





















































































































































































































































READ COMMANDS

Execution of a read command results in
transfer of information from the 2311 to
main storage. On all read commands, the
DAC checks (with the cyclic-check bytes)
the validity of each area of a record as
the record is read from a track. A parity
bit is added to each byte as it is sent to
the CPU.

If a data check is detected, the command
is terminated at the end of the field in
which the error occurs. The appropriate
sense bits are set (i.e., data check in
count field and/or data check) and
unit-check, channel-end, and device-end are
set in the CSW. Note that a data check is
not set for the key field in a read data
command. Also, data check is not set for
an HA field on a read RO command.

If an overrun is detected, the operation
is terminated and unit-check, channel-end,
and device-end are set in the CSW.

No read command needs to be preceded by
any other CCW to be executed although read
commands are normally chained from search
commands. Read IPL, however, cannot be
preceded by a set file mask command in the
same chain.

Read Home Address (Read HA) (1A-93)

This command (Figure 32) causes the DAC to
search for the index point. Detection of
the index point causes the flag, cylinder,
and head bytes of home-address information
to be transferred from the 2311 to CPU
storage. Five bytes should be transferred,
including the flag byte. If the channel
count is less than five, only that number
of bytes is transferred.

Chaining requirement: None.

r -
| Read HA Command Code |
t T e I 1
|Decimal |Hexadecimal |Binary |
F t ¥ -1
126 |1A ]00011010 |
L 1 1 J
- 1
|Read HA Command Code Multiple Track |
L Jd
13 T T 1
|Decimal |Hexadecimal |Binary |
t t ¥ 1
|154 | 9A 110011010 ]
L L L J
Figure 32. Read Home Address Command Codes

Read Count (12-92)

This command (Figure 33) causes bytes 1
through 8 of the count area following the
next address marker to be transferred from
the 2311 to main storage. The number of
bytes of information to be read should
always be eight. If the channel count is
less than eight, only that number of bytes
is transferred.

Chaining requirement: None. The count
area of RO cannot be read by a read-count
command because RO has no address marker.

Read Count Command Code

-—-—a

T T
|Decimal |Hexadecimal |Binary
1

}______-_

|18
L

b e e e s e e

e -

4
12 100010010
1

r -
|Read Count Command Code, Multiple-Track

T T -
|Decimal |Hexadecimal |Binary
L KN

-4
T T

e s e e e

b
[146 92 110010010
L

[
i 1

Figure 33. Read Count Command Codes

Read Record Zero (Read R0O) (16-96)

This command (Figure 34) causes the DAC to
search for the index point. Detection of
the index point causes the DAC to read
(internally) the home address and the
following gap. When these areas have been
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passed, record RO (count, key, and data) is
transferred from the 2311 to main storage.

Chaining Requirement: None. A Read RO
command chained from a Search HA or Read HA
is executed immediately and does not cause
a search for index marker.

r A
| Read RO Command Code |
p————y——- T 1
|Decimal |Hexadecimal |Binary |
L 4 Jd
r - T 1
| 22 |16 00010110 |
L 1 1 J

]
| Read RO Command Code Multiple-Track

e o

T
|Decimal |Hexadecimal |Binary
4

T R eRRAp S |

+
150 |96 110010110
L 1

Read Track-Descriptor Record
(RO) Commands Codes

Figure 34.

Read Data (06-86)

A read data command (Figure 35) transfers
the data area of a record from the 2311 to
main storage.

The data area to be transferred is
either of the following:

1. The data area of the record following
the next address marker encountered on
the track.

2. The data area of a record that has been
command chained from an operation on
the count or key areas of the same
record.
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Chaining requirement: None. The data
area of record 0 cannot be read by the read
data command.

Read Key and Data (DE-8E)

This command (Figure 35) transfers the key
and data areas of a record from the 2311 to
main storage. If key length is zero, this
command operates like a read-data command.
The key and data areas to be transferred
are from either of the following:

1. The key and data areas of the record
following the next address marker
encountered on the track.

2. The key and data areas of a record that
has been command chained from an
operation on the count area of the same
record.

Chaining requirement: None. The key

and data areas of record 0 cannot be read
by a read key and data command.

Read Count, Key, and Data (1E-9E)

This command (Figure 35) transfers the
entire record (count, key, and data)
following the next address marker (AM) from
the 2311 to main storage. Record 0 is
bypassed because it is not preceded by an
address marker.

Chaining requirement: This command is
normally chained from a search for the ID
of the preceding record. The count, key,
and data areas of record 0 cannot be read
by a read count, key, and data command.



Read Data
Read Key and Data

63

[ Command Code Data Address I Flags I 000 m Count
0 7 8 31 32 36 37 47 48
T T T T —
Specifies CPU storage locations to which key or key Specifies number of bytes to
and data fields are to be transferred. After the be transferred. May be less than
command is executed, CPU storage contains: entire data or key and data length.
l Key Area [ Data Area
Specified
Location

Read Count, Key and Date

rCommand Code Data Address

0 78 31 32 36
e ——————— —————

Specifies CPU storage location to
which count key, and data areas
are to be transferred. After trans-

fer, CPU storage contains:

MO -

48

63

Specifies number of bytes to be

transferred to CPU storage. May

be less than entire record length.

LN T T T T T T
. Count Area . Key { g Area Data g{ Area
1 1l 1 1 1
Read Data Command Codes
Decimal Hexadecimal Binary
Read Data 06 06 00000110
Read Key & Data 14 OE 00001110
Read Count, Key & Data 30 1E 00011110
Read Data Command Codes, Multiple Track
Decimal Hexadecimal Binary
Read Data 134 86 10000110
Read Key & Date 142 BE 10001110
Read Count, Key & Data 1568 9E 10011110

Figure 35. Read Data, Read Key Data, and Read Count Key Data Command Codes
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Read IPL (Initial Program Load) (02)

The read IPL command (Figure 36) causes the
addressed 2311 to seek to cylinder-0
head-0. The DAC then searches for index
point. After index point is detected, the
read IPL command operates as if it were a
read data command. The data area to be
read is in the first record after RO.

The IPL operation is initiated when the
load key on the system console is pressed.

Chaining requirement: The read IPL
command cannot operate on record 0. A read
IPL cannot be preceded by a set file mask
command in the same command chain.

. -
| Read IPL Command Code

T
| Decimal| Hexadecimal
p-——-———~+

I 02 | 02
L L

1
I
4
4
Binary |
i
1
0000 0010}

J

I — e

Figure 36. Read IPL Command Code

WRITE COMMANDS

A write command is used to transfer
information from CPU storage to a specified
2311. A write command is normally command
chained from a successful search command to
ensure that the area to be written is the
correct one. If a write command is not
chained from a successful search command,
and invalid sequence condition is set in
the CSW, and the write operation is not
initiated.

The Write CCW specifies the CPU storage
location of the information to be
transferred and the number of bytes to be
transferred. This command transfers the
specified number of bytes and writes them
on the addressed direct-access storage
device. When the transfer is complete, the
DAC generates cyclic-check bytes, appends
then to the information just transferred,
and signals chamnel-end and device-end.

If the new data area is shorter than the
data area written when the track was
formatted, the DAC writes valid zeros in
the remainder of the data area. A data
check in record areas that must be passed
over but not written terminates any write
command before data is written.

To verify that data was written

correctly and can be retrieved correctly, a
read operation is recommended after each
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write operation while the original data is
still available in main storage. The
programmer should provide a satisfactory
means for recovering from a data error if
the read operation is not used after
writing.

Write commands can be grouped into
formatting-write commands (used to
initialize tracks) and data-write commands.

Formatting-Write Commands

A format-write command is used to
initialize tracks and records and to
establish the lengths of the areas within
each record. If a command other than a
format write is command chained from a
format-write command, the DAC retains the
command and executes it after the track has
been erased and the index marker detected.

Detection of a parity check or an
overrun condition during a format-write
operation causes a unit-check to be
signaled to the CPU at the end of the
operation. The DAC writes valid zeros from
the time the overrun condition is detected
until the end of the record.

Write Home Address ([Write HA (19)]

This command causes the DAC to search for
the index marker (Figure 37). When the
index marker is detected, the specified
data is transferred from CPU storage to the
2311. The DAC transfers the five bytes of
home-address data from the CPU and adds two
bytes of cyclic check. At this point,
channel-end and device-end are signaled.

If the CCW count is less than five, the
DAC records valid zeros until five bytes
have been written. If the CCW count is
greater than five, the DAC transfers only
the first five bytes of information from
CPU storage. A Write HA command is
normally used to establish track identity
within a storage device. Each track must
be initialized with a home address before a
data operation involving that track can
take place.

Chaining requirement: Execution of this
command depends upon a correct set file
mask command preceding it in the same
command chain.



Write Track-Descriptor Record [Write RO
(15)1

This command transfers the specified data
from CPU storage to the 2311 (Figure 38).

The first eight bytes transferred from
CPU storage make up the count area. The
flag byte is generated by the DAC. The
remaining data is written in the key and
data areas as specified by the key length
and data length stated in the count area.
The DAC writes the correct cyclic check at
the end of each area. Channel-end and
device-end are signaled after the cyclic
check for the data area is written.

The CCW count field (bits U8-66)
specifies the number of bytes to be
transferred from CPU storage. The count
should be eight (bytes) plus key length
plus data length. If the CCW count
specifies a shorter area than the one
written when the track was formatted, the
DAC fills in the remainder with valid
zeros.

Chaining requirement: This command must
be chained from a successful search HA or
from a write HA.

Write HA
Fommand Code Data Address | Flags I 000 Count I
0 78 31 32 36 63
Usually &
(0000000000000101)
Specifies CPU storage
location from which five
bytes of home address are
to be transferred.
e
I ™
T T
I Flag Byte | Cylinder Number Head Number I
L N
0 1 2 3 4 5
* Home Address
Specified
Location

Write Home Address Command

Decimal Hexadecimal Binary

25 19 0001 1001

Figure 37. Write Home Address Command Code
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Write Rq

Command Code Data Address

Flags

000 Count

0 78 31
— _J
~
Specifies CPU storage location from which count, key, and
data bytes are to be transferred. Key and data field lengths

are specified in the count area.

Write Rg Command Code

Decimal Hexadecimal Binary

21 15 0001 0101

32

36 48 63
Specifies total R field lengths
count (eight bytes, plus key

iength, plus data length.

Data
Length

Cylinder
No.

Key

Head No. Len.

Key gg Field

Data jg Field

Cylinder Head Rec. | Ke Data Cyclic Cyclic Cycli
Flag Y Y . Y . yclic
No. No. |No. {Len.| Length | Check Ke"33 Field | check DatagoField | check

Count Area Gap Key Area Gap Data Area
Figure 38. Write Record Zero (RO) Command Code

Write Count, Key and Data (ID)

This command transfers the specified data
from CPU storage to the 2311 (Figure 39).
The DAC writes an address marker
immediately before the count area.

The first eight bytes transferred from
CPU storage make up the count area. The
flag byte is generated by the DAC. The
remaining data is written in the key and
data areas as specified by the key length
and data length stated in the count area.
The DAC writes the correct cyclic check at
the end of each area. Channel end and
device end are signaled after the cyclic
check for the data area is written.

The CCW count field (bits 48-63)
specifies the number of bytes to be
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transferred from CPU storage. The count
should be eight (bytes) plus key length
plus data length. If the CCW count
specifies a shorter area than the one
written when the track was formatted, the
DAC fills in the remainder with valid
ZEeros.

Chaining requirement: This command must
be chained from a successful Search Equal
Identifier or Search Equal Key command, or
from a Write RO or another Write Count, Key
and Data command. The search must not be a
truncated search, or one in which the CCW
count is less than the length of the area.
A Read Data or a Read Key and Data CCW may
be inserted between a Search CCW and a
Write Count, Key and Data CCW.



Write Count, Key and Data

T T ——

Specifies CPU storage location from which count, key
and data bytes are to be transferred. Key and data
field lengths are specified in the count area.

Specifies total of all field lengths;
count (eight bytes), plus key
length, plus data length

Write Count Key, and Data Command

Decimal Hexadecimal Binary

28 0 00011101

Cylinder
No.

Head No.

Field Data i Field

T T - =
Cylinder Head Rec. | Key Data Cyclic Field Cyclic t Field Cyclic
Flag | "o No. |No. |Len.| Length | Check Key gg 91 Check Data g) Field 1 check
[
Address Count Area Gap Key Area Gap Data Area
Marker
Figure 39. Write Count, Key, and Data Command Code

Erase (11)

This command is used to erase the end of a
track after a track overflow has occurred
(Figure 40).

During execution of this command, no
address marks are written. Data is written
on the selected storage device, but cannot
be recovered.

The DAC remains busy during execution of
this command.

Chaining requirement: This command must
be chained from a successful Search Equal
Identifier or Search Equal Key command, or
from a Write RO or a Write Count, Key, and
Data command. The search must not be a
truncated search, or one in which the CCW
count is less than the length of the area
to be searched. A Read Data or a Read Key
and Data CCW may be inserted between a
Search CCW and an Erase CCW.

Erase Command Code

T
Decimal| Hexadecimal Binary
EN

17 11 0001 0001

[ e g e s e
-
e s . e

J

Figure 40. Erase Command Code

Data-Write Commands

A data-write operation is used for normal
record updating after the track has been
formatted. Detection of a parity check or
an overrun condition causes a unit-check to
be signaled to the CSW at the completion of
the command. A data check that occurs in
record areas that must be passed over but
not written, terminates any write command
before data is written.
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Write Data (05)

This command (Figure 41) transfers the
specified data from CPU storage to the
2311. Writing occurs only in the data area
of the record. The number of bytes to be
written is specified by the Write Data CCW
and may be less than the data length
specified in the count area when the record
was formatted. If the CCW count specifies
a shorter data area than the one written
when the track was formatted, the DAC fills
in the remainder with valid zeros. When
the number of bytes specified by the CCW
has been written on the direct access
storage device, the DAC appends the cyclic
check and signals channel-end and
device-end.

Chaining requirement: A Write Data
command must be chained from a successful
Search Equal Identifier command or from a
Search Equal Key command. An
invalid-sequence condition is signaled if
the Write Data command is not properly
chained. The Search command preceding the
Write Data command must not be truncated.

Write Data Command Codes

Decimal Hexadecimal Binary
Write Data 05 05 00000101
Write Key & Data 13 oD 00001101

Write Data
Write Key & Data

Command Data Address |Flags Count
Codes
0 78 31 32 36 48 63
— N \ — — N -~

The CCW count field specifies
the number of bytes to be
transferred.

Specifies CPU storage location
from which data or key and
data fields are to be transferred.

Write Data and Write Key and
Data Command Codes

Figure 41.

Write Key and Data (OD)

This command (Figure 37) transfers the
specified data from CPU storage to the
2311. Writing occurs in the key area and
data area of the record. The number of
pytes to be written is specified by the
Write Key and Data CCW. The lengths of the
key and data areas may be less than the
lengths specified in the count area when
the record was formatted; the DAC fills in
the remainder with valid zeros.
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The number of bytes specified in the CCW
count should be key length plus data
length. If the record was formatted with a
key length of zero, this command causes the
number of bytes specified in the CCW count
to be written in the data area, as in a
write-data command. If a key area is
needed in a record formatted without one,
the record must be re-formatted.

When the number of bytes specified in
the CCW has been written on the
direct-access storage device, the DAC
appends the cyclic check and signals
channel-end and device-end.

Chaining requirement: A Write Key and
Data command must be chained from a
successful Search Equal Identifier command.
An invalid-sequence condition is signaled
to the CPU. The Search command preceding
the Write Key and Data command must not be
truncated.

SEARCH COMMANDS

The purpose of a Search command is to
locate and identify information or areas
previously written on a 2311. During a
search operation, the CPU operates in a
write mode, sending information form CPU
storage to DAC, while the DAC operates in a
read mode, accepting information from the
addressed 2311. The DAC compares the
information coming from the 2311 with the
information coming from CPU storage. The
DAC remains busy during the execution of
any search command.

If the search condition is satisfied, a
status-modifier indication is sent, and the
next CCW in the command chain is read from
a position sixteen positions higher than
the current (Search) CCW. This allows
modification of a command chain as a
function of the data recorded on the 2311.

On all search commands, command code bit
0 determines whether this is to be a
multiple-track operation; that is, whether
switching to the next read/write head is
the cylinder is to occur when the index
marker is detected. If bit 0 is not set
(0), head switching does not take place; if
bit 0 is set (1), head switching does take
place. If head switching has occurred, the
next track is used if the search command is
repeated. This allows for sequential
searching of an entire cylinder by
repeating the search command once for each
record to be searched.

The following command chain illustrates
the procedure for reading a record



identified by a key stored at location a in
the CPU.

Command Chain Function

Compare key with search
argument.

Search Key a

TIC* -8 Transfer back to search.
Read data area if status
modifier was returned from
search.

Read Data B

Search Home Address Equal (Search HA)
(39-B9)

This command (Figure 42) causes the DAC to
search for the index marker, then compare
four bytes of home-address data coming from
CPU storage with four bytes of home-address
data coming from the 2311. The flag byte
is not transferred or compared during the
execution of this command.

r
| Search Home Address
|Equal Command Code
b= yommm——m -
|Decimal |Hexadecimal |Binary

.
|MT Bit Off| 57

b= +
|MT Bit on | 185
L L

v e e . . el

39 0011 1001

4

4
1011 1001}
-

B9

-—+—+
e — -

Operation Codes for Search Home
Address Equal Command

Figure 42.

If a logical comparison is equal,
channel-end, device-end, and
status-modifier are signaled to the CPU.
If the logical comparison is unequal, then
channel-end and device-end are signaled.

If the CCW count is greater than four
bytes, the search operation is completed
when the DAC count equals zero. The DAC
terminates the command with a channel-end
and device-end. The status modifier is
generated if the logical comparison was
satisfied.

If the CCW count is less than four
bytes, the logical comparison between the
data coming from CPU storage and the data
coming from the 2311 continues until the
CCW count reaches zero. At the time the
DAC count reaches zero, a channel-end and
device-end are generated. A status
modifier is generated if the search
condition was satisfied on the short field.

If a parity check, overrun, or data
check is detected, unit-check, channel-end,
and device-end signals are signaled to the
CPU at the completion of the command.

A Search Home Address command does not

have to be preceded by any other CCW to be
executed.

Search Identifier (Search ID)

Search ID commands (Figure 43) cause a
comparison to be made between five bytes of
data from CPU storage and the five-byte
record identifier portion (Figure 44) of a
count area from the 2311.

Search {D Command Code
Command
Decimal Hexadecimal Binary
Search ID Equal 49 31 00110001
Search ID High 81 51 01010001
Search ID Equal
or High 113 M 01110001
Search ID Multipule Track Command Code
Command
Decimal Hexadecimal Binary
Search ID Equal 177 B1 10110001
Search ID High 209 D1 11010001
Search ID Equal
or High 241 F1 11110001
Figure 43. Search ID Command Codes
Record ldentifier
e
Cylinder Head Rec. Key Cyclic
Fi; ta Len.
29 No. No. No. Len. Data Len Check
\ J
~
Count Area
Figure 44, Identifier (ID)

If the CCW count is greater than five
bytes, the search operation is completed
when the DAC count equals zero. The DAC
terminates the command with a channel-end
and device-end. The status modifier is
generated if the logical comparison was
satisfied.

If the CCW count is less than five
bytes, the logical comparison between the
data coming from core storage and the data
coming from the 2311 continues until the
CCW count reaches zero. When the DAC count
reaches zero, a channel-end and device-end
are generated. A status modifier is
generated if the search condition was
satisfied on the short field.
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If a parity check, overrun, or data
check is detected during a search-ID
operation, unit-check, channel-end, and
device-end signals are generated at the
completion of the command.

A Search ID command does not have to be
preceded by any other CCW to be executed.

If command code bit 0 (multiple track)
is 0, the search is confined to one track.
It can be repeated until either the search
condition is satisfied or until two index
markers are sensed, at which time
unit-check (no record found), channel-end,
and device-end signals are generated.

If the multiple track bit is a 1, the
search can be repeated until the search
condition is satisfied or until the
end-of-cylinder is detected. At this time
a unit-check (end-of-cylinder) signal is
generated.

Search ID Equal (31-B1)

This command is used to compare the ID from
the 2311 with the ID from CPU storage, and
indicates, when it is satisfied, that the
ID from the 2311 is equal to the ID from
CPU storage.

Search ID High (51-D1)

This command is used to compare the ID from
the 2311 with the ID from CPU storage, and
indicates, when it is satisfied, that the
ID from the 2311 is higher than the ID from
CPU storage.

