-1 roll  7-26

main storage data areas, SDLC = 9-27 write data 7-25

main storage relocation loader SVC 3-81 write error  7-26

main storage transient exit SVC 3-56 output data stream

main storage transient scheduler SVC 3-55 display station 7-21

mode printers 5-13
burst 1-8

cycle steal 1-8

display station 7-12
interrupt 1-8

process 1-8

Mode Selector switch 2-4
models, system 1-2
modems 9-2



pad characters, BSC 9-9
parity 1-4
physical characteristics

5211 printer 5-1, 5-2

5251 display station 7-1

5256 printer 5-3, 5-4
point-to-point networks 9-1
post action control element SVC 3-61
post action controller status word
SvC 3-50
Power Check light 2-2
Power light 2-1
power on—no mode set 7-12
Power switch 2-1
prepare print buffer SVC 3-72
presentation position command 5-17

printer
line 1-1
serial 1-1
5211

commands 5-13
error recovery 5-18, 5-22
input/output block 5-9
keys 5-1
lights 5-2
operational characteristics 5-4
output data stream 5-13
physical characteristics 5-1
programming characteristics 5-4
status bytes 5-18, 5-19
terminal unit block 5-5
5256
commands 5-13
error recovery 5-18, 5-27
input/output block 5-9
lights 5-3
operational characteristics 5-4
output data stream 5-13
physical characteristics 5-1
programming characteristics 5-4
status bytes 5-18, 5-24
switches 5-3
terminal unit block 5-5
process mode 1-8 .
Processor Check light 2-2
program load, disk 6-17
program mode register 1-9
program status register conditioning 4-2
programming considerations 4-1

Q register 1-8
queue/dequeue SVC 3-53

rate select, data communications 9-2
read command, 5251 7-19
read control record, diskette 8-9
read data diagnostic, disk 6-9
read data, disk 6-3, 6-8
read data, diskette 8-9
read identification, disk 6-8
read identification, diskette 8-9
read input fields command 7-20
read operations

disk 6-8

diskette 8-9
read screen command 7-20
read verify, disk 6-9
recalibrate, diskette 8-9
receive buffer, SDLC 9-27
receive delayed operation, SDLC 9-29
receive initial operations

BSC 9-10, 9-11

SDLC 9-28
receive operations

BSC 9-13

SDLC 9-28
register

address recall 1-8

instruction address 1-8

op 1-8

program mode 1-9

Q 1-8
registers

address translation 1-9

index 1-8

instruction 1-8
repeat to address order 7-21
reset operator alert indicators
command 7-21
resource enqueue/dequeue SVC 3-66
response mode, SDLC 9-23
restore screen command 7-25
restore tables command 7-24
roll command 7-26

save screen command 7-19
save tables command 7-19
scan read data, disk 6-3
scan read high or equal, disk 6-11
scan read low or equal, disk 6-11
scan system queue SVC 3-63
SDLC (synchronous data link control)
adapter 9-19
commands and responses 9-21
enable/disable operation 9-28
error recording 9-32
frame 9-19, 9-20
input/output block 9-24
main storage data areas 9-27
NRZI transmission coding 9-31
operations 9-28
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SDLC (synchronous data link control) (continued) supervisor call (continued)