Search ID Equal or High (71-F1)

This command is used to compare the ID from
the 2311 with the ID from CPU storage, and
indicates, when it is satisfied, that the
ID from the 2311 is either equal to or
higher then the ID from CPU storage.

Search Key

A search-key command (Figure 45) causes the
DAC to compare a key area from CPU storage
with a key area read from the 2311. The
key to be searched is either the key of the
record following the next address marker,
or, if this command is chained from a
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read-count or search ID command, the key
searched is in the same record in which the
ID is read or searched. A search-key
command passes over RO unless chained from
a search ID command that has searched the
ID of RO.

Search Key Command Codes
Command
Decimal Hexadecimal Binary
Search Key Equal 41 29 00101001
Search Key High 73 49 01001001
Search Key Equal
or High 105 69 01101001
Search Key Command Codes, Multipie Track
Command
Decimal Hexadecimat Binary
Search Key Equal 169 A9 10101001
Search Key High 201 c9 11001001
Search Key Equal
or High 233 E9 11101001

Figure 45. Search Key Command Codes

1f the CCW count is greater than the key
length written when the track was
formatted, the search operation is
terminated with the number of bytes
specified by the key length in the count
area transferred to the DAC. If the search
has not yet been successful, the DAC then
terminates the operation and signals
channel-end and device-end. A
status-modifier signal is sent with
channel-end and device-end at any time the
search is successful and the search
conditions are satisfied.

If the CCW count is less than the key
length written when the track was
formatted, the search operation is
terminated when the number of bytes
specified by the CCW have been transferred
to the DAC. If the search has not yet been
successful, the DAC terminates the
operation and signals channel-end and
device-end. A status-modifier signal is
sent with channel-end and device-end at any
time the search is successful and the
search conditions are satisfied. If an
overrun condition is detected, the
operation is terminated and the cause is
signaled immediately. If a parity check or
data check occurs, unit-check, channel-end,
and device-end are signaled at the end of
the area in which the error occurred.

A search-key command does not have to be
preceded by any other CCW to be executed.

If the multiple-track bit is 0, the
search can be confined to one track. It
can be repeated until either the search
condition is satisfied or until two index
markers are sensed. At this time a



unit-check (for no-record-found),
channel-end, and device-end are signaled.
If the multiple-track bit is 1, the search
can be repeated until either the search
condition is satisfied or until an
end-of-cylinder condition is detected.

The search-key command never returns a

status modifier if the key length of the
record to be searched is zero.

Search Key Equal (29-A9)

This command is used to compare the key
area from the 2311 with the key area from
CPU storage, and indicates, when it is
satisfied, that the key area from the 2311
is equal to the key area from the CPU. If

the logical comparison is unequal or if the

record has no key area, only channel-end
and device-end are signaled.

Search Key High (49-C9)

This command is used to compare the key
area from the 2311 with the key area from
CPU storage, and indicates, when it is
satisfied that the key area from the 2311
is higher than the key area from the CPU.
If the logical comparison is equal or low
or if the record has no key area, only
channel-end and device-end are signaled.

Search Key Equal or High (69-E9)

This command is used to compare the key
area from the 2311 with the key area from
CPU storage, and indicates, when it is
satisfied, that the key area from the 2311
is either equal to or higher than the key
area from the CPU. If the comparison is
low or if the record has no key area, only
channel-end and device-end are signaled.

STATUS INFORMATION, DAC

An understanding of the System/360 channel
functions is assumed throughout this
document. Only those points requiring
further definition or those where the DAC
has an option are discussed. When
presented, status is accepted immediately.

INITIAL STATUS CONDITIONS

The initial status condition is condition
code one for all immediate commands and for
the Test 1/0, unless one or more of the
following conditions exists. If more than
one condition exists, the first condition
listed determines the initial-status byte
to be stored in the channel status word
(CSW) .

1. The DAC is busy. A status byte
indicating control unit busy is stored
in the CSW in this case. The DAC is
busy if:

a. Chaining is terminated and writing
or erasing is still in progress on
the file.

b. A Halt I/0 has occurred and the
operation is still in progress.

2. A status condition is pending in the
DAC that is not specifically associated
with the device (see the Status Pending
in the DAC section). In this case, the
pending status is presented, and the
busy bit is included in the status byte
if the instruction was other than a
Test I/0.

3. The device is busy (unavailable). The
busy bit alone appears in the status
byte. (This does not apply when busy
(pending status) appears with other
status bits. When busy occurs with
bits other than status modifier, the
device is defined to be busy because of
the included outstanding status. The
status is cleared and the device must
be readdressed to determine if it is
available.)

Channel-end occurred without
device-end for the device; device-end
has not yet been generated.

4. Status is pending in the device. The
pending status is presented and the
busy bit is included if the instruction
was other than Test I/O.

5. A unit-check condition exists at the
device (e.g., seek-check or
intervention-required). Unit-check is
indicated except for the following
cases:

a. Valid commands in the sense group
(xxxx0100) are accepted so that the
commands may be executed to permit
sensing of the sense indicators.

b. A 2311 seek check. A recalibrate
command is accepted so that the
command may be executed.

6. The command is rejected. Unit-check

occurs.
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PENDING STATUS CONDITIONS

A pending status condition may exist in
either the DAC or the device.

Status Pending in the DAC

Status is pending in the disk attachment
control if control-unit-busy was presented
and a control-unit-end has not been
accepted.

Status Pending in the Device

A status condition pending in the 2311
device does not cause the device or DAC to
appear busy.

The only status that can be pending in
the 2311 is device-end. When unit-check
occurs with device-end (and not
channel-end), it is not generated until the
device-end is presented on the interface.
The device-end and unit-check conditions
then kecome pending in the DAC if not
accepted. Status is pending if:

1. Channel-end occurs alone for the
operation. Device-end is pending.

2. The device has gone from the
not-operational state to the ready
state. Device-end is pending.

ADDRESS ASSOCIATED WITH PENDING STATUS

All status conditions in the DAC are
associated with a specific device address,
except for control-unit end. Control-unit
end is associated with the DAC base
address. Status can be cleared by
addressing any of the 2311 devices attached
to the DAC.

STATUS BYTE (CSW)

The eight bits of status information are
called the status byte. The status byte
contains information that reflects the
status of the DAC and the selected 2311
file device attached to the DAC. The
significance of each status-byte bit is as
follows.
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Bit Name Notes

0 Attention Not used

Used with Search and
control-unit busy.

1 Status Modifier

2 Control-Unit End Normal definition

Addressed access
mechanism is moving or
used in conjunction
with status modifier
to indicate
control-unit busy.

3 Busy

) Channel-End Normal definition.
Indicates that an
access mechanism is
free for use.

5 Device-End

Indicates that a
control-unit or
programming error on
file-hardware check
has been detected.

6 Unit-check

7 Unit-Exception End-of-file.

Attention (Bit 0)

Not used

Status Modifier (Bit 1)

This bit is set whenever a Search High,
Search Equal, or a Search Equal-High
command has been executed and the condition
has been satisfied. The status-modifier is
also set whenever the DAC is addressed
while it is busy. This bit, in conjunction
with the busy bit, signifies control unit
busy.

Control Unit End (Bit 2)

This bit is set if a control-unit-busy
status has already been presented and the
busy condition has been terminated. It is
also set with unit-check when unit-check
occurs after device-end.



Busy (Bit 3)

Device Busy: The busy bit indicates that
the selected device is busy. It is set
when a new command chain is initiated while
the selected 2311 access mechanism is still
in motion (due to a previous seek command).
Busy is also given in response to any
command except Test I/0 if there is
outstanding status for the device.

Control Unit Busy: The busy bit, in
conjunction with the status-modifier bit,

processing unit together with the unit
address to indicate a seek complete. It is
generated simultaneously with channel-end
at the end of all other commands.
Device-end is also generated when an
attached device goes form the not-ready to
the ready condition.

Unit-Check (Bit 6)

. indicates that the DAC is busy. It is set
when a new command chain is initiated while
the DAC is causing a track to be erased
following a format-write or erase command.

Channel-End (Bit 4)

This bit is set at the end of each command.

Device-End (Bit 5)

This bit indicates that an access mechanism
is free for use. After a seek or restore
command, this signal is presented to the

This bit is set whenever an unusual or
error condition is detected in the DAC or
the selected file device. Sense bytes 0,
1, and 2 (see the Sense Conditions, DAC
section) provide detailed information
concerning the nature of the condition.
Channel-end and device-end are usually
presented with unit-check unless the
unit-check is presented during initial
selection.

="-7 T T T 1
i |Status Byte |Sense Byte 0 |Sense Byte 1 | Sense Byte 2 |
b=t ¥ - 1 1
|Bit O|Attention |Command Reject |Data Check in |Unsafe |
| | | |Count Field | |
o ———-——1 4 } !
|Bit 1|Status Modifier |Intervention |Track Overrun | |
| | |Required | | ]
—————it + 4 1 ]
. T . T T . T 1
|Bit 2|Control Unit End| | End-of-Cylinder | |
bt $ - } 4
|Bit 3|Busy |Equipment Check|Invalid Sequence|Selected Status |
—_———1 —_— —d PR | L Jd
T T T 1
|Bit 4|Channel End |Data Check |No Record Found |Cyclic-Code Check |
4 1 4
D T +-_— - 1
|Bit 5|Device End |Overrun |File Protected |Unselected File Status |
TS IR T -— -——- 1
|Bit 6]Unit Check |Track-Condition|Missing Address | ]
| | |Check | Marker | |
— 4 -4 4 4 4
. k) . . T T T ]
|Bit 7{Unit Exception |Seek Check | | |
Lt L 1 —_—d i 4
Figure 46. Sense-Byte Summary
Unit Exception (Bit 7) Read Initial Program Load
Read RO
Read Count, Key and Data
This bit indicates that an end-of-file has Read Key and Data
been detected during one of the following Read Data
operations. Write Key and Data
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Write Data
Search Key and Data.

It is not set for the following operations:
Read Count
Write Count, Key and Data
Search Key Commands
Search ID Commands.

Unit exception results from a

data-length of zero. The key field (if
any) is transferred.

SENSE CONDITIONS, DAC

Six bytes of sense-condition information
are provided by the DAC to completely
identify the setting of unit-check. These
six bytes are transferred to the system by
issuing a sense command (Figure 46).

Command Reiject (Bit 0)

When this bit appears with the
file-protected bit (bit 5, sense byte 1),
the write-inhibit portion of the file mask
has been violated. When it appears with
invalid-sequence (bit 3, sense byte 1),
then one of the following has occurred.

1. A write command has not been preceded
by the necessary search or write
command. ¥

2. A set-file-mask command has been issued
in a chain in which a previous set file
mask was given.*

3. Head switching is being attempted in a
chain without a previous seek.

4. A space-count command has been chained
from a write command.*

5. A formatting command is being attempted
after RO on a defective track.*

When command-reject occurs with
seek-check (bit 7, sense byte 0), one of
the following has occurred.

1. The DAC has detected an invalid seek
address. No seek is initiated.

2. Less than 6 bytes of seek address were
given. No seek is initiated.

When Command Reject occurs with none of
the preceding items, one of the following
has occurred.

1. An invalid command has been given, or a
conmmand associated with an uninstalled
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feature has been given.*
2. An invalid file mask has been given.
3. An IPL command has been given after a
set file mask has been issued.*

Intervention Required (Bit 1)

This bit indicates that the specified file

is:

1. Not physically attached to the system.

2. The specified file is physically
attached to the system, but it is not
available for use because the file
motor is not on, a cover interlock is
open, etc.

Bit 2

Not used.

Equipment Check (Bit 3)

This bit indicates that an unusual
condition is detected in the DAC or 2311
unit. The conditions that are covered by
the bit are defined in the Sense Byte 2
section.

Data Check (Bit 4)

This bit indicates that a data error has
been detected in the information received
from the file. Error-detection in the DAC
is performed by the division of the message
polynomial by a generator polynomial (x16 +
1) using mod-2 arithmetic.

The data-check bit is never set in the
key field when executing a read-data
command, nor is it set in HA when executing
a read RO command.

Data-check usually occurs when trying to
read a record that overflows a track.

*Unit-check normally occurs alone in
initial status in these cases. In most
other cases, the unit-check occurs with
channel-end and device-end.




Overrun (Bit 5)

This bit indicates that the DAC access to
main storage was suppressed longer than
allowed, or that a chained CCW was issued
but it was received too late to be properly
executed. Detection of an overrun during
reading or writing causes an immediate stop
of data transmission. During writing, the
remaining portion of the record area is
padded with valid zeros. During reading or
searching, the indication is given as soon
as it is detected.

Track condition (Bit 6)

This bit is set whenever:

1. Any single track command other than
Search HA, Read HA, or Read RO is
executed on a defective track. After
seeking to a defective track, it is
necessary to execute a single-track
command if a track-condition
interruption is desired; otherwise,
none of the flag bytes on the defective
track will ever be read and the
interruption cannot occur.

2. Any multitrack command other than
Search HA, Read HA, Read RO switches to
a defective track.

3. Any multitrack command (including Read
HA, Read RO, or Search HA) attempts to
switch from an alternate or defective
track that has been found by the DAC to
be alternate or defective. The DAC
retains the alternate or defective
track status only if a single track
Read or Search operation has been
executed on the track in the current
CCW chain, and no control command other
than the No-Op has been executed since
the single track Read or Search
command.

Seek Check (Bit 7)

This bit indicates that the file has been
unakle successfully to complete a seek
because:

1. The transferred seek address is outside
the valid address boundaries of the
file. The unused bytes must contain
zeros. It also sets command reject.

2. Less than six bytes of seek address are
sent. It also sets command reject.

3. A hardware failure occurred resulting
in the access mechanism failing to
detent correctly.

4. The home address of the track does not
compare with the geometric (seek)
address. See the Multiple Track (M-T)
operation and Flag Byte sections.

SENSE BYTE 1

Data Check in Count Field (Bit 0)

This bit indicates that a data error has
been detected in a count field read from
the file. Data check in sense byte 0 is
also turned on. Error-detection is the
same as described for data-check bit 4,
byte 0. The operation is terminated at the
end of the count field.

Track Overrun (Bit 1)

This bit indicates that writing has not
been completed by the time the index point
is detected. This type of error is created
during a Write RO, Write Count, Key and
Data, Write Key and Data, Write Data, ox
Space Count operation.

If this bad record is read with
subsequent read commands, the track-overrun
condition is not set. Data check is set if
a data check occurs.

End-of-Cylinder (Bit 2)

This bit indicates that the CCW command
chain has not been completed, but that the
end-of-cylinder has been detected.

Invalid Sequence (Bit 3)

This bit indicates that an attempt has been
made to execute an invalid sequence of
CCWs. 1Invalid sequences are normally
related to write operations. It also
occurs if two set file mask CCWs are
attempted in the same chain of CCWs, if
head switching is attempted without prior
seeking, or if space count is preceded by a
write command. Command reject (bit 0, byte
0) is also turned on when an invalid
sequence is encountered. Valid sequences
are defined in the individual command
descriptions.
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No Record Found (Bit 4)

The no-record-found function is included in
the DAC so that the programmer may use a
sequence such as:

Search ID (Multitrack off)

TIC*-8

Read Data
without the possibility of the program
getting trapped in an endless loop, in case
the desired record is not contained on the
track being searched. The no-record-found
function is implemented as follows.

1. An index-passed bit is turned on
whenever index point is sensed on the
file while the DAC is executing any
single-track command other than a Read
HA or Read RO command.

2. The index-passed bit is turned off
whenever the DAC performs a read
operation in an HA or data-field area,
any write command, a sense command, oOr
any control command. The index-passed
bit is also reset when chaining is
broken.

3. A no-record-found condition occurs
whenever the DAC senses index point
while performing a single-track read or
search operation other than read RO or
read HA and the index-passed bit is

already on.

4. The no-record-found bit is set with
missing address marker when either HA
or RO cannot be found on a track.

5. A no-record-found condition occurs
while executing a space-count command
under different conditions (see Space
Count Command section).

The following programming notes apply.

1. Search HA posts no-record-found if two
indexes are passed without satisfying
the search.

2. Read Count, Key and Data, Read Key and
Data, and Read Data commands reset the
index-passed bit at the time the data
field is read. Hence, no-record-found
can occur while one of these commands
is being executed; notably:
no-record-found occurs when one of
these commands is given and no address
marker is detected on the track.

3. The programmer should ensure that
spurious no-record-found conditions
cannot occur. For example, in the
sequence:

Read Count
Search Key
TIC * - 16
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Search ID (of Count Field read above)

TIC * - 8

Read Key and Data
the index-passed bit is not reset prior
to the Read Key and Data command, and
index point is passed once after the
key is located prior to orienting on
the desired ID. If the index-passed
bit is on at the time the desired key
was found (this cannot be predicted if
the sequence was started with random
orientation), then the no-record-found
condition does occur. The sequence may
be corrected by inserting a Read HA or
Read RO immediately prior to the Search
ID command. (This is the best method
because the added command also
eliminates unnecessary Search ID
sequences between the located key and
the end of the track.) Or No-Op may be
inserted, or a Read HA or Read RO can
be included at the beginning of the
sequence.

4. The index-passed bit is not reset when
status-modifier is generated. If it
were, the sequence:

Search (ID or Key) HI-EQ

TIC * +16

TIC * -16

Read Data
could not be used safely to locate a
low record.

The no-record-found bit is set by the
command sequence in the following examples
(M/T bit off) if the desired record cannot
be found.

1. No equal record -
Search Key Equal
TIC * - 8
Read Data

2. No high record -
Read HA
Read Count (Rp)
Search Key High

TIC * -16
Search ID Equal (Np)
TIC * -8

Read Key and Data (Rp)

3. No address marker on track -
Read Count, Key and Data

4. Blank track -
Any Search
Any Read

5. The following sequence using both M/T
and single-track commands sets
no-record-found if the search is not
satisfied on the starting track.

Read Count, M/T off
Search Key, M/T on
TIC * -16



This example points out a difficulty
that can occur by mixing multitrack and
single-track commands.

File Protected (Bit 5)

This bit indicates that a seek or write CCW
or M/T read or search command was issued
that violates the file mask (see the File
Protection section). The command-reject
bit also is set on by detection of this
condition if a Write File Mask is violated.
The file-protected bit is not posted for
M/T commands that attempt to switch off
defective or alternate tracks (the
track-condition bit is set instead).

Missing Address Marker (Bit 6)

This bit is set as follows.

1. With no record found: HA or RO was not
found by the DAC.

2. Alone: indicates that the two
sequentially encountered flag bytes had
identical values for bit 0. This
indicates that an intervening address
marker was missed. A missing address
marker for the last record on the track
cannot be detected by the DAC.

Bit 7

Not used.

SENSE BYTE 2

Unsafe (Bit 0)

This bit is used to indicate that a file
has given an unsafe indication. Some of
the causes are:

1. More than one head has been selected.

2. The file is trying to read and write at
the same time.

3. The write gate is off and write driver
is on.

4. The write gate is on and the write
driver is off.

5. The erase driver is off and the erase
gate is on.

6. The erase driver is on and the erase
gate is off.

7. One of the dc file voltages has been
lost.

Bit 1, Bit 2

Not used.

Selected Status (Bit 3)

This bit indicates that microprogram
decoding of file status yielded
self-contradictory results.

Cyclic-Code Check (Bit 4)

This bit indicates that the DAC circuitry
used to generate and check the cyclic-code
characters does not function properly.

Unselected Status (Bit 5)

This bit indicates that at least one of the
file-status lines is on without any file
module being selected. This indicates a
file malfunction of some kind, because no
line should be on prior to selection.

Bit 6, Bit 7

Not used.

SENSE BYTE 3

This pyte is used to present the file
interface lines to the system for file
diagnosis. These interface lines are:

Sense Byte 3 2311

Ready

On Line

Unsafe

On Line*

End of Cylinder

Seek Incomplete

N~NouoEWwWNEO

*Bit 4 is forced on for all files by the
on-line signal.
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SENSE BYTE 4

This byte is all zeros. It is a dummy byte
inserted for control-unit compatibility
with other control units.

SENSE BYTE 5

This byte is all zeros. It is a dummy byte
inserted for control-unit compatibility
with other units.

SPECIAL FUNCTIONS, DISK

END-OF-FILE DISK

The end-of-file indication is written by
executing a Write Count, Key and Data CCW
that has two kytes of zeros in the
data-length (DL) portion of the count area.
This command causes the DAC automatically
to record one byte of zeros in the data
portion of the end-of-file record. If the
key-length (K1) portion of the count area
is zero, the end-of-file record contains
the contents of the count area and the data
area |(one byte of zeros). If KL is
non-zero, the key whose length is specified
by KL is written in the key area of the
end-of-file record.

As a logical file is read, the count
areas of the records are examined.
Detection of a DL of zero in the count area
causes generation of a unit-exception
signal. The unit-exception signal is
always generated at the normal ending time
of the read oreration that was scheduled.
No data from the data area is transferred.

The unit exception is generated during
the following operations:

Read IPL

Read RO

Read Count, Key and Data

Read Key and Data

Read Data

Write Key and Data

Write Data

Search Key and Data.

MULTIPLE-TRACK (M/T) OPERATIONS

The disk attachment control can select
automatically the next sequentially
numkered 2311 read/write head under control
of bit 0 of the command byte. Head
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switching does not take place at index
point if bit 0 is 0. Head switching does
occur at index point if bit 0 is 1.
Whenever head switching is anticipated, a
seek CCW (any type) must be given in the
chain prior to the point where head
switching is to occur so that the current
head address is available to the DAC for
incrementing. A recalibrate command must
be followed by another seek command before
head switching is attempted.

The M/T bit is recognized on all read
and search commands. Therefore, a certain
amount of discretion should be used when
setting bit 0 to 1. For example, if during
a search operation the desired record is on
the first track searched but the search
commences after that record is passed and
the M/T bit is on, the head advances to the
next track without even comparing the
desired record. To avoid this condition, a
single-track read home address or read RO
command should be placed ahead of the
search to ensure that searching starts at
RO or R1 of the first track.

FILE PROTECTION

The DAC portion of the file-protection
function utilizes a set file mask command
and its associated controls. This control
command (bit structure of 1F) causes one
byte of data to be transferred from main
storage to the DAC. When the transfer is
completed, a channel-end and device-end
signal is generated.

The data byte sent to the DAC describes
which write and seek commands can be
performed. Bits 0 and 1 describe the write
commands that can be initiated. The
significance of the file-mask bits is as
follows.

File Mask Bits

0123456 7 Significance

000 xx 000 Inhibit Write Home Address

and Write RO

Inhibit all Write and
Erase commands

Inhibit Write Home
Address, Write RO, Write
Count, Key and Data, and
Erase commands

Permit all Write and Erase
commands

Permit all Seek and
Recalibrate commands



x x 001000 Permit Seek CCHH and Seek

HH CCWé&ES

xx 010000 Permit Seek HH CCW

xx 011000 Inhibit all Seek commands

Note: For the DAC, file-mask bits 2 and
5-7 must be zero. If these bits are not
zero, the mask is considered invalid and a
unit-check signal is generated. When a
subsequent sense command is executed, a
command reject is signaled.

A set file mask command can be issued
anywhere within a CCW chain. At the
completion of the CCW chain, the file mask
is reset to all zeros. A set file mask
command can be issued only once within a
given CCW chain. If an attempt is made to
issue more than one set file mask command
in a chain, a unit-check signal is
generated in the status byte. A subsequent
sense command signals command-reject and
invalid-sequence.

The set file mask command resets the
defective and alternate track indicators in
the DAC. Thus, when it is included in a
CCW chain, the set file mask command should
be given prior to any read or search
command.

If a write command is issued violating
the file mask, the command is not executed
and.a unit-check signal is generated in the
status byte. A subsequent sense command
signals command-reject and file-protect.

If a seek command is issued violating
the file mask, the command is not executed
and a unit-check signal is generated in the
status byte. A subsequent sense command
signals file-grotect.

File-protect takes precedence over an
end-of-cylinder: the latter is not set with
file-protect.

System reset causes the file-mask
register to be set to all zeros. A
subsequent Start I/0 with no set-file-mask
CCW, therefore, permits:

All Seek commands,

All Read commands,

All Restore commands,
Erase commands,

Write Count, Key and Data,
Write Key and Data, and
Write Data commands,

but does not allow:

Write Home Address, and
Write RO commands.

TRACK ORIENTATION

Track orientation in the DAC is
accomplished with fields and zones that
uniquely define any portion of a track.
Figure 47 illustrates the relationship of
the fields and zones to the track format.

A break in a CCW chain, or issuance of a
control command other than Erase, sets the
DAC to a reset condition. Recognition of
the next data command places the DAC in an
initializing state relative to that field
and zone required to perform the operation.

Initializing state HA (field H, zone A)
is used for index detection.

Initializing state Cl1 is used for
address-marker detection. This state is
also used by a Search ID command for index
detection.

Figure 48 jllustrates the initializing
states of fields and zones, and the command
sequences required to perform a data
command.
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-Record HA RO

Field H c K D Cc

Zone Afl1]2]314)1|2]|3|4|1]12|3]|4]1]2|3|4]|A|B}|1

Field Definition

H Home-address area {inctuding gaps)
C Count area (including gaps)

K Key area (including gaps)

D Data area (including gaps)

Zone Definition

Pre-record gap {including address marker)

Record

Cyclic code

Post-record gap

Constant gap of 12-ones bytes in the count field, or 28 all-zeros bytes

> B WN -

in the home-address field.
B The 4.9% variable gap between records.

Notes: The index point immediately precedes the home-address area.
* Location of the address marker.

Figure 47. Track Orientation
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3 T T T, a
| | | |Field and Zone|
| | |Initial Field |State at End |
| Command | Command Sequence |and Zone State|of Command
b 4 - 4 - 1
|Read Count, Key and Data |None | Cc1 | D4 ]
| Read Key and Data | None | c1 | D4 |
| |After Search ID | c4 | D4 |
P 1 — $ $-—- !
|Read Data | None | c1 | D4 |
| |After Search ID | (o | D4 |
| | After Search Key | K4 | 1) |
b= e i -————% - -4
|Write Count, Key and Data|Search Equal ID | (o) | D4 |
| | Search Equal Key | Ky | D4y |
| |Write RO | D4 | D4 ]
| |Write Count, Key and Data | D4 | D4 |
e 1 4 rmmmmmm e 1
|Write Key and Data | Search Equal ID | Ccy ] D4 |
b= -- ¥ ¥ - :
|Write Data | Search Equal ID | Cy | D4 |
] | Search Equal Key | K4 | D4 |
P —— . 1 1 il 1
T T T 1
| Search ID | None | c1 | Chu |
— —m e} t $-— -4
T T
| Search Key |None | c1l | Kuy |
| |After Read or Search ID | cu | K4 |
b= =t ¢ ¥ {
| seaxrch Key and Data | None | c1 | D4 |
| |After Read or Search ID | ct | D4 |
t 4 ¥ ¥ 4
| Search Home Address | None | HA | HY4 |
—— ¥ ¥ $ |
|Read RO | None | HA | D4 |
| |After Read or Search Home Addrs| H4 | D4 |
e e e e i e v e e e o e e 4 —_— ____+ AR 4
T T 1
|Write RO | Write Home Address | HY | D4 |
| | Search Equal Home Address | HU4 | Dy |
oo} -1 + 4
| Read Home Address | None | HA | HY4 |
F— $ ¥ +— |
|Write Home Address | None | HA | HU |
b i $ - -1
r T
|Read Initial Program Load|None | ci | D4 |
i 1 + $-—- !
|Read Count | None | Cc1 | Cch |
b-- 4 — —1 — !
| Exase | Search Equal ID | cy | D4 |
| | Search Equal Key | K4y | D4 |
| |Write RO | D4 | D4 |
| |Write Count, Key and Data | D4 | D4 |
P — } $ L {
|No Operation | None | Reset Condition |
b — L _ i _——

Figure u48.

DEFECTIVE DISK-PACK SURFACES

The disk attachment control has provisions
to handle defective recording areas that
may appear during the life of an IBM 1316
disk pack. These defective areas are
handled by the Track Descriptor Record
(RO). Implementation of the record-o
concept depends upon the availability of a

Track Orientation Field- and Zone-State Summary

perfect recording area on each track that
extends from the index point to the end of
record RO.

Record 0 is always the first record on
the track following the index point and the
home address. Record 0 has the following
format.

F ID KL DL CCB Gap Key CCB Gap Data CCB
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where: :
F - Flag byte: This 1-byte field is divided
as follows:

Bit 0 - Used for internal DAC control
purposes.

Bit 1 - Used for the record-overflow
feature.

Bits 2-5 - Not used.

Bits 6-7 - Track-condition bits used to
indicate the condition of the
track. These bits are propagated
from the home address to all
records of the track. The
significance of the track-condition
bits is as follows.

Bit 6 = 0: Good Track.

Bit 6 = 1: Defective track
Bit 7 = 0: Original track.
Bit 7 = 1: Alternate track

ID - Identifier: The ID field contains the
cylinder (CC), head (HH), and record
(R) numbers. Cylinder and head numbers
are two bytes each. They contain the
actual track location for good tracks.
The record number is one byte long. It
contains the sequential position of the
record on the track. (For RO, the
record number is 0.)

KL - Key Length: This 1-byte field contains
the length of the key area.

DL - Data Length: This 2-byte field
contains the length of the data area.

CCB - Cyclic-Check Bytes: These two bytes
are used for error-detection purposes.
(See the Cyclic-Code Bytes section).

Gap - The gaps separate the various areas
within a record.

Key - The key area (length defined by the
KL field) is used to identify
information contained in the data area.

Data - The data area (length defined by the
DL field) contains the actual
information associated with the record.

An RO record is not preceded by an
address marker.

The special read RO and write RO
commands operate only on record 0. The
read RO command operates like a Read Count,
Key and Data command except that it does
not set the track-condition indication
(except when an attempt is made to switch
from a defective or alternate track). The
write RO command operates the same as a
Write Count, Key and Data command.
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The alternate-track approach to the
problem of defective areas permits an
entire track to be repositioned
independently of the way the file was
originally organized. This is done by
flagging the condition of the track in the
home-address flag byte (bits 6-7). These
track-condition bits are propagated by the
DAC from the home-address area to all other
records on that track. The four possible
track conditions are as follows.

In this case, the
(6-7) are set to

1. Original track good.
track-condition bits
00.

2. Original track defective. In this
case, the data field of the

track-condition bits are set to 10.

3. Alternate track good. The
track-condition bits are set to 01.

4. Alternate track defective. The
track-condition bits are set to 11.
Such a flagged track posts all
interruption conditions normally
associated with either defective or
alternate tracks. (This coding is not
generally used.)

TRACK INITIALIZATION (DEFECTIVE-TRACK
DETERMINATION)

The following procedure must be followed by
track-initialization programs for the IBM
2311 files. This procedure is intended to
write home addresses on each track and to
analyze the condition of the recording
surface. The program should be written to
handle the tracks in cylinder mode to
reduce running time.

1. Read home address. Verify that the
track has not been previously flagged.
This step must be bypassed by operator
action when initializing the recording
surface for the first time. Unless
specifically optioned by the operator,
no program should change the flagging
of a previously flagged alternate or
defective track.

2. Write home address and record zero (RO)
with a maximum-length data field on all
tracks. The data pattern should be
hexadecimal 55.

3. Read home address and RO of each track



10.

11.

12.

13.

to ensure that the data can be
recovered successfully. If an error
occurs, go to step 7.

Repeat step 2,
hexadecimal 00.

using a data pattern of

Repeat step 3. If an error occurs, go

to step 7.

Rewrite home address and a standard
length record 0 on all good tracks.
Read and verify that these records can
be recovered successfully. If an error
occurs, go to step 7. The surface
analysis is now complete.

When an error occurs, an analysis of
the sense information must be made. If
the error is a data-check in the count
field and/or a data-check, steps 2, 3,
4, and 5 must be performed 20 times on
the track in question. If a data-check
(also includes a count-field data
check) occurs a second time on the
track, the track must be flagged as
defective. Go to step 8. Other errors
should be handled as defined in the
Error Recovery Procedures, DAC section.
If no error occurs, return to the
program at point of exit.

Assign an alternate track.

Write home address and RO on the
defective track. Set the home-address
flag byte to hexadecimal 02. The home
address is the physical address of the
defective track. The RO count field
contains the address of the alternate
track. The content and length of the
data field are not critical. However,
the data-field length (DL) should be
kept to a minimum (but greater than
zero) to avoid spanning the track
defect. No other records should be
written on the track.

Read-check the home address and RO. If
a data-check (also includes a
count-field data check) or missing
address marker and no-record found
errors occur, go to step 14. Other
exrors should be handled as in the
Error Recovery procedure, DAC section.

Seek the alternate track.

Write home address and record zero on
the alternate track. Set the
home-address flag byte to hexadecimal
01. This home address is the physical
address of the alternate track. The RO
count field normally contains the
address of the original defective
track.

Return to mainline program.

14. Track flagging requires a perfect
recording surface from the index point
to the end of record zero. If attempts
to write home address and RO indicate
that this area is defective, the
recording medium (disk pack) must be

replaced.

The basic requirement is one pass
through the test (steps 2-5). An option
should be provided to increase the number
of tests to 16.

Additional requirements for programs
that write the home address and RO area
(and in particular, Surface Analysis,
Diagnostic, and other track utility
programs such as UT069, UT098, and DASDI)
are as follows.

1. Unless specifically optioned by action
of the operator, no program should
change the flagging of a previously
flagged alternate or defective track.

2. Specific action on the part of an
operator should be required to unflag a
track.

3. Provision must be made to flag or
unflag individual or groups of tracks.

4. Operating programs that have provisions
for dynamically flagging tracks must
perform the 14 steps given earlier in
this section.

OPTIONAL FEATURES, DISK ATTACHMENT CONTROL

FILE SCAN FEATURE

The file-scan function provides a means of
locating and selecting records on the basis
of a comparison of selected parts of the
key and data fields. Execution of the
file-scan commands is similar to that of
the search-key command, except that:

1. The comparison starts with the key and
continues through the data field, and

2. For any bytes in the record on which a
comparison is not desired, an FF (hex)
byte should be inserted in the Scan
argument (in main storage). For each
FF byte received from the channel, the
DAC passes over the corresponding byte
of the record being scanned without
comparing it.

The file-scan commands are normally used
in the same way as the search key, with a
Transfer in Channel (TIC) CCW causing
re-execution of the command until a record
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is found that satisfies the comparison
criteria. When a record is scanned that
satisfies the criteria, the DAC presents
status-modifier with channel-end and
device-end, causing the DAC to skip over
one CCW (normally, the TIC), and to
continue with the program.

The file-scan feature includes six new
commands, three of which are single-track
and three multitrack. These commands are
for Search Key and Data operations.

Search Key and Data Equal (2D or AD)

Execution of this command causes the DAC to
compare the key and data information of a
record with the information sent to the DAC
by the system. Any byte with an FF (hex)
confiquration from the system causes the
comparison with the corresponding byte from
the file to be suppressed. If the
comparison is equal on all other bytes
‘compared, status-modifier occurs with
channel-end and device-end when the end of
the logical record is reached; i.e., end of
the data field except for overflow records.
The key data compared is that of the record
following the next address marker, unless
the Search Key and Data is chained from a
Read Count or Search ID CCW. In these
cases, the key and data is that of the
record whose count field was read or
searched. When Search Key and Data is not
chained from a Read Count or Search ID, and
the index point in encountered before an
address marker is found, then:

1. If the multitrack bit (bit zero of the
command byte) is on, head switching
occurs, (see the Multiple-Track

Operations section).

2. 1If the multitrack bit is off, recocord
one of the current track is compared.
In this case, the no-record-found
function may cause an interruption, if
the index-passed bit is on (see the No
Record Found (Bit 4) section).

When search-key data is chained from a
Read Count or Search ID, a multitrack bit
in the Search Key and Data CCW has no
meaning.

If the record searched has a key length
of zero, the comparison begins in the data
field.

If the CCW count is less than the length
(KL + DL) of the logical record,
status-modifier is generated on the basis
of the compare up to the point where the
CCW count is exhausted. This allows the
scan function to be applied to keys alone.
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If overrun is detected, it is signaled
immediately. If a data-check error occurs,
it is signaled at the end of the field in
which the error occurs.

Search Key and Data High (4D or CD)

This command operates like Search Key and
Data Equal, except that status-modifier is
set on the first unequal comparison where
the byte on the file is numerically greater
than the corresponding byte from the
system. As in the case of Search Key and
Data Equal command, the comparison is
suppressed on all bytes where the channel
byte has the hexadecimal value FF.

Search Key and Data High or Equal (6D or
ED)

This Command operates like the other two
file-scan commands, except that
status-modifier is set if the data on the
file is equal to or greater than the data
from the channel.

Programming Notes, File Scan Feature

1. Normally, the sequence:
Read Count
Search Key and Data
TIC* - 16

is used with Search Key and Data
command so that the ID of the desired
record is in main storage when the
desired record is found. Without
terminating the chain, the channel
program can search on this ID and then
process the Key and Data of the located
record as desired. If a cylinder
search is desired, the M/T bit must be
included in the Read Count CCW. Unless
care is taken to ensure otherwise,
execution of a Search ID sequence
following the above sequence may cause
a no-record-found indication. The No
Record Found (Bit #) section should be
carefully studied to understand hazards
in this area.




2. A search for a low, low or equal,
or unequal record may be accomplished
with the sequence:
Read Count
Search Key and Data (High-Equal,
High, or Equal, respectively)
TIC* + 16
TIC* - 24

ERROR_RECOVERY PROCEDURES, 2311/DAC

ERROR MESSAGES, 2311 DISK ATTACHMENT
CONTROL

The following two error messages should be
included in the operating environment of
all DAC users.

Message 1 (should be printed on all

uncorrectakle errors).

a. Message code

b. Error type - read, write, or control

c. Unit designation, cell number, cylinder
number, head number and head position;
i.e., device addressed and seek
address.

d. Channel designation

e. Status and sense bytes sent to CPU

Messaqge 2 (should be printed periodically,
upon completion of a run, or in response to
operator request).

a. Unit designation

b. Number of entries into error routine

c. Number of uncorrectable errors.

EhROR CONDITION TABLE, 2311/DISK ATTACHMENT
CONTROL

This section gives the recommended
corrective action for the error conditions
that may occur when using IBM 2311 units

attached to the System/360 Model 25 through
the disk attachment control. The recovery
procedures are listed in the Action column.
These are given in detail following the
Error Condition Table (Figure 49).

RESETS, DAC AND/OR 2311 UNIT

The DAC senses a Selective Reset or a
General Reset, either of which terminates
all DAC activity and clears all internal
registers. All status and error conditions
are reset.

A General Reset also causes any
device-ends pending in the 2311 units to be
reset.

USE METER (2311)

The use meter on each 2311 operates when
the 2311 is in the enabled state and the
CPU customer meter is operating.