receive operations 9-28 general post 3-41
response modes 9-23 general wait 3-40
status bytes 9-29 get page 3-57
transmission states 9-23 I/0 transient request 3-77
transmit operations 9-28 load address translation registers 3-51
zero bit insertion/deletion  9-30 log trace information 3-62
sector enqueue/dequeue SVC 3-73 main storage relocation loader 3-81
sector format, disk 6-2 main storage transient exit 3-56
sector format, diskette 8-3 main storage transient scheduler 3-55
seek, diskette 8-8 ) post action control element 3-61
sense Address/Data switches SVC 3-48 post action controller status word 3-50
sequential sector addressing, disk 6-7 prepare print buffer 3-72
serial printer 1-1 queue/dequeue 3-53
servo tracks, disk 6-1 resource enqueue/dequeue 3-66
set bits off masked instruction 3-24 scan system queue 3-63
set bits on masked instruction 3-23 sector enqueue/dequeue 3-73
set buffer address order 7-22 sense Address/Data switches 3-48
set operator alert indicators set program mode register 3-53
command 7-20 set transient area not busy 3-60
set program mode register SVC 3-52 system control block access 3-54
set transient area not busy SVC 3-60 task control block priority queue 3-70
size, disk storage 6-1 task post 3-64
special features, data communications 9-1 task wait 3-65
speed task work area accesses 3-80
disk 6-1 " test and set 3-69
diskette 8-1 transfer control/system transient 3-44
standard features, data work station IOCH 3-76
communications 9-1 work station printer IOCH 3-76
start of field order 7-22 supervisory format, SDLC 9-22
start of header order 7-21 surface
Start switch 2-4 disk 6-1
station address, SDLC frame 9-19 diskette 8-1
status bytes SVC (see supervisor call)
BSC 9-13 switch
disk 6-13 Address/Data 2-4
diskette 8-10, 8-12 diskette
display station 7-33 CSIPL 8-18
printer 5-18 MSIPL 8-14
SDLC 9-29 Display/Data 2-4
Stop light 2-4 Immediate Power Off 2-2
Stop switch 2-4 Lamp Test 2-5
storage size, disk 6-1 Load 2-1
store register instruction 3-25 Mode Selector 2-4
subtract logical characters Power 2-1
instruction 3-10 Start 2-4
subtract zoned decimal instruction 3-6 Stop 2-4
supervisor call 3-39 toggle 2-4
action control element build and queue 3-78 ’ switched network backup 9-3
assign 3-46 switches, 5256 5-3
assign system queue space 3-49 ’ system control block access SVC 3-b4
asynchronous task ready check 3-71 System In Use light 2-1
asynchronous task wait 3-59 system models 1-2
control storage transient scheduler 3-79 . system request mode 7-13

data communications IOCH 3-77
diskette 10S 3-75

dump main storage terminate task 3-68
event post 3-43

event wait 3-42 task control block priority queue SVC 3-70
fixed disk I0S 3-75 task post SVC 3-64 :

free assigned area 3-47 task wait SVC 3-65

free current request block 3-45 task work area accesses SVC 3-80

free page 3-58 terminal unit block, printers 5-5

test and set SVC 3-69
test bits off masked instruction 3-34



test bits on masked instruction 3-33

Thermal Check light 2-2

timings, instruction 4-1

toggle switches 2-4

transfer control/system transient SVC 3-44
transfer instruction 3-29

transient state 9-23

transmission codes, BSC 9-3

transmission data rates, data communications 9-1
transmission states, SDLC 9-13

transmit and receive operations, BSC 9-11, 9-12
transmit buffer, SDLC 9-27

transmit final operation, SDLC 9-28

transmit only operation, SDLC 9-28

transparent operation, BSC 9-13

transparent text mode, BSC 9-3

two-address instructions  1-7

work station (see display station, 5251; printer, 5256)
work station IOCH SVC 3-76

work station printer IOCH SVC 3-76

write control record, diskette 8-9

write data
disk 6-3, 6-11
diskette 8-9

write data command 7-25
write error command 7-26
write identification, diskette’ 8-9
write operations

disk 6-11
diskette 8-9
XR1 1-8
XR2 1-8

zero and add zoned instruction 3-2
zero bit insertion/deletion, SDLC  9-30

1 drive, diskette 8-1

1200 bps integrated modem 9-2

2-second timeout, BSC 9-13

2D drive, diskette 8-1

2400 bps integrated modem 9-2

5211 printer (see printer, 5211)

5251 display station (see display station, 5251)
5256 printer (see printer, 5256)
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Index of Machine Instructions by Machine Code Sequence

04 xx
06 xx
07 xx
08 xx
0A xx
OB xx
0C xx
0D xx
0E xx
OF xx

14 xx
16 xx
17 xx
18 xx
1A xx
1B xx
1C xx
1D xx
1E xx
1F xx

24 xx
26 xx
27 xx
28 xx
2A xx
2B xx
2C xx
2D xx
2E xx
2F xx

34 01
34 02
34 04
34 08
34 10
34 20
35 01
35 02
35 04
35 08
3510
3520

zero and add zoned 3-2

add zoned decimal 34

subtract zoned decimal  3-6

move hexadecimal character 3-14
edit 3-18

insert and test characters  3-20
move characters 3-16

compare logical characters  3-30
add logical characters 3-8
subtract logical characters 3-10