The 2311 changes to the enabled state
upon the first stop or wait state that
occurs after the enablesdisable switch is
set to the enable position. The unit
changes to the disabled state upon the
first stop or wait state that occurs after
the switch is set to the disable position
and any previously initiated operation
involving the device has been completed.
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T T

| Sense Bit and Name |Explanat10n |Exror Type |Action ]
e ¥ e
|Byte 0, bit O |The DAC has received an | Program error | 1 |
| (Command Reject) |invalid command code. | | |
e - —— ¥ - ¥ -4
| Byte 0, bit 0 | The DAC has received an |program error | 1 |
| {Command reject) and |invalid seek address. i | |
|byte 0, bit 7 | | | I
| (Seek Check) | | | |
T } - + 1
|Byte 0, bit 0 |The DAC has received an invalid |Program error | 1 |
| (Command Reject) | sequence of commands. | ] |
| byte 1, bit 3 | | | |
| (Invalid Sequence) | | | |
— o $-- -- ¥ S 1
|Byte 0, bit 9 | The DAC has received a | Program exxror | 1 |
| (Command Reject) and | command that violates the | | |
|byte 1, bit 5 | Inhibit Write portion of | | |
| (File Protected) |[the File Mask. | | |
== S — ¥ o B 1
|Byte 0, bit 1 |The specified 2311 unit is: | EQuipment error| 2

| (Intervention Required) |1. Not on line, or ] | |
| |2. Not available for use | | |
| | due to cover interlock | | |
| | open, file motor off, etc. | | ]
p— = o ——mm s —— ¥ S S
|Byte 0, bit 3 |An unusual condition has been |Equipment error| 2 |
| (Equipment Check) and |detected in the DAC or the | | |
| |file unit. The condition is | | |
| |indicated by sense-byte 2. | | |
T e e — y | |
|Byte 2, bit 3 (Unsafe) |A file malfunction has been detected. | | |
| ox - - — ' | |
| Byte 2, bit 3 |Circuitry used to generate | | |
| (Cyclic Code Check) |the cyclic-code check did not | | |
| | function properly. | | |
| or - 1 | |
| Byte 2, bit 4 |Microprogram decode of the status byte| | |
| (Selected Status) |]yielded self-contradictory results. | | |
| ox - y | n
|Byte 2, bit 5 |The status line from the files is | | |
| (Unselected Status) |]on, but no file has been selected. | ] ]
. —m e - ¥ -4 1
|Byte 0, bit &4 |The DAC has detected an error in the |Equipment error| 8 |
| (Data Check) |data field received from the file. | | |
————————————————————————————————————————————————————— ¥ N G
|Byte 1, bit 6 | The DAC has received: | EQuipment error| 5

| (Missing Address |]1. Two index points without an | | |
| Marker) | intervening address marker, | | |
| |2. Two successive count fields | | |
| | with equal bit conditions in ] | |
| | bit 0 of the flag bytes. | | |
. - e + ¥ 1
| Byte 0, bit 5 |The DAC access to main storage. | EQuipment error| 3 |
| (Overrun) |was suppressed longer than one | | ]
| |byte time on the 2311, or | | |
| |a chained CCW was received too | | |
| |late to be properly executed. | | |
b —— —_—— j —_ —_— 1 L |

Figure u49.
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- T T b
{Sense Bit and Name |Explanation | Exror Type |Action |
— ¥ t ¢ !
|Byte 0, bit 6 |1. A Search, Read, or Write |Program error | 6

| (Track Condition Check) | command was attempted on | | |
| | a flagged defective track | ]

| | (track-condition bit 6 | |

| | was set to 1). Exceptions: | | |
| | HA and RO operations. | |

| |2. Command chaining and multitrack | |

| | code signals indicate that | |

| | operations from an alternate | |

| | track are to continue on the | |

| | next higher-order track. | |

—— -- $ 1 + ;
|Byte 0, bit 7 |The 2311 has been unable to | Equipment error| 4

| (Seek Check) |complete the Seek because: | |

| |1. The access mechanism failed | |

| to reposition properly, or | | |
| |2. The home-address-compare failed | |

| | after automatic head switching on | | |
| | a multitrack operation | |

— —--4 ¥ -4 -4
| Byte 1, bit 0 |The DAC has detected an error | EQuipment errorl 8 |
| (Data Check in Count ]in the count field received | | |
|Field) and byte O, |from the 2311. | |

|bit 4, (Data Check) | | | |
— 4 : 3 4
|Byte 1, bit 1 |The index point was detected | Program error | 1 |
| (Track Overrun) | before writing was completed. | | |
— - ¥ $ } 1
rByte 1, bit 2 |An end-of-cylinder was detected | Program error | 1

| (End of Cylinder) |before the CCW command chain was | |

| |completed while in multitrack mode. | | J
p——- + ¥ + 4
|Byte 1, bit 4 |Two index points were detected while: |Program error | 7 |
| (No Record Found) and |1. Executing a chain of CCWs | or | |
|not byte 1, bit 6 | with no intervening Read | equipment error|

| | or Write operation on the | |

| | data field of any record. | |

| |2. Executing a Read HA or | | |
| | Read RO CCW. [ | [
| |Note: This could be an expected | |

| |condition on Search command chains. | | |
— - ¥ + ¥ 1
rByte 1, bit 5 |The DAC has received a Seek, a | Program error | 1 |
| (File Protect) |multitrack Read, or multitrack search | |

| |that violated the Seek File Mask. | | |
TG ——— 1 + + !
|Byte 1, bit 4 | Home address or RO cannot |Equipment error| 9

| (No Record Found) and |be found on the track. | |

|byte 1, bit 6 [ ( i
| (Missing Address Marker)| | |

L—— XL L J

r T
| Action|Recovery Procedure
+

1

]
|Exit with Program Error indication.
4

2

,._____..._.,.._.,,.
|
|

1

|Repeat original sequence once.
|If the error condition still occurs, print Message 1 for the operator and/or
|customer engineer notification. This is considered an uncorrectable error; the
| recovery procedure depends on the application.

L

e L ST TR S

Figure 49. Error Conditions Table (Part 2 of 3)
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r
|Action

T
|Recovery Procedure
4

— vl

-
3

+
|Repeat the original sequence ten times if the error persists.
b

v
|After ten unsuccessful retries, print Message 1 for the operator and/ or CE

=

|
|notification. |
1 J
A

L)
| Issue a Recalibrate command.

|Seek to the original address.
L

s
|Repeat the original sequence ten times if the error persists.
L

ke cs el s

L}
|Print Message 1 and exit with the error indication.
L

oy e o i s et e g e e s e
wn

e

}
|Repeat the original sequence ten times if the error persists.
L

v

|After ten unsuccessful retries, the error is said to be "hard®". At this point,
|the hard-error recovery procedure may be employed at the user's option.

[N

v v
|Print Message 1 and exit with the error indication and option information.
L

- —

4
|If this is an alternate track, use the defective-track address, plus 1, in the
|Seek command. (This is found in the ID field of the RO count area.) Resume the
|operation after searching to the desired track position.

3
|
|If this is a defective track, use the alternate-track address in the Seek

| command. (This is found in the ID field of the RO record.) Resume the
|operation after searching to the desired track position.
1

1

|Issue a Read Home Address command to verify that the correct track has been
|reached. (Correct cylinder is sufficient on multitrack operation.)

b

—— v e —

T
|If the correct cylinder (and/or track) is found, perform Action 1.
L

]
|If the incorrect cylinder (and/or track) is found, perform Action 4. |
iR

8

}
|Repeat the original sequence sixteen times if the error persists.
L

r .

|After sixteen unsuccessful retries, issue instructions to Recalibrate, and then
| Seek to the original cylinder. Repeat first two steps sixteen times if the
|error persists.

L .

r

|After sixteen unsuccessful retries of second step (a total of 256 entries for
|the data), the data-error is said to be "hard". At this point, the hard-error
|recovery operations may be employed at the user's option.

8

Print Message 1 and exit with the data-error indication and option information.

[ e e o . e o . i . . o . . . S i . S S, S e . S
O

Issue a Recalibrate and then a Seek to the original address.

Repeat the operation that failed.

T e oy e o e o

P e

Repeat the first two steps twice if the error persists.

Issue a Read HA to a different track in some cylinder.

If the Read HA is successful, return to the original track and perform Action 3.
L

t _

|If the Read HA is unsuccessful after two tries and causes the same error
{indication, print Messaqge 1 for operator and/or CE notification.

L

Figure
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IBM 2540 CARD READ PUNCH AND INTEGRATED 2540 ATTACHMENTS

A single IBM 2540 Card Read Punch can be
attached directly to the IBM System/360
Model 25 through an integrated attachment
in the processing unit. No external
control unit is required. Only one 2540
can be controlled through the integrated
attachment but this does not 1limit the
system to one 2540. Other 2540s,
controlled by the IBM 2821 Control Unit,
can be attached to the system by means of
the standard interface on either channel 0
or 1.

The 2540, by means of two independent
card paths (the read feed and the punch
feed) operated under program control,
provides for:

1. Reading of punched-card data into the
system.

2. Punching of system-output data into
cards.

Data from cards in the read feed can be
entered into the system at a maximum rate
of 1000 cpm (cards per minute).
System—output data can be punched into
cards in the punch feed at a maximum rate
of 300 cpm. These maximum rates are
independent of the amount of data read or
punched per card. A card can contain up to
80 columns of punched-hole information.
Less than 80 columns can be read or punched
per card, but this action does not increase
reading or punching speed.

Reading and punching in the 2540 can be
performed in either data-mode 1 or
data-mode 2. In data-mode 1, each card
column is translated between the EBCD
interchange card code and the machine 8-bit
code. The EBCDIC chart in Appendix B shows
these translations. Each specific hole
pattern in the card column corresponds to
only one processing unit byte bit pattern.
For example, the punched hole-pattern
12-11-1, when read from a card column, is
translated into the processing-unit-byte
bit pattern 1001 0001: no other punched
hole-pattern translates to 10010001.

During output punching, the
data-record-byte bit pattern 10010001 is
punched in a card column as 12-11-1.

The column binary feature (standard)
provides the capability of reading (in the
read feed only, not for PFR operations) or
punching cards in data mode 2. In data
mode 2, the punch positions in each card
column correspond to specific bit positions
in the processing-unit-byte bit pattern.
Punch positions 12 through 3 in any column

always correspond to bits 2 through 7 in
odd data-record bytes:

0dd Byte Bits Punch Positions in Column

0 (always = 0) -
1 (always = 0) -
2 12
3 11
4 0
5 1
6 2
7 3

Similarly, punch positions 4 through 9 in
any column always correspond to bits 2
through 7 in even data-record bytes:

Even Byte Bits Punch Positions in Column

0 (always = 0) -
1 (always = 0) -

~NoUEWwN
LCodoumE

For example, card-column-one punching
always applies to bytes 1 and 2 of the data
record.

Data mode 2 operation, then, provides a
way of reading (or punching) binary data
from (or to) cards. Data mode 1, the
standard 2540 reading and punching mode, is
available whether or not the Column Binary
feature is installed. The choice of modes
is determined by programming according to
the desired application.

Five radial stackers are provided in the
2540

1. P1 and P2, for the exclusive use of the
punch,

2. R1l and R2, for the exclusive use of the
reader, and

3. RP3, to which cards can be stacked from
either feed.

Cards can be program directed into the
appropriate stackers, as determined by the
application. Cards that cause a hole-count
error after they are punched are
automatically stacked in P1l.

The punch hopper holds about 1350 cards;

the read hopper and file-feed magazine hold
about 3100 cards.
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Additional capabilities are provided
when the following special features are
installed.

SPECIAL FEATURES

51-Column Interchangeable Read Feed

With this feature, the reader can feed and

read 80-column or 51-column cards. (The

feature is not available for the punch.)

When this feature is installed:

1. Reading speed is at a maximum rate of
800 cpm for both 80-column and
51-column cards.

2. The card capacities of stackers R1, R2,
and RP3 are reduced to about 800 cards
for 51-column operation.

3. The read feed must be manually adjusted
for one or the other of the two card
widths. That is, both 51-and 80-column
cards cannot be intermixed in the read
feed (hopper, stackers, etc).

Installation of this feature requires
modification of the 2540 only; the 2540
attachment feature in the processing unit
is not modified.

PFR (Punch Feed Read)

A reading station is added to the punch
feed when this feature is installed. This
read station (a full complement of 80
brushes) allows the program to read a card
and then, depending upon the data read, to
punch additional data in that same carxd.
If such prepunched cards are read in the
punch feed, PFR commands must be used by
the program to read the cards. Otherwise,
punch checks are indicated. If the cards
in the punch feed are not prepunched, the
normal punch instructions can be used.

Only data mode 1 can be used to read
cards at the PFR station. However, data
mode 2 (column kinary installed) can be
used to punch cards whether or not the PFR
feature is installed.

KEYS, SWITCHES, AND INDICATORS

Some of the keys, switches, and indicators
are common to both the reader and punch;
some are used exclusively by only one of
these two units, as shown in the following
paragraphs.
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COMMON READER-PUNCH INDICATORS

Power Light

When on, this light indicates that dc
voltage is present in the 2540.

Transport Light

This light is on when a jam is detected in
the continuously running section of either
the punch or read feed (i.e., the area over
the stackers).

Stacker Light

This light is on when any one of the five
stackers is full.

Fuse

This 1light indicates that a +20 volt fuse
is blown in the 2540.

CARD-READER KEYS AND INDICATORS

Start Key

Pressing this key starts the motor and
feeds the first card into the prestacker
station if cards are on the file feed or in
the hopper. If the end-of-file light is
not on, the hopper joggler is open, the
hopper is empty, and the start key is
operated, a nonprocess runout is executed.
The cards in the transport are then run out
into stacker R1.

Stop Key

This key stops the reader motor, resets the
end-of-file condition, and places the
reader in a not-ready condition (reader
ready light off).



End-of-File Key

Pressing this key sets up the 2540 run
circuits so the last cards can be processed
when the hopper becomes empty.

Feed-Stop Light

This light is on when the reader motor
stops as a result of a jam, misfeed, or a
card feed-clutch failure. It can be
switched off only by a nonprocess runout
and a clearing of the feed.

Reader-Ready Light

This light indicates that the reader is in
ready status.

Reader Check Light

This light indicates a hole-count check,
shift-register sync or address check (both
of which are circuit malfunctions in the
attachment), overrun condition, or clutch
failure while reading. It is turned off
when a new cormand (other than sense, Test
I/0 or No-Op) is sent to the 2540
attachment for the reader.

Reader Validity Light

This light indicates that an invalid hole
pattern (more than one punch in rows 1-7 of
a single card column) has been detected on
a data mode 1 read operation for the
reader. It is turned off when a new
command (other than sense, Test 1/0, or
No-Op) is sent to the 2540 attachment.

End-of-File Light

This light indicates that the end-of-file
key has been operated. The light is turned
off when unit-exception status is set on
for the first read command directed to the
reader after the last card from the hopper
has been stacked.

The end-of-file light is also turned off
when the reader stop key is operated.

CARD-PUNCH KEYS AND INDICATORS

Start Key

Pressing this key starts the motor and
feeds the first card as far as the prepunch
station. If the hopper is empty and the
start key is pressed, a nonprocess runout
is initiated. The cards in the transport
are then run out into stacker P1.

Stop Key

Operating this key stops the motor at the
completion of a mechanical cycle. If the
PFR feature is present, pressing the stop
key turns off the end-of-file light. Also,
whenever the stop key is operated, the
punch is placed in the not-ready condition
(punch-ready light is off).

Punch-Ready Light

This indicates that the punch is in a ready
condition.

Feed-Stop Light

This light is on when the punch motor stops
as a result of a jam, misfeed, or a
punch-clutch failure. This light can be
switched off only by doing a nonprocess
runout and a clearing of the feed.

Chips Light

This light is on when the punch chip box is
either full or missing.

Punch-vValidity Light (PFR Only)

This light indicates that an invalid hole
pattern (more than one punch in rows 1-7 of
a single card column) has been detected on
a PFR read operation for the punch. It is
turned off when a new command (other than
Sense, Test I/0, or No/Op) is sent to the
2540 attachment.
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Punch-Check Light

This light indicates, for the punch, a
hole-count check, shift-register sync check
~or address check (both of which are circuit
malfunctions in the 2540 attachment), or
clutch failure. It is turned off when a
new command (other than sense, Test 1I/0, or
No-Op) is sent to the attachment for the
punch.

End-of-File Key (PFR Feature Only)

Pressing this key sets up the run circuits
so that the last cards can be processed
when the hopper becomes empty.
Unit-exception is indicated only on a read;
therefore, the last punch record, in
non-PFR operation, could be punched when no
card is under the punches, because
unit-exception is not indicated for write
commands.

End-of-File Light (PFR Feature Only)

This light indicates that the end-of-file
key has been operated. The end-of-file
light is reset when the last card reaches
the pre-stacker station. It is turned off
with a non-PFR command.

The end-of-file light is also turned off
when the punch stop key is operated.
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ADDRESSING, INTEGRATED 2540 ATTACHMENT

The integrated 2540 attachment is addressed
as if it were connected to channel 0. The
sixteen-bit address developed from the I/0
instruction identifies the attachment and
the reader or punch unit. The device
address is not limited by the usual
channel-0 UCW addressing requirements
because the attachment has its own UCWs
that are not device address dependent. In
theory, the attachment may have any address
from:

Binary Hex
0000 0000 00
to to

1111 1111 FF

In practice, the integrated 2540 is
assigned an address of 0C for the reader
and 0D for the punch, to standardize with
other System/360 usage. This addressing
makes use of two of the channel-0
subchannel addresses and prevents their use
for the channel. If the channel
configurations require the use of the
subchannels, the 2540 addresses can be
changed by the customer engineer.

Under no condition should an address
assigned to any other I/0 device be
assigned to either the 2540 reader or
punch.



IBM_ 2540 READER OPERATION

READER RUN-IN

Operation of the reader start key initiates
three card-feed cycles (Figure 50) if all
of the following conditions exist:

1. No cards are in the read feed.
2. No cover interlock is open.

3. No stacker-full switch is operated
(reader or punch).

4. Cards are in the reader file-feed or
hopper.

5. The reader-hopper joggler plate is in
its operated position.

The three cards are fed in so that the
first card stops at the prestacker
position. At the end of the three feed
cycles:

1. The reader ready light is on.

2. Device-end status is available in the
2540 reader attachment for presentation
to the CPU. This device-end can be
cleared by execution of an I/0
interruption, a Test 1I/0 instruction,
or a Start I/O instruction. Busy
status accompanies device-end in the
CSW if the device-end is cleared by a
Start I/0. Only device-end status,
assuming no errors, appears in the CSW
if the device-end is cleared by an 170
interruption or Test I/O.

3. Data from the first card fed from the
hopper is in auxiliary storage. This
data can be transferred to program
storage by execution of a read command.

If an intervention required condition
(such as a card jam) occurs during the
run-in cycles, the not-ready-to-ready
device end is not set on and the reader
ready indicator does not light. Unit-check
status is then the reader response to any
Test I/0O or Start I/0 selection sequence
directed to the 2540 reader, until the
intervention-required condition is
corrected and the reader is made ready.
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.nitial Setup
@ No cards are in the read feed.
No cover interlock is open.
No stacker-full switch is operated.
Cards are in the reader file feed or hopper.

The reader-hopper joggler plate is in its operated position.

The reader start key is operated.

Feed-Cycle One
_“_“‘. Pre-Stacker Read Read
® Card @ is fed from the hopper. Station Station 1 Hopper

e

Read Station 2

RP3 R2 R1

Pre-Stacker Read Read
M Station Station 1 Hopper
® Card @ is read at Read Station 1.
® Card (2) is fed from the hopper.
[ Read Station 2
RP3 R2 R1
Feed-Cycle Th
yoe Thre PreStacker  Read Read
Station Station 1 Hopper

® Card @ is check-read at Read Station 2

and is stopped at the p ker station.
@® Card @ is read at Read Station 1; card @ @
@ is fed from the hopper. -—

@® The reader ready light turns on.

@ Data from card @ is available in the reader
area of auxiliary storage for transfer to
program storage during a subsequent read RP3 R2 R1
command operation.

Read Station 2

Figure 50. 2540 Reader Run-In Cycles
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Data read from the cards is transferred
into auxiliary storage. This transfer of
data is accomplished with a series of
microprogram traps. (A trap is a forced
branch out of the current CPU microprogram
operation in to some higher priority
microprogram operation. When the higher
priority operation is completed, a return
is made to the interrupted routine.) Trap
operations that have a priority higher than
2540 reader data-transfer traps can break
into 2540 reader trap operations. In this
case 2540 traps are delayed until the
higher priority trap (such as for 2311
command chaining) is completed.

The priority circuits are designed to
guarantee the reader a sufficient number of
cycles for data transfer. An overrun
should never occur except as a failure in
the priority area.

The overrun can occur during reader
run-in cycles. If such an overrun occurs,
the not-ready-to-ready device-end is still
made available to the CPU. However, during
subsequent execution of a read command,
unit-check (due to equipment check, sense
bit 3) is presented with channel-end for
that read command.

2540 READER--COMMAND EXECUTION

A read command can be acted upon as soon as
the not-ready-to-ready device-end is
cleared. If the read command is accepted
by the reader attachment, the card data is
moved from auxiliary storage to program
storage. A stop can be indicated before
the entire record is moved to program
storage, in which case, transmission of
data stops. The stop referred to is
implemented by the CCW data count going to
zero before the end-of-record is reached.
The initial CCW count is less than 80 when
operation is in data mode 1; less than 160
in data mode 2.

Channel-end is the response to the CCW
data count going to zero (when data
chaining is not indicated) or when the
transfer reaches the end-of-record,
whichever occurs first. For example, only
column-one data might be sent to program
storage (by a read and no feed or stacker
selection command) to determine in what
mode (data mode 1 or data mode 2) the
entire record should be read. Here, data
transfer would stop after only one byte is
transferred to program storage. (The count
of the first CCW would be 1, in this case.)
Programming would determine, from the

column-one data, the proper mode to be used
for reading of the entire record. By a
read and feed command, programming could
then dictate reading the entire record in
the appropriate mode, and the operation
would normally be stopped at the end of
record.

In the case of a read command without a
feed and stacker select, device-end is sent
to the channel along with channel-end. If
the read command includes a feed,
device-end occurs when the feed is
completed (at which time auxiliary storage
contains the new card data).

A control command (feed and select
stacker) is used after a read command
(which did not specify a feed and stacker
select) to write the next-card data into
auxiliary storage. This command enables
the programmer to stacker-select a card
according to the information read from that
card. In this particular operation,
channel-end is sent to the channel
immediately following the acceptance of the
command byte. All necessary stacker
selection information is contained in the
modifier bits of the command. Device-end
status is presented to the channel after
the feed is completed. (Auxiliary storage
then contains the new data.)

During a feed and stacker-select
operation, the card stacked is the one from
which the last data record was transferred
to the processing unit.

A read following a read with no
intervening feed can be executed, but a
unit-check is sent to the channel with
channel-end. The unusual-command-sequence
sense bit is set for this condition.

Hole-count information for each of the
80 read brushes is generated and stored as
the card feeds through the first read
station. The hole count obtained at the
second read station during the next card
cycle is compared to that stored on the
previous cycle. Failure to compare in any
column causes an error (equipment check,
sense bit 3) to be set on in the
attachment. A unit-check accompanies
channel-end of the next read command to
indicate this error condition.

In data mode 1, a validity check is made
on the data read from the card. If a card
column contains more than one punch in rows
1 through 7 of a single card column,
unit-check status (due to data check sense
bit 4) is presented with channel-end. This
check is not used in data mode 2
operations.
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Initial Setup

@ No cards are in the punch feed.
@® No cover interiock is open.
® No stacker-full switch is operated (either punch or reader).
@® Cards are in the punch hopper.
@ The punch start key is operated.
M Punch gu"‘?h Punch Check
P Hopper tation Station
® Card @ is fed from the hopper. \
Eao S &Cl Wl
Blank Station
(PFR brushes
Installed here) P1 P2 RP3
Feed-Cycle Two
® Card @ is fed to the pre-punch station. Punch Punch
Hopper Station Punch Check
® Card @ is fed from the hopper. Station
@ The punch ready light turns on.
@ Card @ is ready to be punched with data = @ @
sent from program storage on a write =\ -_—
command.
Blank Station
(PFR brushes P1 P2 RP3
Installed here)
Figure 51. 2540 Punch Run-In Cycles

IBM 2540 PUNCH OPERATION

PUNCH RUN-IN

Operating the punch start key initiates two
card-feed cycles (Figure 51) if all of the
following conditions exist:

1. No cards are in the punch feed.

2. No cover interlock is open.

3. No stacker-full switch is operated
(either punch or reader).

4, Cards are in the punch hopper.

The two cards are fed in so that the
first card stops at the prepunch station.
At the end of the two feed cycles:

1. The punch ready light is on.

2. Device-end status is available in the
2540 punch attachment for presentation
to the CPU. (This device-end can be
cleared by execution of an I/0
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interruption, a Test I/0 instruction,
or a Start I/O instruction. Busy
status accompanies device-end in the
CSW if the device-end is cleared by a
Start ¥/0. Only device-end, assuming
no errors, appears in the CSW if the
device-end is cleared by an 1/0
interruption or Test I/0.)

If an intervention-required condition
(such as a card jam) occurs during the
run-in cycles, the not-ready-to-ready
device-end is not turned on and the punch
ready indicator does not light.
status is then the reader response to any
Test I/0 or Start I/0 selection sequence
directed to the 2540 punch, until the
intervention-required condition is
corrected and the punch is again made
ready.

Punch overrun can occur during punch
run-in cycles even though no data is
actually sent to the punch. This can
happen because punch-trap operations are
performed during run-in in the same manner

Unit-check



as during a write command to the punch.
This condition is indicated by unit-check
status (due to equipment check, sense bit
3) presented with the not-ready-to-ready
device-end.

2540 PUNCH--COMMAND EXECUTION

After the not-ready-to-ready device-end
(caused by completion of run-in) is
cleared, a write command can be used to
initiate punching in the first card. Less
than the maximum record (80 bytes for data
mode 1; 160 bytes for data mode 2) can be
punched if the initial data count in the
CCW is less than the maximum record count.
Punching, however, always begins at column
one of the card. For any card column to
remain unpunched, the corresponding data
record bit pattern (in data mode 1) from
program storage must contain the bit
pattern 0100 0000 (space). For data mode
2, punching occurs only for those bits (2
through 7) of the data record byte that are
set to a value of one.

Channel-end is presented to the CPU
after the CCW count goes to zero (and data
chaining is not indicated) or when the end
of record is reached, whichever occurs
first. On completion of the punching, a
device-end is presented to the channel.

The card punched stops just before the
punch-check station brushes. On the next
command, this card is fed through the
punch-check station and then stacked. If
no errors are detected, it is fed into the
stacker specified by the modifier bits in
the command whose execution caused it to be
punched. (The stacker selection
information is retained until the card is
directed to the specified stacker.)

Hole patterns read by the punch-check
brushes are compared to the data that
should have been punched in the card.
Failure to compare in any column causes a
check indication (equipment check, sense
bit 3) to be turned on. Unit-check
accompanies device-end to indicate this
error. Both the card in error and the card
after it are stacked in the P1 pocket for
any non-PFR equipment check. No automatic
extra feed cycles are taken. The card
following the error card is stacked in the
feed cycle in which the punch is commanded
to punch the next card.

IBM 2450 PUNCH-FEED-READ OPERATION

The PFR (Punch-Feed-Read) special feature
on the punch can be used for card reading,
with or without card punching, concurrently
with card reading in the read feed.

Operating the start key makes the punch
ready if conditions warrant (see the
preceding section) and causes a run-in of
the first card past the PFR station. A
device-end interruption is initiated. As
the card passes the PFR read station, data
is read into the PFR section of auxiliary
storage. The card then comes to rest in
the prepunch station. A read command
causes the data to transfer to program
storage.

As a result of a CCW data count going to
zero {no data chaining indicated) or when
the end of record is reached (i.e., 80
bytes transferred), channel-end and
device-end are sent to the channel. A PFR
write, feed, and stacker-select command
then causes the punch section of auxiliary
storage to be filled by bytes sent from the
CPU. Again, a partial transfer is
possible, if desired, by a stop (from the
CCW count going to zero when data chaining
is not indicated), responded to in turn
with channel-end.

All the cards in the punch feed are then
fed. Data from the card passing the PFR
brushes is read into the PFR section of
auxiliary storage and the data record sent
from program storage causes the appropriate
punching in the card passing the punch
station. Thus, on completion of punching
the first card, the second card has been
read and the PFR section of auxiliary
storage contains the information from the
second card. A device-end signal is
transmitted to the channel ending that
cycle, and a new read command can then be
given to repeat the process.

A read command following a read command
with no intervening write command is
executed, but a unit-check is sent to the
channel with channel-end. (The unusual
command sequence sense bit is set on.)

A hole count is generated and stored
from the punch-feed-read brushes and is
combined with the hole count generated
while punching the card. This total
hole-count is compared with the hole count
read at the punch-check brush station. The
hole count generated at the punch-feed-read
brushes, however, is combined with the hole
count generated at the punch station only
if a write command that causes the
punch-feed-read data to be transferred from
the card to the PFR area of auxiliary
storage is executed.
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Also, punched-hole data read at the PFR
orushes is checked for validity in the same
manner as data read in the read feed. That
is, more than one hole in rows 1 through 7
of any single card column causes a
unit-check status (due to data check, sense
bit 4) indication with channel-end for the
command.

The PFR area in auxiliary storage is
separate from the area used for data to be
punched. When the first card is fed in
during a run-in operation, data from that
card is automatically read into the PFR
area of auxiliary storage.

If the first run-in card contains no
punches, the PFR area of auxiliary storage
contains blanks after run-in. This data
remains in the PFR area of auxiliary
storage until the first PFR write command
is executed. If a read command is executed
at any time before the PFR write command,
the data sent to program storage from the
PFR area of auxiliary storage is that read
from the first run-in card, regardless of
the number of cards that have been punched
since run-in.

This action differs from a 2540 PFR
operation on a 2540 attached to the system
through a 2821 Control Unit. In the
282172540, a single buffer is shared for
both PFR read data and punch data.
Therefore, in the 2821 the first read
command causes data from the last card
punched to be sent to main storage.

In the integrated 2540 attached to
Systen/360 Model 25, however, a PFR write
command must be issued to read card data
from the PFR brushes into the PFR area of
auxiliary storage (except for the first
card read during run-in). This data then
remains in the PFR area of auxiliary
storage until another PFR write command is
issued to read a subsequent card.

Note also that read commands to a punch
without the PFR feature cause a unit-check
(due to command reject, sense bit 0) at
initial selection. This is not the case
for a 2540 attached to a 2821 control unit.

TERMINATION OPERATIONS

If the end-of-file key is operated (for the
card reader), cards continue to feed under
program control after the hopper empties.
After the last card has been read and
stacked in the selected stacker,
unit-exception status is given at initial
selection of the next read command.
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The reader is then in a not-ready
condition after status for the last command
has been accepted by the channel. It must
be returned to a ready condition before
commands can be accepted.

If the end-of-file key (provided for the
punch only if the PFR feature is used) for
the punch is operated, the next valid read
command (following the command used to read
the last-card data) causes a unit-exception
status indication at initial selection. If
additional read commands are given without
an intervening write, feed, and stacker
select command, unit-exception status
continues to be given at each initial
selection.

When unit-exception status is indicated
for a read command (for the punch with
PFR), a card is still at the pre-check
station. Here, a write command, either for
PFR or a normal write command, must be
given (codes to be sent can be blank codes)
so that the last card can be check-read and
stacked. The device-end, given after the
last write command, is accompanied by
unit-check status if a check condition
occurred during execution of the last write
command. The punch is then in a not-ready
condition. It must be made ready to
respond to subsequent commands.

If the end-of-file key has not been
operated and the last card is fed from the
hopper the Ready light on the affected unit
(reader or punch) goes out. Then, place
cards in the empty hopper and press the
start key (reader or punch). The ready
light should turn on.

Whenever either the reader or punch is
made ready, a not-ready-to-ready device-end
is presented for the affected device to the
channel. This device-end must be cleared
(by an I/0 interruption or a Test I/O or
Start I/0 instruction) before an operation
with that device can be initiated.

OPERATION COMMANDS

To save processing time and program-storage
space, setting up specific data modes is
accomplished by modifier bits in the
eight-bit command byte of the CCW rather
than by separate control codes.

In the following command descriptions,
the type-letters establish command
sequences that can be given. The first
letter of a command type-code must match
the last letter of the type code of the
preceding command. Otherwise, the sequence
is invalid. For example, the sequence:



Type AA
Type AB
Type BA
is valid, while:
Type AA
Type BA
is invalid.
exceptions:

This sequence rule has two

1. The succession of two read and no
stacker selection commands (type AB),
and

2. A read and no stacker selection command
(type AB) followed by a read, feed, and
select stacker (type AA) command.

In either of these two cases, the commands
are executed, but unit-check status (bit 6)
and unusual-command-sequence sense (bit 6)
are set on.

Also, the first command to the reader
after initial run-in should be a read.
(However, a sense, Test I/0, or No-Op
command can be executed.) A feed and
stacker select command given just after
initial run-in is rejected.

If it is desired to stack a card as a
result of the data read from that card, a
read-and-no-feed or stacker-select command
should be given first. The information can
then be processed and the decision as to
where to stack the card can be made. A
feed and stacker select command should be
given to send the card to the appropriate
stacker.

In the following command descriptions,
the "C" in the 2-bit position indicates
data mode 1 if a "0", and data mode 2 if a
"1". Reading is done only in data mode 1
for any punch-feed-read card reading
operation (the 2-bit position is ignored).
If column binary is not installed,
operation is in data mode 1 regardless of
the bit-2 value.

INCORRECT-LENGTH-RECORD CONSIDERATIONS

A maximum of 80 bytes can be transferred
for any command specifying data mode 1.

For data mode 2 commands, however, two
bytes are transferred for each card column.
Therefore, a maximum of 160 bytes
(specified by an initial CCW data count of
160) can be transferred for a column-binary
operation.

The first Lkyte for a column-binary data
transfer pertains to the top half (punch
positions 12 through 3) of card column one;
the second byte pertains to the bottom half
(punch positions 4 through 9) of card
column one; the third byte pertains to the

top half of card column 2; and so on.
Therefore, when an odd number of bytes is
to be transferred in a column-binary
operation, the last byte pertains to the
top half of the last card column used.
(Reading or punching always begin at column
one, unless columns are skipped. The SKIP
flag in a CCW, however, pertains to 2540
reader operations only).

If less than 160 byte-transfers are
required, the SLI (Suppress Length
Indication) flag should be on in the
command being executed (where the data
count is initially less than 160) to avoid
an incorrect-length indication. (The
comparable CCW data count in data mode 1 is
80.) 1If data chaining is used, the last
CCW in the chain should have its SLI flag
on to avoid an incorrect-length indication
if the total number of bytes transferred to
or from the 2540 for the chain is less than
the maximum record size (i.e., 80 bytes in
data mode 1, 160 bytes in data mode 2).

If data mode 1 is specified in a read
command and column binary cards (with more
than one punch in card rows 1 through 7 of
any single card column) are then read:

1. Unit-check status is indicated with
channel-end, and

2. Sense bit 4 (data check) is sent to the
CPU on a subsequent sense command
operation.

If data mode 1 is specified in a write
command and the data count in any CCW is
greater than 80, an incorrect-length
indication is in the channel status stored
in the CSw.

A CCW data count greater than 160 causes
the incorrect-length indication for a data
mode 2 operation.

The incorrect-length indication is not
given if the SLI flag is on in the CCW
specifying a count greater than 80 (or 160
in data mode 2). However, if a CCW (with
its data chain flag on) specifies a count
greater than the maximum record size (80 or
160, depending upon mode), the incorrect
length indication will be given regardless
of the setting of the SLI bit.

READ FEED AND SELECT STACKER (TYPE AA)

Stacker Command Byte
R1 00C 00010
R2 01C 00010
RP3 10C 00010
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alidity

1. Valid for reader.
2. Invalid for punch with or without PFR.

Sequence

1. Should follow a type AA or a type BA
command.

2. Can follow a read-and-no-feed or
stacker selection {(type AB) command.
In this case, unit-check accompanies
channel-end of the read, feed, and
select stacker (type AA) command.
Unusual command sequence (sense bit 6)
is indicated on a subsequent sense
operation.

Action (Figure 52)

storage,
stacker.
3. The next-card data is read into the

is fed to the specified

Assume command code = 01000010

@ Specifies data mode 1 and stacker R2.

Card Positions Before
Command is Executed

Action
@ Data from card @ is transferred from the

reader area of auxiliary storage to program
storage.

@ All cards are fed one station.

@ Data from card (2) is in the reader area of
auxiliary storage after card feeding stops.

Card Positions After
Command is Executed

Reader data is sent to program storage.
The card, whose data is sent to program

RP3

reader area of auxiliary storage during
the card-feed cycle.

Normal Ending Status

1.

Channel-end is presented to the channel
after the end of data transfer (i.e.,
CCwW data count goes to zero, or the
end-of-record is reached).

Device-end is presented to the channel
after the end of the card feed cycle.

Unusual Status

1.

R2

“l

Station

Station

Unit exception (bit 7) at initial
selection if:
a. End-of-file is on, and
b. The last card has been stacked by
the preceding command.
Unit-check (bit 6) alone at initial
selection for
a. Intervention required (sense bit 1)
b. Command reject (sense bit 0).
Unit-check (bit 6) with channel-end
d Read
Pre-Stacker gte:tion 1 H oi‘jer
Read Station 2
R1
Pre-Stacker Read Read

Station 1

Read Station 2

RP3

Figure 52.
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R2

R1

Read, Feed, and Select Stacker (Type AA)



for:

Action (Figure 53)

a. Equipment check (sense bit 3), or
b. Data check (sense bit 4). This
check does not occur if column 1.
binary is installed and the
operation is in data mode 2.
c. Unusual command sequence (sense bit
6) (See item 2 under Sequence.)

READ AND NO FEED OR STACKER SELECTION (TYPE
AB)

Data is sent from the reader (or PFR,
if PFR is installed and the command is
sent to the punch) auxiliary storage
area to the program storage area
specified in the CCW.

No card is fed.

If the read and no feed or stacker
selection command is issued to a punch
without PFR, that command is rejected.

Normal Ending Status

Command Eyte

Channel-end and device-end are
the channel together after the

presented to
end of data

11C 00010 transfer.
Unusual Status
validity
1. Unit-exception (bit 7) for the reader
1. Valid to reader or punch (with PFR). at initial selection if:
2. Invalid to punch without PFR. a. End-of-file is on, and
b. The last carxd has been stacked by
the preceding command.
2. Unit-exception (bit 7) for PFR at
Sequence initial selection if:
a. End-of-file is on, and
b. The last card data has been sent to

1. Should follow a type AA or a type BA the CPU by a preceding read
command. command.

2. This command can follow itself. 1In Note: In this case, a card is still
this case, both commands are executed, at the pre-check station. This card
but unit-check accompanies channel-end can be stacked by a write, feed, and
of the second command. Unusual command select stacker command. Blank data
sequence (sense bit 6) is sent to the codes can be sent for this command.
CPU on a subsequent sense operation. This operation checks and stacks the

Assume command code = 11000010

@ Specifies data mode 1.
Card Positions Before and After Pre-Stacker Read Read
the Command is Executed Station Station 1 Hopper
Action
@ Data from card @ is transferred from the @-
reader area of auxiliary storage to program
storage.
@ Nocard is fed. Read Station 2
RP3 R2 R1

@® Data from card @ is still available in the
reader area of auxiliary storage after the
command is executed.

Figure 53.

Read and No Feed or Stacker Selection (Type AB)
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last card. Unit exception is given at
each initial selection for read
commands until the last card is
stacked. After that card is stacked,
the punch becomes not-ready.

3. Unit-check (bit 6) alone at initial
selection for:
a. Intervention required (sense bit
1), ox
b. Command reject (sense bit 0) if the
command is issued to a punch
without PFR.

4. Unit-check (bit 6) with channel-end and
device-end (they occur together) for:
a. Equipment check (sense bit 3), or
b. Data check (sense bit 4). This
check does not occur for the reader
if column binary is installed and
the operation is in data mode 2.
(PFR always operates in data mode
1.)

c. Unusual command sequence (sense bit
6). (See item 2 under Sequence.)

Assume command code = 01100011

@® Specifies stacker R2.

Card Positions Before
Command is Executed

FEED AND SELECT STACKER (TYPE BA)

Stacker Command Eyte
R1 001 00011
R2 011 00011
RP3 101 00011

vValidity

1. Valid for reader.

2. Invalid for punch (with or without
PFR).

Sequence

1. should follow a type AB or a type BB
command.

2. Cannot be the first command to the

Pre-Stacker Read
Station Station 1

reader after initial run-in.

Read
Hopper

OF 4O)

Action
® Card (D) is stacked in R2.
R2 ]

@ Card @ data is in the reader area of
auxiliary storage at completion of card
feeding.

RP3

@® No data is transferred to program storage.

Card Positions After
Command |s Executed

Read Station 2
R1

Pre-Stacker

Station

@

7~

RP3

Figure 54. Feed and Select Stacker (Type BA)
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R1 Read Station 2



Action (Figure 54)

1. The card stacked is the one whose data
was sent to program storage on the
preceding read command.

2. The data from the card passing the read
station is read into the reader section
of auxiliary storage. (The
punched-hole patterns can be in data
mode 1 or data mode 2; no check
condition, if any, for mode is
indicated until a read command is
subsequently executed.)

Normal Ending Status

1. Channel-end is presented to the channel
at initial selection (command
immediate).

2. Device-end is presented to the channel
after card reading (into auxiliary
storage) is completed.

Unusual Status

1. Unit-check (bit 6) at initial selection

for:

a. Intervention required (sense bit
1), or

b. Command reject (sense bit 0). The
command is issued to the punch
(with or without PFR); the command
is the first to the reader after
initial run-in; or, this command
does not follow a type AB or a type
BB cormand.

2. Unit-check (bit 6) does not occur with
channel-end or device-end for this
command.

PFR WRITE, FEED, AND SELECT STACKER (TYPE
BA)

Stacker Command Byte
Pl 00C 01001
P2 01C 01001
RP3 10C 01001
Validity

1. Valid for the punch (with PFR only).
2., 1Invalid for the reader.

Sequence

Should follow a type AB or a type BB
command.