zero and add zoned  3-2

add zoned decimal 34

subtract zoned decimal  3-6

move hexadecimal character 3-14
edit 3-18

insert and test characters  3-20
move characters 3-16

compare logical characters  3-30
add logical characters 3-8
subtract logical characters 3-10

zero and add zoned 3-2

add zoned decimal 34

subtract zoned decimal 3-6

move hexadecimal character 3-14
edit 3-18

insert and test characters 3-20
move characters 3-16

compare logical characters  3-30
add logical characters 3-8
subtract logical characters 3-10

store index register 1 3-25

store index register 2 3-25

store program status register  3-25
store address recall register  3-25
store instruction address register  3-25
store instruction address register 3-25
load index register 1 3-26

load index register 2  3-26

load program status register  3-26
load address recall register  3-26

load instruction address register 3-26
load instruction address register  3-26

36 01
36 02
36 04
36 08
36 10
36 20
38 xx
39 xx
3A xx
3B xx
3C xx
3D xx

44 xx
46 xx
47 xx
48 xx
4A xx
4B xx
4C xx
4D xx
4E xx
4F xx

54 xx
56 xx
57 xx
58 xx
5A xx
5B xx
5C xx
5D xx
B5E xx
5F xx

64 xx
66 xx
67 xx
68 xx
6A xx
6B xx
6C xx
6D xx
6E xx
6F xx

add to index register 1 3-12

add to index register 2 3-12

add to program status register 3-12
add to address recall register 3-12

add to instruction address register  3-12
add to instruction address register 3-12
test bits on masked  3-33

test bits off masked 3-34

set bits on masked  3-23

set bits off masked 3-24

move logical immediate 3-22

compare logical immediate  3-32

zero and add zoned 3-2

add zoned decimal 34

subtract zoned decimal  3-6
move hexadecimal character 3-14
edit 3-18

insert and test characters  3-20
move characters 3-16

compare logical characters  3-30
add logical characters 3-8
subtract logical characters 3-10

zero and add zoned  3-2

add zoned decimal 34

subtract zoned decimal  3-6

move hexadecimal character 3-14
edit 3-18

insert and test characters  3-20
move characters 3-16

compare logical characters 3-30
add logical characters 3-8
subtract logical characters 3-10

zero and add zoned 3-2

add zoned decimal 3-4 &
subtract zoned decimal 3-6

move hexadecimal character 3-14

edit 3-18

insert and test characters  3-20

move characters  3-16

compare logical characters 3-30

add logical characters 3-8

subtract logical characters 3-10



74 01
74 02
74 04
74 08
74 10
74 20
75 01
75 02
75 04
75 08
75 10
75 20
76 01
76 02
76 04
76 08
76 10
76 20
78 xx
79 xx
TA xx
7B xx
7C xx
7D xx

84 xx
86 xx
87 xx
88 xx
8A xx
8B xx
8C xx
8D xx
8E xx
8F xx

94 xx
96 xx
97 xx
98 xx
9A xx
9B xx
9C xx
9D xx
9E xx
9F xx

Ad xx
AB xx
A7 xx
A8 xx
AA xx
AB xx
AC xx
AD xx
AE xx
AF xx

store index register 1 3-25

store index register 2  3-25

store program status register  3-25
store address recall register  3-25
store instruction address register  3-25
store instruction address register  3-25
load index register 1 3-26

load index register 2 3-26

load program status register  3-26
load address recall register  3-26

load instruction address register  3-26
load instruction address register  3-26
add to index register 1 3-12

add to index register 2 3-12

add to program status register  3-12
add to'address recall register  3-12
add to instruction address register  3-12
add to instruction address register  3-12
test bits on masked 3-33

test bits off masked 3-34

set bits on masked  3-23

set bits off masked 3-24

move logical immediate  3-22
compare logical immediate  3-32

zero and add zoned  3-2

add zoned decimal 34

subtract zoned decimal  3-6

move hexadecimal character 3-14
edit 3-18

insert and test characters  3-20
move characters 3-16

compare logical characters  3-30
add logical characters 3-8
subtract logical characters  3-10

zero and add zoned 3-2

add zoned decimal 34

subtract zoned decimal  3-6

move hexadecimal character 3-14
edit 3-18

insert and test characters  3-20
move characters 3-16

compare logical characters  3-30
add logical characters 3-8
subtract logical characters  3-10

zero and add zoned  3-2

add zoned decimal 34

subtract zoned decimal  3-6

move hexadecimal character 3-14
edit 3-18

insert and test characters  3-20
move characters 3-16

compare logical characters  3-30
add logical characters 3-8
subtract logical characters 3-10