Action (Figure 55)

A. First command after initial run-in:

1. Data is sent from program storage
to the punch section of auxiliary
storage.

2. A feed cycle is performed so that
the data sent is punched into the
card at the punch station.

3. Stacker selection specified by this
command pertains to the card that
is being punched. This stacker
selection information is retained
so that, on the next feed cycle,
the card is stacked in the selected
stacker.

B. Other than first command after initial
run-in:

1. Data is sent from program storage
to the punch area of auxiliary
storage.

2. This data is punched in the card at
the punch station.

3. Stacker selection specified by this
command pertains to the card that
is being punched.

4. The card punched by the preceding
command is stacked as specified by
that preceding command. If,
however, data read at the punch
check station does not compare with
the total hole count from the data
punched and the data read at the
PFR brushes, the card read at the
punch-check station is stacked in
Pl. The card punched on this
command is also stacked into P1 on
the next feed cycle.

C. 1If PFR is installed, data is read from
the next card by the PFR brushes into
the PFR area in auxiliary storage. The
card read by these brushes stops at the
pre-punch station.

Operation in data mode 2 (if column
binary is installed) pertains only to the
card being punched. The card read by the
PFR brushes is always read in data mode 1.
If column binary is not installed, the card
is punched in data mode 1 regardless of the
setting of bit 2 in tne command byte.
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ume command code = 10001001

@® Specifies data mode 1 and stacker RP3.

Figure 55.

Card Positions Before
Command Is Executed

Action

@ Data record sent from program storage is
punched into card .

® Card @ is stacked into RP3 in the next
feed cycle.

@ Data is read from card @ and written
into the PFR area of auxiliary storage.

Card Positions After

Command is Executed. Punch

Hopper

If PFR is not installed, this command

functions in the same manner as the write,

feed,

and select stacker {(type BB) command.

Normal Ending Status

1.

Channel-end is presented to the channel
after the end of data transfer from
program storage to the punch area of
auxiliary storage.

Device-end occurs after card punching
is completed.

Unusual Status

1.

126

Unit check (bit 6) alone at initial
selection for:

a. Intervention required (sense bit
1), orx
b. Command reject (sense bit 0). This

command is sent to the reader or to
the punch without PFR, or this
command follows a type BA or a type
AA cormmand.

Unit-check (bit 6) is presented with
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PFR Brushes

Punch
Station

Punch Check
Station

- Uy

P1 P2 RP3

Punch
Station

Rk
\

PFR Brushes

Punch Check
Station

UL

PFR Write, Feed, and Select Stacker (Type BA)

device-end for equipment check (sense
bit 3). This indication specifies that
the number of holes punched in the
preceding card do not match the number
of holes that should have been punched.
Therefore, this check applies to the
card punched on the preceding command.
(Hole-count data from the PFR brushes
and from the punch station are combined
and compared with the punch-check-brush
hole count, if PFR is installed.)

WRITE, FEED, AND SELECT STACKER (TYPE BB)
Stacker Command Byte
P1 00C 00001
P2 01C 00001
RP3 10C 00001
Validity
1. Valid for the punch (with or without

2.

PFR)
Invalid for the reader.



Assume command code = 010000001

@ Specifies data mode 1 and stacker P2.

Card Positions Before

Punch
Command |Is Executed unc

Action

The data record sent from program storage
is punched into card .

® Card @ is stacker-selected according to
the stacker specified by the preceding

command.

Stacker-selection information for card
is retained until card is fed into
stacker P2 on a subsequent command.

Punch

H er
Card Positions After ope

Command Is Executed

15 ®

==

Figure 56.

Sequence

Should follow a type AB or a type BB
command.

Action (Figure 56)

This command functions in the same manner
as the PFR write, feed, and select stacker
(Type BA) command except that card data is
not read by the PFR brushes. If prepunched
cards are punched by this command,
~hole-count checks occur because the
prepunched hole patterns are not read by
the PFR bkrushes.

Normal Ending Status

The same as for the PFR write, feed,
select stacker (Type BA) command.

and

o -
=\

Punch

Station Punch Check

Station

- UEd

Blank Station
(PFR Brushes
Installed Here)

Punch

Station Punch Check

Station

@

iy

P1 P2 RP3

Blank Station
(PFR Brushes
installed Here}

Write, Feed, and Select Stacker (Type BB)

Unusual Status

The same as for the PFR write, feed, and
select stacker (Type BA) command, except
that this command does not cause a
unit-check (due to command reject) if
issued to the punch without PFR.

SENSE AND NO-OP

The bit structures for these command are:

Operation Code Bits

012345¢67
Sense 0 0000100
No-Op 0 0 000011

The sense command should have an initial
data count of 1, because the attachment
returns only one sense byte for the device
(reader or punch) addressed for the sense
operation. Channel-end and device-end
status are presented to the CPU after the
sense byte is accepted by the CPU.
Therefore, a sense operation is not an
immediate operation.
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NTEGRATED 2540 UNIT-STATUS BYTES

A unit-status byte indicates to the channel
the condition or status of the input/output
device involved. With the exception of
busy and unit-check (caused by intervention
required) any unit-status bits are reset in
the attachment for the 2540 reader or punch
when they have been accepted by the
channel.

The unit-check caused by intervention
required is reset only after the
intervention required condition has been
corrected.

Busy is reset only after device-end for
an operation is cleared. If the device-end
for an operation is cleared. If the
device-end is cleared by a Start 1I/0, busy
accompanies device-end in the CSW stored
for the Start I/0 operation. Busy is not
indicated in the CSW stored as a result of
executing a Test I/0 to a device with
outstanding status. If the device is busy
performing an operation (channel-end for
the operation has not yet occurred), when
it is addressed for execution of the Test
I/0 instruction, the condition code is set
to 2 and a CSW is not stored. If, however,
the current device operation:

1. has progressed to the interval between
channel-end and device-end, and

2. channel-end for the operation has
already been cleared and stored in a
CSW, and

3. the device (reader or punch) is
addressed for execution of a Test I/O
instruction,

then busy status is in the CSW stored as a
result of execution of that Test 1/0.

Note that the 2540 attachment presents
separate status bytes to the channel: one
for the reader, one for the punch. Only
one unit-status byte, depending upon the
unit involved, however, is presented to the
channel at any specific time.

Bit O--Attention

Not used.

Bit 1--Status Modifier

Not used.
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Bit 2--Control Unit End

Not used.

Bit 3--Bus

Busy status, given at initial selection for
a Test I/0 instruction, indicates that the
addressed device is performing a previously
initiated operation, channel-end for the
operation has already been stored in a CSW,
but device-end for the operation has not
yet occurred.

Busy status is in the CSW stored as a
result of execution of a Start I/0
instruction only if the device has
outstanding status that does not include
channel-end. (See the Integrated 2540
Status Byte Bit Combinations section.)

Bit 4--Channel-End

This bit indicates that data transfer, if
any, between the addressed device (reader
or punch) and the channel has been
completed. The data transfer is completed
at the end of the maximum record size for
the operation (80 bytes for a data mode 1
record; 160 bytes in column binary, data
mode 2) or when the channel specifies that
the operation should be stopped (CCW data
count has gone to. zero).

Also, channel-end is presented to the
channel as soon as a command for which no
data transfer is required is accepted by
the 2540 attachment for the addressed
device. The commands that cause this
action are called immediate commands and
for the 2540 are:

1. For the reader ‘
* Feed and select stacker (Type BA)
¢ No-Op

2. For the punch
s No-Op

Bit 5--Device-End

This bit indicates that the reader (or the
punch) has completed the previous command
or has just been placed in the ready state.
The device is then free to accept a new
command.



The 2540 attachment attempts to present
device-end (for the reader or punch) to the
channel when the reader or the punch is
made ready. This status must be accepted
by the channel and indicated in a CSW
before an operation for the affected unit
can be initiated.

Device-end is presented to the channel
with channel- end in the following
instances.

1. For the reader
e Read and no feed or stacker selection
(Type AB) (after the end of data
transfer for the command)
e No-Op
e Sense (after the sense byte has been
transferred to the channel).

2. For the punch

¢ Read and no feed or stacker selection
(Type AB) (after the end of data
transfer for the command; this
command is used only when the punch
has the PFR feature)

¢ Sense (after the sense byte has been
transferred to the channel)

*No-Op.

Bit 6--Unit-Check

This kit indicates that the reader or punch
requires program or operator intervention.
It is a summary of sense bits 0, 1, 3, 4,
and 6. See the descriptions of these bits
for information concerning when unit-check
is presented to the channel for the various
commands.

Bit 7--Unit Exception (End of File)

This bit pertains to the reader or punch
(with PFR) and indicates that the last card
from the hopper has been read and stacked
in the reader; or read kut not stacked in
the punch. These actions can occur only if
end-of-file is on. (End-of-file is
available in the punch only if the punch
has the PFR feature installed.) Unit
exception is given for read commands only;
it is not given in punch write operations,
even if PFR is installed. The
unit-exception bit is reset under the
following conditions.

1. For the reader
e Pressing the stop key.
e Acceptance of the unit-exception
condition by the program.

2. For the punch

* Pressing the stop key.

¢ Any feed command. Note that for reqy
commands, unit exception is presente
in the initial-selection status and
the bit is not reset.

SENSE BYTES, 2540

The intervention-required sense bit is
reset when the responsible condition is
corrected. All other sense bits are reset
the next time the program causes the 2540
to be selected, except when the selection
is due to one of the following.

1. Test I/0 instruction executed
2. Halt I/0 instruction executed
3. Sense command initiated
4. No-Op command initiated.

The 2540 attachment provides two
separate sense bytes: one for the reader,
one for the punch. Only one byte or the
other, however, is stored in the CSW on a
sense command operation, depending upon
which unit (the reader or the punch) is
addressed for execution of this operation.

Bit 0--Command Re‘ject

For the reader, command reject is set on
for any of the following.

1. If a feed and stacker select command is
given just after initial run-in, or if
a feed and stacker select command does
not follow a type AB or a type BB
command.

2. Any write command, or any command
operation byte bit-pattern not defined
in this functional specification (for
the 2540 reader) is issued to the
reader.

For the punch, command reject is set on for
any of the following.

1. A read, feed, and select stacker (Type
AA) command is given.

2. A feed and select stacker (Type BA) is
given.

3. A PFR write, feed, and select stacker
(Type BA), or a write, feed, and select
stacker (Type BB) command is given
after any command type other than a
type AB or a type BB command.

4. A read command is issued to a punch
that does not have the PFR feature.
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5 Any command byte bit-pattern not
defined in this functional
specification (for the 2540 punch) is
issued to the punch.

In all cases, for both the reader and the
punch, unit-check is presented to the
channel at initial selection of the command
for which the command-reject condition
occurs.

Note also that if the column-binary
feature is not installed, commands with bit
2 in the command byte set to 1 (i.e., data
mode 2 is specified) are executed in data
mode 1 and do not cause the command-reject
indication.

Bit 1--Intervention Required

This bit indicates that some type of
operator intervention is required. That
is, for the addressed unit (reader or
punch:

1. A stacker has become full (the stacker
light is on),

2. The chip box has become full or is
missing (punch only; the chips light
turns on),

3. A feed check has occurred {(in a portion
of the feed that is not over the
stackers; the feed-stop light turns
on),

4. A transport check has occurred (a card
feed problem over the stacker area has
occurred; the transport Light turns
on),

5. An empty-hopper condition occurs, or

6. The stop key for the affected unit is
operated.

For all of these conditions, the unit is
not ready and the ready light for that unit
is off.

Unit-check status, due to an
intervention-required condition, is
returned to the channel only at initial
selection (i.e., when a new command is
issued to the affected device).
Unit-check, however, is not reset, even
though presented to the channel, until
after the intervention-required condition
is corrected. This unit-check is not
returned to the channel during the
selection sequence for a sense command, SO
that the sense command can be executed.
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Bit 2--Bus-Out Check

This bit is not used for integrated 2540
operations.

In the 2540 attached to a 2821 Control
Unit, bus-out check is turned on when a
data byte or command byte with even parity
is received from the channel by the 2821.
Because the integrated 2540 on the
System/360 Model 25 does not operate
through the standard System/360 channel
interface, data or command bytes are not
handled in the same manner as in the
2540/2821. When such a parity check occurs
in the integrated 2540 attached to the
Model 25, the error is charged to the CPU,
and a machine check occurs.

Bit 3--Equipment Check

Equipment check is set on, for the reader

or punch, when:

1. A shift-register-sync error or an
address check occurs (both of these are
circuit errors in the 2540-attachment
internal controls), or

2. A hole-count error is detected in the
affected unit. This check, in the
reader, is a result of a mismatch of
the hole-patterns read from a card at
the first read station compared to the
hole-patterns read from the same card
at the second read station.

In the punch, the hole count error
is a result of a mismatch between the
hole-patterns read from a card at the
punch~check brushes compared to the
number of holes that should have been
punched in the card. If the punch has
the PFR feature, the comparison is made
between the:

a. total hole count derived from the
hole-patterns read at the PFR
brushes and the holes punched at
the punch station, and

b. the total hole-count read at the
punch-check brushes.

3. Data overrun occurs. A data overrun
can occur only when cards are being fed
and is caused by an insufficient number
of CPU cycles being made available for
2540 microprogram trap operations. The
priority circuits are designed to
guarantee the reader a sufficient
number of cycles for data transfer. An
overrun should never occur except as a
failure in the priority circuits.

For the reader, overrun can occur:



a. during run-in, or

b. during any card-feed cycle in
which a card is being read by
the read brushes.

For the punch, overrun can occur;

a. during run-in (even though no
data is being punched or read),
or

b. during any card-feed cycle in
which data is being punched.

In the reader, unit-check for this
indication is sent only at channel-end for
a read command and applies only to the card
for which data is transmitted on the read.
In punching, the unit-check indication is
sent only with device-end on a write
command and applies to the previous card
punched. However, when punching, the
unit-check may be sent with channel-end, if
channel-end status has not been accepted
within 170 milliseconds after completion of
data transfer. If this occurs, the
unit-check indication is also sent with
device-end. In any case, the unit-check
applies to the previous card punched.

For PFR only, the hole-count check is
indicated by unit-check with device-end on
the second write command (i.e., the command
on which the card that was read at the PFR
brushes is check-read at the punch-check
brushes).

Bit 4--Data Check

This bit indicates that an invalid card
code has been detected in the reader or in
the punch (on PFR read operation only).

The indication (i.e., unit-check) occurs
with channel-end on a read command for both
the reader and the punch (with PFR) and
pertains to the card for which the data was
sent to program storage. Data check
indicates that more than one punch exists
in rows 1 through 7 of any single card
column. This check is not operative when
data mode 2 is used. Data mode 2, however,
is not used for PFR read operations.

The validity check is made when the data
is read at the PFR brushes, not when a
hole-count check is made at the punch-check
brushes.

Bit 5--Overrun

Not used.

Bit 6--Unusual Command Sequence

On the reader or punch (with PFR), this
indicates a read following a read with no
intervening feed. Both read commands,
however, are executed. (Unit-check is
presented with channel-end of the second
read command to indicate the condition.)

PROGRAMMING TIMING CONSIDERATIONS

CARD READING

The reader allows for either a
25-millisecond or a 20-millisecond maximum
access time to the clutch on the
800-card-per-minute (51-column
interchangeable read feed feature) and
1000-card-per-minute reader, respectively.
That is, if a feed order is given to the
card reader immediately following the
clutch decision point (Figure 51) start of
feeding is delayed for 25ms on the 800 cpm
reader and 20ms on the 1000 cpm reader. If
no cards have been fed for 30 seconds or
more, the motor stops and a 500-millisecond
clutch access is required on the next
command.

To keep the reader running at maximum
speed, a new feed command must be given
after device-end but before the
clutch-decision point. When the feed is
given with a read command, the data
transfer is completed before the clutch can
be activated (Figure 57).

CARD PUNCHING

The punch allows a 50-millisecond maximum
access time to the clutch. If no cards
have been fed for 30 seconds or more, the
motor stops and a 500-millisecond clutch
access is required on the next command.

To keep the punch running at maximum
speed, a new write command must be given
and the data transfer completed before the
clutch decision point following device-end
(Figure 58).
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800 cards per minute {51-column Card Feature)

Clutch Clutch
Decision Decision
Point 75 ms Point 25 ms
Clutch o
Access
23 ms 1. 44 ms L 8 ms Time
Read Start e Card Reading Devicle End
1000 cards per minute
Clutch
- . Decision”
Clutch Decision Point 60 ms Point 20 ms K
bl |
Clutch
Access
18 ms N 35.5ms 6.5 ms Time
> , fe—>
Read Start Card Reading Device
End
Figure 57. Card Read Timings (2540)
300 cards per minute
Cluteh Clutch
Decision wor
. Decision
Point Ti
200 ms 'me 50ms 4
Clutch o
Access Time
3Bms g 151 ms 14 ms
o o Card Readi A
Punch Start ar eading Device End
Figure 58. Card Punch Timings (25u40)

CHANNEL-END TO DEVICE-END

The minimum time from generation of
channel-end to generation of device-end is:

Reader
1. 1000 cpm 50ms
2. 800 cpm 63ms
Punch
300 cpm 175ms

DATA TRANSFER RATE

Average data transfer time per byte is:

Device Data Mode 1 Data Mode 2
Fronr the reader: 2.0ms 1.6ms
80 160
To punch: 3.4ms 4.3ms
80 160
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HALT I/O INSTRUCTION TO 2540

The results of execution of a Halt I/0
instruction to either the 2540 reader or
punch are:

Device Condition Results of HALT I/0

The condition code
is set to 1; the
status portions of
the CSW are set to
all zeros.

Not performing
an operation



The condition code
is set to 1;

command chaining is
suppressed; the
status portions of
the CSW are set to
all zeros;
channeli-end, for the
operation, will not
subsequently be
indicated.
Device-end, after it
occurs, will cause an
I1/0 interruption, or
this device-end can
be cleared by a Test
I/0 instruction.

Between channel-end
and device-end for
a command-chained
operation.

The condition code
is set to 0.

The device has
outstanding status
for an operation, or
device-end for a
not-ready-to-ready
transition.

INTEGRATED 2540 STATUS-BYTE BIT
COMBINATIONS

The following are status combinations that
can be sent to the CPU by the 2540
attachment. For information as to how
status is placed in the CSW, refer to 1IBM
System/360 Principles of Cperation, Form
A22-6821.

Note that there should never be a status
comkination that includes a 1 in bit
positions 0, 1, or 2.

Those combinations that should not occur

will occur only as a result of a machine
malfunction.

1. 0000 0000

This is the normal response to a valid
command when the addressed device (reader
or punch) is ready and not busy. This
response indicates that the command is
accepted. However, this status is not
placed in the CSW when a command is
accepted.

All-zero unit status can appear in the CSW:

a. As a result of an I/O interruption to
clear a PCI for the device when no
ending unit status is outstanding for
that device (i.e., the chain is still
in progress), or

b. If a CSW is stored as a result of
channel error status conditions (such
as program check or protection) when

there is no outstanding 2540 unit
status.

Note: Even if the addressed device is
not ready, a sense command is accepted and
the all-zero status is returned to the
channel (but not stored in the CSW).

2. 0001 0000 (Busy Bit)

The response to any command (or Test I/0
instruction) issued to the reader or punch
when the device is between channel-end and
device-end for the operation, and
channel-end has previously been stored in
the CSW.

3. 0000 0001 (Unit-Exception Bit)

First occurs at initial selection in
response to a read command to the reader or
punch (with PFR), and indicates that the
last card in the hopper has been read (data
sent to program storage) and stacked in the
reader; or read but not stacked in the
punch.

4. 0001 0001 (Busy and Unit=-EXception
Bits)

Occurs only during initial selection when
the command byte is not for a Test 1/0
instruction execution. This combination is
caused by combination-3 status being
stacked by the channel.

5. 0000 0010 (Unit-Check Bit)

Occurs only at initial selection (if this
status had not been stacked on a previous
sequence). This combination indicates that
the device could not accept the command
because of sense bits 0 or 1.

6. 0001 0010 (Busy and Unit-Check Bits)

Occurs only:
a. during initial selection, and
b. for a command other than a Test I1/0.

This combination is caused by

combination 5 status being stacked by the
channel.
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7. 0000 0011

Should not occur.

8. 0001 0011

Should not occur.

9. 0000 0100 (Device-End Bit)

Indicates that:

a. An operation involving mechanical
motion has been completed, ox

b. The device has gone from the not-ready
to ready state.

This combination is given only in
response to a Test I/0, or when presenting
status in a sequence initiated by the 2540
attachment.

10. 0001 0100 (Busy and Device-End Bits)

ready state before the 6-bit was
accepted.

This combination is given only in
response to a Test I/0 instruction, or when
presenting status in a sequence initiated
by the 2540 attachment.

14. 0001 0110 (Busy, Device-End, and
Unit-Check Bits)

The same as combination 13 except that this
combination occurs only:

a. during initial selection, and

b. for a command other than a Test I/0.

15. 0000 0111

Should not occur.

16. 0001 0111

Same as 9 except that this combination
occurs only:

a, during initial selection, and

b. for a command other than a Test I/0.

11. 0000 0101

Should not occur.

12. 0001 o101

Should not occur.

13. 0000 0110 (Device-End and Unit-cCheck
Bits)

Indicates that:

a. A punch operation has been completed
and that sense bit 3 is on, or

b. The device has gone from the not-ready
to ready state and then reverted to the
not-ready state before the 5-bit being
accepted, or

c. Unit-check status (due to sense bit 0)
was stacked by the channel and the
device went from the not-ready to the
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Should not occur.

17. 0000 1000 (Channel-End Bit)

Indicates that the device is still
performing the mechanical portion of the
operation (i.e., device-end has not yet
occurred). This combination is given only
for a Test I/0 instruction execution, or
when status is presented in a sequence
initiated by the 2540 attachment.

18. 0001 1000

Should not occur.

19. 0000 1001

Should not occur.

20. 0001 1001

Should not occur.



21. 0000 1010 (Chanmnel-End and Unit-Check

27. 0000 1101 (Channel-End, Device-End,

Bits)

Indicates (for the reader only) that:

a. Data transfer has been completed for a
read, feed and stacker select command,

b. The reader is taking a feed, and

c. Any one or more of sense bits 3, 4, and
6 is on.

This combination can also occur while
punching if channel-end status has not been
accepted within 170ms after completion of
the data transfer. 1In this case, sense bit
3 would be on.

This combination occurs only as a result
of execution of a Test I/0 instruction or
when the status presentation sequence is
initiated by the 2540 attachment.

22. 0001 1010

Should not occur.

23.__ 0000 1011

Should not occur.

24. 0001 1011

Should not occur.

25. 0000 1100 (Channel-End and Device-End
Bits)

Indicates that the device has completed an
operation for which channel-end and
device-end occur together. Or, if
channel-end occurs before device-end in an
operation, this combination indicates that
channel-end was not cleared before
device-end occurred.

26. 0001 1100

Should not occur.

and Unit-Exception Bits)

This combination should not occur.

28. 0001 1101

Should not occur.

29. 0000 11310 (Channel-End, Device-End,

and Unit-Check)

Indicates that the device has completed an

operation but channel-end and device-end

status has not yet been accepted by the

channel and:

a. One or more of sense bits 3, 4, and 6
is on for a read, or

b. Sense bit 3 is on for a write.

This combination occurs only as a result
of execution of a Test I/0 instruction, or
when status is presented in a sequence
initiated by the 2540 attachment.

30. 0001 1110

Should not occur.

31. 0000 1111 (Channel-End, Device-End,
Unit-Check, and Unit-Exception Bits)

Should not occur.

32. 0001 1111

Should not occur.

POSSIBLE COMBINATIONS OF SENSE BITS IN A
SENSE _EYTE

Assume, for these descriptions, that the
previous command had been executed, and
that the unit-check status was given with
channel-end or device-end, except where
noted.
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Previous Command Sense Bits

Read (reader or
punch with PFR)

Any one or more of the

following:

B3 - equipment check

B6 - unusualecommand (and
possibly B1 -
intervention
required).

Feed and Stacker
Select

Possibly Bl1-
intervention required
(the operator might have
pressed the stop key).
Note: There is no
unit-check indication
with channel-end or
device-end for this
command.

B3 - equipment check (and
possibly Bl -
intervention
required).

Write

SUGGESTED 2540 OPERATING AND RESTART
PROCEDURES

Initial Start

To begin operation with the 2540 reader:

1. Perform an NPRO (nonprocess runout)
operation by opening the joggler gate,
emptying the hopper, and pressing the
reader start key to ensure that no
cards are left in the feed.:

2. Load the desired cards into the hopper
of the file-feed magazine, and close
the joggler plate. Card decks less
than one-inch thick should be placed
directly in the hopper with the card
weight; larger decks can be placed in
the file-feed magazine.

3. Press the reader start key.

To begin operation with the 2540 punch:

1. Perform an NPRO operation by emptying
the hopper and pressing the punch start
key.

2. Load the desired cards into the punch
hopper.

3. Press the punch start key.
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Restarts from Error Conditions

The 2540 uses the flexible System/360
command set; therefore, different external
error conditions can each require different
restart procedures, depending on whether
the 2540 operation is reading, punching, or
PFR. If the program provides some
programmed message. to indicate the 2540
sense conditions (such as PR-KB typeout),
the operator can use this message to
determine which specific restart procedure
he should follow. To locate the error card
for read-check and validity-check errors,
the operator should be familiar with the
type of processing used by the program:
that is, whether the program is reading and
stacking each card with a single command,
or delaying the stacker selection until the
data from the card is analyzed.

Figure 59 shows the various 2540 error
indications and appropriate restart
procedures for standard operations, and for
PFR operations.

Jam Removal

For a description of how card jams can be
cleared from the 2540, refer to IBM 2540
Component Description and Operating

Procedures, Form A21-9033.

RESETS

During a power-on reset, both the punch and
reader are reset to a not-ready condition.
A system reset resets everything in the
2540 that a power-on reset affects, except
reader-ready and punch-ready.

The system reset pertains only to units
that are on-line. This reset should be
given only when the devices are not in
mechanical motion. If devices are in
mechanical motion when a system reset is
performed, results are unpredictable, and
the system reset might cause errors that
could go undetected.

If there is any doubt about the status
of the devices at the time the reset is
given, operations with the 2540 should be
terminated. The program should then revert
to the last checkpoint applicable to the
2540.



and punch feeds) are cleared. Operation of
this meter also requires that the customer
meter on the 2025 CPU be operating.

USE_METER (2540)

The 2540 use meter records time from the
acceptance of the first read or write
command until both card transports (read

Indications

Restart Procedures

Reader Feed Stop Light (Only)
Sense Bit 1--Intervention Required (Only)

Note: If read check/bit 3 or validity
check/bit 4 indications accomp-
any feed stop/bit 1, follow pro-
cedure for read check or
validity check.

. Remove cards from stacker R1.

. Open hopper joggler gate and remove cards from hopper.

. Open covers and remove any jammed cards from read feed. Reconstruct any damaged cards.
. With joggler gate still open, press reader start key to clear feed.

. Remove cards just run out into stacker R1, place them and any reconstructed cards, in proper

sequence, ahead of cards removed from hopper, and replace this deck in hopper or ahead of
cards in file feed magazine.

. Close joggler gate.

. Press reader start key.

Reader Feed Stop Light
Reader Check Light
Sense Bit 1--Intervention Required (Only)

This combination of error indications accompanies a 2540 read clutch failure ; there may be
cards in stacker R1 that have not been read. Restart the job from the last checkpoint.

Read Check Light
Sense Bit 3--Equipment Check

(If card is read and stacked with single
command.)

. Remove cards from stacker R1. Determine (perhaps with aid from programmed message)

which was last card read into processing unit, and correct any off-registration punching
in it. Place this corrected card in stacker R1.

. Open joggler gate and remove cards from hopper.
. With joggler gate open, press reader start key to clear read feed.

. Remove cards from stacker R1 and place them ahead of cards removed from hopper. Place

this deck in hopper or ahead of cards in file feed magazine.

. Close joggler gate.

. Press reader start key.

Read Check Light
Sense Bit 3--Equipment Check

(If stacker selection is delayed.)

. Remove cards from stacker R1.

. Follow steps 2-6 of preceding procedure, correcting any off-registration punching in first

card run out into stacker R1.

Validity Check Light
Sense Bit 4--Data Check

{1f card is read and stacked with single
command)

. Remove cards from stacker R1. Determine (perhaps with aid from programmed message)

which was last card read into processing unit (this card may be in another stacker) and
correct any errors in this card. Place the corrected card in stacker R1.

. Open joggler gate and remove cards from hopper.
. With joggler gate open, press reader start key to clear read feed.

. Remove cards from stacker R1 and place them ahead of cards removed from hopper. Place

this deck in hopper or ahead of cards in file feed magazine.

. Close joggler gate.

. Press reader start key.

Figure 59. Restart Procedures - Standard and PFR Operation (Part 1 of 3)
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Indications Restart Procedures

Validity Check Light 1. Remove cards from stacker R1.
Sense Bit 4--Data Check: '
) 2. Open joggler gate and remove cards from hopper.
(If stacker selection is:delayed.)
3. With joggler gate open, press start key to clear read feed.

4. Locate and correct invalid character(s) in first card in stacker R1.

5. Place corrected card ahead of cards in stacker R1. Place all cards in stacker R1 ahead of
cards removed from hopper. Place this deck in hopper or ahead of cards in file feed magazine.

6. Close joggler gate.

7. Press reader start key.

Validity Check Light 1. Remove card from punch hopper.
Punch Check Light
Sense Bit 3--Equipment Check 2. Press punch start key to clear punch feed.

Sense Bit 4--Data Check

3. Remove last three cards from stacker P1.

(If 2540 is performing PFR read operation.)

4. The first of these three cards may have to be reconstructed because it has been read and
punched but not punch-checked.

5. The second card caused the validity check. Correct it as necessary.

6. Place these three cards, after any necessary corrections, in front of the cards removed from
the hopper. Place this deck in the hopper.

7. Press the punch start key.

8. Reconstruct internal data in the system as necessary to restart at the Start 1/0 instruction
that caused the reading of the first card run out of the punch feed in step 3.
Note: In some programs, reconstruction of internal data may not be provided for.
In that case, restart the job from the last checkpoint.

Punch Feed Stop Light (Only) 1. Remove cards from stacker P1.
Sense Bit 1--Intervention Required Only)
2. Remove cards from hopper.
{If the 25640 is not performing PFR
operations.) 3. Open covers and remove any jammed cards from punch feed.

4, Press punch start key to clear punch feed.
5. Discard last card punched (2540 will repunch this card automatically).

6. Replace blank cards in hopper and press punch start key. Last card will be repunched
automatically and 2540 enters ready status.

Figure 59. Restart Procedures - Standard and PFR Operation (Part 2 of 3)
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Indications

Restart Procedures

Punch Feed Stop (Only)
Sense Bit 1--Intervention Required {Only)

(1f 2540 is performing PFR operation.)

. Remove cards from stacker P1.
. Remove cards from hopper.

. Open covers and remove any jammed cards from punch feed. Press punch start key to clear

. Any card removed or run out from between punch station and punch check brushes should

. Place reconstructed cards and cards run out into stacker P1 in proper sequence ahead of cards

. Press punch start key.

. Reconstruct internal data in the system as necessary to restart at the Start |/O instruction

feed.

be reconstructed, because it has been punched but not punch checked.

removed from hopper, and place this deck in hopper.

that caused the first card removed or run out to be read at the PFR station.

Note: In some programs, reconstruction of internal data may not be providedv,for. An that
case, restart the job from the last checkpoint.

Punch Check Light
Sense Bit 3--Equipment Check

(If 2540 is not performing PFR operation
and is using stacker P1.)

. Remove cards from hopper.
. Press punch start key to clear punch feed.

. Remove last four cards from stacker P1. The last two cards are blank; the first two should

. Replace blank cards and cards removed from hopper in hopper.

. Reconstruct internal data in the system as necessary to restart at the Start 1/Q instruction

be discarded.

that caused the first card removed from stacker P1 to be punched.
Note: In some programs, reconstruction of internal data may not be provided for.
In that case, restart the job from the last checkpoint.

Punch Check Light
Sense Bit 3--Equipment Check

(If 2540 is not performing PFR operation
and is not using stacker P1.)

. Examine and correct, if necessary, error card, which is last card in stacker P1. (2540 auto-

. Place this card in appropriate stacker.
. Press punch start key.

. The 2540 will force the card following the error card into stacker P1, also. Place this card

matically routes error cards to stacker P1.)

in the appropriate stacker.

Note: Because the error card and the card following it are both directed to stacker P1, the
program can correct a non-PFR punch check without operator intervention by
repunching both cards and directing them to appropriate stackers. The operator
can then discard all cards in stacker P1 at the end of the job.

Punch Check Light
Sense Bit 3--Equipment Check

(If 2540 is performing PFR operation.)

. Remove cards from punch hopper.
. Press punch start key to clear feed.

. Remove last four cards from stacker P1. The last two cards are correct; pre-punching in

. Place the two reconstructed cards, the two correct cards, and the cards removed from the

. Reconstruct internal data in the system as necessary to restart at the Start 1/0 instruction

the first two must be reconstructed.

hopper, in that sequence, in the hopper.

that caused the first reconstructed card to be read at the PFR station.
Note: In some programs, reconstruction of internal data may not be provided for.
In that case, restart the job from the last checkpoint.

Figure 59. Restart Procedures - Standard and PFR Operation (Part 3 of 3)
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INPUT/OUTPUT CHANNEL CHARACTERISTICS

The standard interface I/0 channels for the
Model 25 are identical to those of other
System/360 systems. For a complete
description of channel operation, refer to
IBM System/360, Principles of Operxation,
Form A22-6821. For details on the channel
standard interface, refer to IEM
System/360, I/0 Interface-Channel to
Control Unit-QEMI, Form A22-6843. This
publication covers the basic philosophy and
defines the limitations imposed by the
Model 25. The standard interface is not
discussed. For information about I/O
devices attaching to the standard
interface, refer to IBM System/360,
Bibliography, Form A22-6822.

The IBM System/360 Model 25 has the
option of either a multiplexer channel or a
selector channel as a special feature. It
cannot have both. A multiplexer channel is
best suited for operating a number of
medium and low-speed devices
simultaneously. The individual device
requests time to transfer a byte of data as
required. A multiplexer channel can also
transfer data in multibyte and burst modes
for those devices that require more data.
In these modes, however, a single device
has exclusive use of the channel during the
transfer period. All other devices
operating on the channel must wait until
the operation is completed. If the wait
exceeds their data transfer rate, the data
requests cannot be handled, and these
devices end their operations with an
overrun error. The selector channel option
is best suited when devices require a
higher rate of data transfer. Devices on
the selector do not time-share. Each
device has exclusive use of the channel
during the data transfer (burst mode).
I/0 device that does not exceed the
selector channel data rate can overlap with
all integrated I/0 devices except 2311
files.

Any

STANDARD I/O INTERFACE

The standard System/360 I/O channel
interface is used to connect the CPU
channel to any similarly equipped I/0
device or device control unit. The
interface is a cable connection having
input data lines, output data lines, and
control lines. These lines along with the
channel controls and the controls in the
device control unit can operate any
connected I/0 device. All of the devices
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connected to the channel connect to the
same group of lines. Selection of a
specific device on the channel is made by
addressing the device for an initial
instruction. In the multiplexer channel
the device can also request service and be
honored through a priority connection
system described under the Multiplexer
Channel.

The standard System/360 is control-unit
limited. This restriction also applies to
the Model 25 multiplexer or selector
channel. Only eight control-unit positions
are available on the channel. A single
control-unit position is needed for each of
the following conditions.

1. An I/O device that has its own control
unit (e.g., 1443 Printer)

2. A unit that services several I1/0
devices concurrently (e.g., a 2821
Control Unit with a 2540 Reader/Punch
and 1403 Printers)

3. A control unit that is shared with
several attached devices of which only
one of the devices can operate at a
time (e.g., a tape control unit with
multiple Magnetic Tape Drives).

CHANNEL DEVICE ADDRESSING

Before a command for operation of an I/0
device can be sent to its control unit, the
device must be addressed. The address is
derived from an I/O instruction and
consists of the low-order 16 bits of the
developed address. The channel address is
contained in the eight high-order bits, and
the device address is in the eight
low-order bits, as follows.

Channel Address Device Address

Bit Position 16-23 24-31

The channel addresses are assigned as the
following hex values.

Multiplexer Channel (Channel 0) 00

Selector Channel (Channel 1) 01.

The eight bits assigned to the device
address can define 256 different addresses
ranging as follows.



Binary Value Hex Value Decimal Value

0000 0000 00 0
to to to
1111 1111 FF 255

Limitations on the use of the device
addresses are discussed under the
individual channels.

INPUT/QUTPUT DEVICES FOR CHANNEL

The following devices are available for
attachment to the System/360 Model 25. See
IBM System/360 Model 25, Confiqurator, Form
A24-3511, and IBM System/360 Input/Output
Configurators, Form A22-6823, to determine
what features are required for the
particular application.

These IBM devices are listed in
numerical order, although some require the
presence of a control unit. Refer to the
SRL publication pertaining to the
individual device for further information.

e Card Readers, Card Punches, Printers, and
control Units

1403 Printer Models 2, N1, 7
1404 Printer Model 2
1442 Card Read-Punch Model N1
1442 Card Punch Model N2
1443 Printer Model N1
1445 Printer Model N1
2501 Card Reader Model B1l, B2
2520 Card Read-Punch Model B1
2520 Card Punch Model B2, B3
2540 Card Read Punch
2821 Control Unit

e *Magnetic Tape and Tape Control Units
2401 Magnetic Tape Unit Model 1
2415 Magnetic Tape Unit and Control
Models 1, 2, 3, 4, 5, and 6
2803 Tape Control Model 1

*Magnetic Tape Units cannot be installed
on the Multiplexer Channel.

¢ Magnetic Character Readers
1259 Magnetic Character Reader Model 2
1412 Magnetic Character Reader
1419 Magnetic Character Reader

* Optical Readers

1231 Optical Mark Page Reader Model N1

1285 Optical Reader

1287 Optical Reader

1418 Optical Character Reader Models 1,
2, 3

1428 Alphameric Optical Reader Models 1,
2, 3

¢ Display and Display Control Units
2260 Display Station
2848 Display Control Models 1, 2, 3

¢ Paper Tape Readers and Controls Units
2671 Paper Tape Reader
2822 Paper Tape Reader Control

e Communication Terminals and Control Units
1030 Data Collection System
1050 pata Communication System
1060 Data Communication System
1070 Process Communication System
2701 Data Adapter Unit
2702 Transmission Control Unit
2703 Transmission Control (32 lines max)
2740 Communication Terminal
2741 Communication Terminal
7770 Rudio Response Unit Model 3
7772 Audio Response Unit

e Data Acquisition and Control System
1801 Processor Control
1802 Processor Control
1826 Data Adapter Unit
1827 Data Contxol Unit
Analog/Digital Input Features
AnalogsDigital Output Features

MULTIPLEXER CHANNEL

The multiplexer channel of the Model 25 is
composed of 32 subchannels, each of which
is capable of controlling one I/O device.
The operations performed on the various
subchannels are executed concurrently with
each other together with processing unit
functions and integrated device operations.
Each subchannel has its functional control
data stored in a 64-bit Unit Control Word
(UCW) contained in auxiliary storage.

The processing unit registers and
special microprogram routines contained in
control storage are used to perform the
multiplexer channel operations. These
operations consist of updating the main
storage address to or from which data is
moved, decrementing the count field for
each byte transferred, and executing
appropriate ending routines (such as
storing the status). As each device
requests service, its UCW is brought out of
auxiliary storage, used, updated, and
returned to storage when the operation is
completed. Hence, the UCW carries a
running record of the operation for the I/0
device assigned. During the channel
routine, the pertinent processing unit data
is preserved in local storage. At the end
of a channel routine, this data is returned
to auxiliary storage and processing
continues.

When channel-0 operates in either burst
or multibyte mode, the processing unit
operation is held up until the required
data transfers are completed. Any
previously started operations on the
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integrated devices continue to operate in
the normal manner through either file share
cycles or trap routines. The times
required for these share cycles and trap
routines reduce the maximum data transfer
speed of the multiplexer channel. The
integrated devices that have a higher data
transfer priority receive service first.