B4 01 store index register 1 3-25

B4 02 store index register 2  3-25

B4 04 store program status register 3-25
B4 08 store address recall register  3-25

B4 10 store instruction address register  3-25
B4 20 store instruction address register  3-25

B501 load index register 1  3-26

B5 02 load index register 2  3-26

B5 04 load program status register  3-26
B5 08 load address recall register  3-26

B5 10 load instruction address register  3-26
B5 20 load instruction address register  3-26

B6 01 add to index register 1 3-12

B6 02 add to index register2  3-12

B6 04 add to program status register  3-12
B6 08 add to address recall register  3-12

B6 10 add to instruction address register 3-12
B6 20 add to instruction address register  3-12

B8 xx test bits on masked 3-33

B9 xx testbits off masked 3-34

BA xx set bits on masked 3-23

BB xx set bits off masked 3-24

BC xx move logical immediate 3-22
BD xx compare logical immediate  3-32

CO xx branch on condition 3-35
C2 00 load index register 2  3-28
C201 load index register 1 3-28
C2 02 load index register 2  3-28
C2 03 load index register 1 3-28

DO xx branch on condition 3-25
D200 load index register 2  3-28
D201 load index register 1 = 3-28
D202 load index register 2 = 3-28
D203 load index register 1 3-28

EO xx branch on condition 3-35
E2 00 load index register 2  3-28
E2 01 load index register 1  3-28
E2 02 load index register 2  3-28
E2 03 load index register 1  3-28

F2 xx jump on condition  3-37

F4 xx supervisor call 3-39

F2 xx 00 xx xx general wait 340

F4 00 01 xx xx general post 3-41

F4 xx 02 event wait 342

F4 xx 03 xx xx event post 343

F4 xx 04 xx transfer control/system transient
F4 00 05 free current request block = 345
F4 xx 06 xx xx xx assign = 3-46

F4 xx 07 xx xx xx free assigned areas 347
F4 xx 09 sense Address/Data switches 3-48
F4 xx OA xx assign system queue space  3-49

344
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F4 00 OB xx post action controller status word  3-50
.F4 00 0C load address translation registers  3-51
F4 00 0D xx xx set program mode register  3-52
F4 00 OE xx xx xx queue/dequeue 3-53
F4 00 OF xx xx system control block access 3-54
F4 xx 10 xx xx  main storage transient scheduler  3-55
F4 00 11 main storage transient exit 3-56
F4 xx 12 xx xx xx get page 3-57
F4 0013 free page 3-58
F4 00 17 xx asynchronous task wait = 3-59
F4 00 18 set transient area not busy  3-60
F4 00 19 xx xx  post action control element 3-61
F4 00 1A log trace information  3-62
F4 00 1B xx xx  scan system queue  3-63
F4 00 1D xx task post 3-64
F4 xx 1E xx task wait 3-65
F4 xx 21 xx  resource enqueue/dequeue  3-66
F4 00 22 xx xx dump main storage/terminate task  3-68
F4 xx 23 xx testand set 3-69
F4 00 24 xx task control block priority queue  3-70
F4 00 25 asynchronous task ready check  3-71
F4 00 26 prepare print buffer 3-72
F4 xx 29 sector enqueue/dequeue  3-73
F4 xx 40 fixed disk 1I0S  3-75
F4 xx 41 diskette I0S  3-75
F4 xx 42 work station printer IOCH  3-76
F4 xx 43 work station IOCH  3-76
F4 xx 44 data communications IOCH  3-77
F4 xx 45 1/O transient request  3-77
F4 xx 4C xx action control element build and queue  3-78
F4 xx 50 xx xx xx  control storage transient scheduler  3-79
F4 xx 51 xx xx xx  task work area accesses  3-80
F4 xx 52 xx  main storage relocation loader  3-81
F5 xx transfer 3-29
F6 xx load program mode register  3-39
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