The multiplexer channel can handle the
data rates for connected devices as
specified in Figure 60. These figures
express the data rates permissible in
thousands of data bytes per second. They
are representative of several worst-case
combinations of I/0 device overlap.
Because all of the integrated I/O devices
may not be installed, a specific case will
be somewhat better than stated but not as
high as the next level in the chart.
Considering that most channel operations
involve more than one device, the expressed
data rates are the composite worst-case
conditions for the connected devices. The
lower data rates in the chaining column
allow for the time required to obtain the
new command (for data area) between data
characters.

e St et |
| |Without | With |
| Degree of Overlap | Data | Data |
| |Chaining|Chaining]|

| No Overlap with

| integrated attachments
|]Overlap with integrated
| Reader/Punch/Printer/

| Printer-Keyboard
|Overlap with integrated
| Disk-File only

27 KB

11 KB

©
S
=
os]

|Overlap with integrated
| Reader/Punch/Printer/

| Printer-Keyboard/
|Disk-File

| IS, ——
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Figure 60. Maximum Tolerable Aggregate
Interface Data Rates for

Channel 0

MULTIPLEXER CHANNEL DEVICE PRIORITY

The priority on the multiplexer channel
with which service requests are processed
depends upon the sequence of the device
attachment on the interface cable. The
device that is electrically first on the
cable select line has highest priority. If
the first device does not have a request
waiting, it passes the option along to the
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next device in the electrical sequence. To
reduce the overall interface cable length,
the select line is routed out through the
composite length of the cable and returned
back to the channel interface. The normal
connection with all devices connected in
order along the outbound select line is
shown in Figure 61. Here control unit A
has the highest priority followed by B, C,
and D. A limited amount of change in
priority sequence can be made by connecting
one or more of the control units on the
return line instead of the outbound line.
Figure 62 shows one example of sequence
change with the original cable connections.
Here control unit B has the highest
priority followed by D, C, and A.

When the desired placement of I/0
devices with the shortest cable routing
does not lend itself to the required
sequence, it is necessary to change the
cable routing to one that does produce the
desired sequence. In planning the
connection, note that the first control
unit on the interface cable must be either
highest or lowest priority. The second
unit can be either the alternate or next to
the first unit as high or low. The third
control unit can range from either extreme
to third high or third low, depending on
the first two.

The priority sequence for devices on the
multiplexer channel is determined by the
device requirements for data transfer.
Devices operating in multiplexer mode
(byte) fall into four basic groups as
follows with devices arranged in data rate
sequence within groups.

1. Highest priority must be given to
unbuffered synchronous devices. These
devices transfer data at a fixed rate,
and failure to honor a request within
the prescribed period results in an
overrun error. This group includes
input devices and certain output
devices that have fixed data rates.

2. Unbuffered asynchronous devices are
given priority just below that of the
synchronous group. In this group, if a
data byte does not reach the device
within the prescribed time, the device
can wait for data and does not overrun.
This group contains mostly serial
operating output devices that operate
mechanically with the presence of the
data.

3. Buffered synchronous devices are placed
just below the unbuffered devices in
priority. This group, because of a
prestarted mechanical motion, must
receive the data into or out of its
buffer before the end of a prescribed
time or the throughput is reduced. An



Select-Out Line

O e R

Processing Muitiplexer Control Control Control
Unit Channe! Unit Unit Unit
A B Cc

* < <

Control
Unit
D

Select-In Line
O Control Unit Select Control

Service Sequence A-B-C-D

Figure 61. Priority Servicing, Normal Sequence
/Select-Out Line
Prooe_ssing Mg:‘tiple)l(er Control Control Control Control
Unit anne Unit Unit Unit Unit
A B [ D

<

R g i

Select-In Line
O Control Unit Select Control

Service Sequence B-D-C-A

Figure 62.

example of this group is the 2540
Reader-Punch operating through the 2821
Control Unit. Refer to the SRL
publication for the particular I/0
units for device dependent mechanical
timings.

4. Lowest priority is assigned to devices
that are buffered and operate
asynchronously. These devices do not
initiate their mechanical operation
until the buffer is loaded. Waiting
for data does not cause an overrun
error. An example of this group is the
1403 Printer operating through the 2821
Control Unit.

The IBM 2520 Card Read-Punch does not
fall into a single priority group because
the reader is unbuffered synchronous (group
1) and the punch is buffered synchronous
(group 3). In most cases it can perform
both functions without overrun when it is
placed between group 2 and group 3. 1In
cases wWhere one function is used more than
the other, it may be desirable to change
this assignment.

MULTIPLEXER CHANNEL DEVICE ADDRESSING

The multiplexer channel address (eight
high-order bits of the 16-bit address) is
00 hex. Device addressing on the
multiplexer channel depends upon how a

Priority Servicing, Selected Sequence

device and its control unit operate with
the channel. The Model 25 multiplexer
channel has 32 subchannels, each of which
is associated with an individual device
address. For devices that have their own
control unit self-contained, and for
control units that operate two or more
devices simultaneously (such as the 2821),
individual subchannel addresses are
assigned to each device. These addresses
are designated with a 0O-bit in the
high-order position of the device address.
All of the 32 subchannels can be assigned
to individual control units using the
following addressing.

r T 1
| Subchannel | Device Address |
| (ucw) | Binary |Hex |
b t $-———1
| 0 | 0000 0000| 00 |
| to | to | to |
| 31 | 0001 1111] 1F |
L L L J

For a third class of control units that
can operate two or more devices of which
only one can operate at a time, a single
subchannel can be used with a special
addressing scheme. The first eight
subchannels also can be addressed and
operated as shared subchannels. In this
case, the 0-bit position of the device
address is set to 1. The remaining three
bits of the high-order byte are used to
designate the subchannel instead of the
normally used three bits in the low-order
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byte. The bits of the low-order byte are
then used to designate the device address.
The comparable addresses for use of the
subchannel as individual control unit and
as shared control unit are as follows.

b 1
| Individual Shared |

C.U. Address C.U. Address |
| oCcw Binary Hex Binary Hex |
b oo e |
| O 0000 0000 00 1000 XXXX 8X |
| 1 0000 0001 01 1001 XXXX 9X |
| 2 0000 0010 02 1010 XXXX BAX |
| 3 0000 0011 03 1011 XXXX BX |
| 4 0000 0100 Ou4 1100 XXXX CX |
| 5 0000 0101 05 1101 XXXX DX |
| 6 0000 0110 06 1110 XXXX EX |
| 7 0000 0111 07 1111 XXXX FX |
| t — t t |
| Share Bit———d t—eeepee ¢ | |
| UCW Address Bits——- | |
|Device Address— 4 |
| R— - J

In assigning device addresses, be
careful that a single subchannel is not
addressed by both its individual address
and by its shared address. If this were to
happen, the operation data in the UCW could
be accessed by both device operations and
result in transmission errors for both
devices. In addition these addresses
should not be assigned to any of the
integrated I/0 devices assigned to channel
0 in a manner that would prevent the use of
a UCW as either individual or shared. An
example of this lockout would be the
addressing the 2540 Reader as 01 and the
2540 Punch as 9X. BAny attempt to use
either of these addresses for channel
devices would result in operating either
the reader or punch of the 2540. The
channel UCW-1 could not be used for the
channel because the 2540 is selected first.
The integrated I/0 devices have their own
UCW's.

SELECTOR CHANNEL

The selector channel of the Model 25 is
capable of controlling only one operation-
at a time. Each operation is performed in
burst mode. The remaining devices on the
selector channel cannot be operated during
this period. Operation of the integrated
devices other than the disk storage and
processing unit functions are concurrent
with the operation of the device on the
selector channel. As the data rate
increases on the selector channel (within
specified limits), the available time for
processing is reduced.
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The processing unit registers and
special microprogram routines in control
storage are used to perform selector
channel operations. The selector channel
uses a single unit control word (UCW) in
storage for all devices in much the same
manner as a shared control on the
multiplexer channel. The selector channel
does not require a group of UCWs to retain
channel operating data because only one
operation can be performed at a time. The
operating data remains in the operating
registers in local storage. This results
in a faster data access for data on the
selector channel than on the multiplexer
channel.

when the selector channel is operating
(burst mode) the data is transferred byte
by byte as requested by the device. When
the selector channel is operating within
its maxXimum tolerable speed, there is time
between byte transfers to allow for normal
operation of the integrated I/O devices.
No other operations can occur on either the
selector channel or the integrated disk
storage.

The selector channel can handle the data
rates specified in Figure 63 for connected
devices that are unbuffered for operation.
This means that each byte is requested
separately. A buffered device takes data
as a full record and stores it in an
internal storage. The buffered devices
normally request data at rates higher than
those specified in Figure 63. The buffered
device, however, does not overrun if the
data transfers is delayed. The transfer
can be interrupted after any byte to allow
devices of higher priority to be handled.
For this reason the selector channel is
given a priority above that of the
integrated I/0 devices when operating with
an unbuffered device, and a priority below
that of the other devices when operating
buffered. As noted in Figure 63, without
data chaining the channel data rate remains
constant with any overlap condition. This
is not true when data chaining is being
used. Magnetic tape causes overrun when
data chaining is used.
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| |Without | With |
|

| Degree of Overlap | Data | Data

| |Chaining|Chaining]|
b= ¥ |
|No overlap with | | |
| integrated attachments | 30 KB | 22 KB |
t — -t $- 1
|Overlap with integrated| | |
| Reader/Punch/Printer/ | 30 KB | 10 KB |
| Printer-Keyboard | ] |
L 1 i J

Maximum Tolerable Aggregate
Interface Data Rates for
Channel 1

Figure 63.

SELECTOR CHANNEL DEVICE PRIORITY

Devices on the selector channel do not have
to ke considered for their priority in
receiving service because each device
remains connected to the channel until the
operation is completed. The devices may be

placed in appropriate locations and the
interface cable routed for the shortest
path. All devices are normally connected
to the outbound select line, but they may
be connected to the inbound line with the
same result.

SELECTOR CHANNEL DEVICE ADDRESSING

The selector channel address {eight
high-order bits of the 16-bit address) is
01 hex. Device addressing on the selector
channel may in theory be any of the 256
possible bit combinations. The addressing
is limited at two points by the integrated
disk storage devices that are also assigned
to channel 1 and addressed 9X (Hex). The
value of X ranges from 0 to 3 for the four
possible disk drives. The remaining
addresses have no special significance in
the processing unit, and may be assigned as
required by the program for the selector
channel devices.
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APPENDIX A: AUXILIARY STORAGE MAPS

This Appendix shows the allocation of
various auxiliary-storage areas for
System/360 mode operation. For information
on the usage of auxiliary storage while in
1400 emulator mode, refer to the
1401/1440/1460 Compatibility section.

Depending on the program-storage
capacity of the system, there are from
eight to sixteen 256-byte modules of
auxilijiary storage. Module 0 is used for
CPU functions (general registers, etc.)
and for storage of addresses and
information relative to the integrated I/0
attachrent features. Module 2 is used for
multiplexer-channel unit-control words.
Modules 1 and 3-7 are used for operations
involving the integrated attachment
features. HModules 8-15 are reserved for
special features. The 24K system is an
exception (Figure 65),

Because Modules 0 and 2 are sometimes
required by the operator or programmer,
they are shown in this Appendix.

The coordinate at the top of these maps
is in the form "x0" through "xF". The "x"
can range from 0-F and is the tens
position. The tens coordinate is given in
the left margin.

| IR -7 T -
| Aux | |Rel. | |
| stor| |Byte [No. of]
| Mod. |Usage |Loc. |Bytes |
S B T e
| 0 |CPU Area |00-FF| 256
1 |Punch Image |00-7F| 128
|PFR Row Image |80-FF| 128
2 |MPX UCW Area |00-FF| 256
3 |Reader Translate Table |00-FF| 256
S I 4 -
4 |Punch check, PFR Read [00-9F} 160

Reader Card Image | |
|A0O-FF| 96

—— e S s s, et ot s ettt et e st e, s, st b

|
|
|
|
I,.
|
| |
|
|
|
|
|
I
|
|

| (Part 1)
5 |Reader Card Image | |
| (Part 2) |00-1F| 32
|Console Printer | |
| Translate Table |20-5F| 64
|Reader Readout Area |60-FF| 160
6 |Punch Translate Table |00-FF| 256
7 |Printer Translate Table|O00-FF| 256
Qoo b Lo ____ S ]
Figure 64. Auxiliary-Storage Byte

Allocations for 16K Systems
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r T T T 1
|Aux | |Rel. | |
|stor| |Byte |No. of]
|Mod. | Usage |Loc. |Bytes |
——————————— e 4
| O |CPU Area |00-FF| 256 |
| 1 |Punch Image |00-7F| 128 |
| | PFR Row Image |80-FF| 128 |
| 2 |MPX UCW Area |00-FF| 256 |
| 3 |Reader Translate Table |00-FF| 256
— s S 1
| 4 |Punch Check, PFR Read |00-9F| 160 |
| | Reader Card Image [ | |
| | (Part 1) |AO-FF] 96 |
| 5 |Reader Card Image | | |
| |  (Part 2) ]00-1F| 32 |
| |Console Printer | |
| | Translate Table |120-5F| 64 |
| |Reader Readout Area |60-FF| 160 |
| 6 |Not Available |==—=- | -—- |
| 7 |Not Available |-——- | -——= |
" etet Bt
| 8 |Punch Translate Table |00-FF| 256 |
| 9 |Printer Translate Table|00-FF| 256 |
|10 |Special Features |00-FF| 256 |
111 |Special Features |00-FF| 256 |
L 1 1 j J
Figure 65. Auxiliary-Storage Byte

Allocations for 24K Systems

| 9 |Special Features
|10 |Special Features

|11  |Special Features
bl

|00-FF| 256
|00-FF| 256
|00-FF| 256
L L

71—~ T T 1
|Aux | |Rel. | |
| Stor| |Byte |No. of]
|Mod. | Usage |Loc. |Bytes |
p-=—tf-—- N o e
| 0 |CPU Area |00-FF| 256 |
| 1 |Punch Image |00-7F| 128 |
| | PFR Row Image |80-FF| 128 |
| 2 |MPX UCW Area |00-FF| 256 |
| 3 |Reader Translate Table |00-FF| 256 |
p-——1t o e O
| 4 |Punch Check, PFR Read [00-9F| 160 |
| | Reader Card Image | | |
| |  (Part 1) |AO-FF| 96 |
| 5 |Reader Card Image | | |
| | (Part 2) |00-1F| 32 |
| |Console Printer | | |
| | Translate Table |20-5F| 64 |
| |Reader Readout Area |60-FF| 160 |
| 6 |Punch Translate Table |00-FF| 256
| 7 |Printer Translate Table|00-FF| 256 |
G S, s |
| 8 |Special Features |00-FF| 256
I
|
|
4

Figure 66. Auxiliary-Storage Byte

Allocations for 32K Systems



r—=- T T 1
| Aux | |Rel. | |
| stor| |Byte |[No. of|
| Mod. |Usage |Loc. |Bytes |
et Tt ¥ + 1
| 0 |CPU Area |00-FF| 256 |
| ¥ |Punch Image |00-7F| 128 |
] |PFR Row Image |80-FF| 128 |
| 2 |MPX UCW Area |00-FF| 256 |
| 3 |Reader Translate Table |00-FF| 256 |
i T T e |
| 4 |Punch Check, PFR Read |00-9F| 160 |
| | Reader Card Image | |
| { (part 1) |AO-FF| 96 |
| 5 |Reader Card Image | | |
| | (Part 2) |00-1F| 32 |
| |Console Printer | | |
| | Translate Table |20-5F| 64 |
| |Reader Readout Area |60-FF| 160 |
| 6 |Punch Translate Table |00-FF| 256 |
| 7 |Printer Translate Table|00-FF| 256 |
I — — --4 e
| 8 |Special Features |00-FF| 256 |
| 9 |Special Features |00-FF| 256 |
|10 |Special Features |00-FF| 256 |
|11 |Special Features |00-FF| 256

e O e et 1
112 |Special Features |00-FF| 256 |
|13 |Special Features |00-FF| 256 |
|14 |Special Features |00-FF| 256 |
115 |Special Features |00-FF| 256 |
L iy ——— -4 i I 4

Figure 67.

Auxiliary-Storage Byte

Allocations for 48K Systems

Appendix A:

Auxiliary Storage Maps
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1x

2%

3x

4x

5x

6x

Tx

8x

9x

Ex

Fx

x0 x1 X2 X3 x4 x5 X6 x7 X8 x9 XA xB xC

|General Purpose
|Register O

Floating Point Register

. 1

|General Purpose
|Register 1

|General Purpose
|Register 2

Floating Point Register

2

|General Purpose
|Register 3

|General Purpose Floating Point Register
|Register 4

[

|
i
|
|

|General Purpose
|Register 5

—— e e e e

|
i

t

|Floating Point Register

}_____________ -

|General Purpose
|Register 6

|General Purpose
|Register 7

|General Purpose
|Register 8

|General Purpose
|Register 9

|General Purpose
|Register 10

|General Purpose

|General Purpose
|Register 12

|General Purpose

[

|

4

|

|

+

|
|Register 11 |
+

|

I

+

|
|Register 13 |
1

|General Purpose
|Register 14

|General Purpose
|Register 15

| S N S,

Note: Areas left blank are used for microprogram functions.

Figure 68. CPU Area, Auxiliary Storage Module 0
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[Fo—————————o oo oo D e bttt 1
Ox] UCW 0, Addrs 000 |UCW 16, Addrs 010 |
| or 080%* | |
1x| UCW 1, Addrs 001 |UCW 17, Addrs 011 |
| or 090%* ] |
2x| UCW 2, Addrs 002 |JUCW 18, Addrs 012 |
| or OAO* | |
3x] UCW 3, Addrs 003 |UCW 19, Addrs 013 |
| or 0BO* | |
pom oo oo oo 1
4x| UCW 4, Addrs 004 JUCW 20, Addrs 014 |
| or 0CO* | |
5x| UCW 5, Addrs 005 |JUCW 21, Addrs 015 |
| or 0DO* | |
6x| UCW 6, Addrs 006 |[UCW 22, Addrs 016 |
| or OEQO* | |
7x| UCW 7, Addrs 007 |UCW 23, Addrs 017 |
| or OFO0* | |
e e 1
8x| UCW 8, Addrs 008 |UCW 24, Addrs 012 |
9x| UCW 9, Addrs 009 |UCW 25, Addrs 019 |
Ax| UCW 10, Addrs 00A |UCW 26, Addrs 01A |
Bx| UCW 11, Addrs 00B |UCW 27, Addrs 01B |
T B vt 1
Cx| UCW 12, Addrs 00C |UCW 28, Addrs 01C |
Dx| UCW 13, Addrs 00D |UCW 29, Addrs 01D |
Ex| UCW 14, Addrs O00E |UCW 30, Addrs O1lE |
Fx| UCW 15, Addrs 00F |UCW 31, Addrs O01F |
M1

Example: Unit control word 27 is located
at position B8 in auxiliary-storage module
2. The unit address is 01B.

* These eight MPX UCWs may be used for
single-address subchannels or shared
subchannels. Refer to the Multiplexer
Channel Device Addressing section for
further information.

Figure 69. Multiplexer UCW Area, Auxiliary
Storage Module 2

Appendix A:

Auxiliary Storage Maps

149



APPENDIX B: CODES

The 256-position table (Figure 70, Part 2 of 2) outlined by the heavy biack lines, shows the graphic
charcters and control character representations for EBCDIC. The bit-positions and card hole pat-
terns for these and other possible EBCDIC characters are also shown.

The shaded areas (such as shown for position 1010 1111) designate recommended bit patterns to be
used for the 32 graphics of the 120 character set that are in addition to the 88 graphics shown for the

EBCD Interchange Code. (Use of a 120 character set requires the use of the Multiple Character Set
special feature.)

Block 1: Zone punches at top of table; digit punches at left

Block 2: Zone punches at bottom of table; digit punches at left

2 Block 3: Zone punches at top of table; digit punches at right

Block 4: Zone punches at bottom of table; digit punches at right

Fifteen positions in the table are exceptions to the above arrangement. These positions are indicated
by small numbers in the upper right corners of their boxes in the table. The card hole patterns for
these positions are given at the bottom of the table. Bit-position numbers, bitpatterns, and hexadec-
imal representations for these positions are found in the usual manner.

Following are some examples of the use of the EBCDIC chart:

Hole Pattern
Character Type Bit Pattern Hex Zone Punches| Digit Punches
PF Control Character 00 00 0100 04 12 —9l— 4
% Special Graphic 01101100 6C 0!-8 -4
R Upper Case 1101 1001 D9 1M-9
a Lower Case 10 00 0001 81 12 -0, 1
Control Character, 00 11 0000 30 |[12-11 -0 — 9:-— 8 — 1
function not yet :
assigned :
N,
Bit Positions
01 23 4567

Figure 70. Extended Binary Coded Decimal Interchange Code
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00 01 10 1 l Bit Positions 0,1
= 00 o1 10 1 00 ol 10 n 00 o1 10 n 00 0! 10 n ] Bit Positions 2,3
2
'\~ 2 ] 1 2 3 4 5 7 8 Q A B C D E F } First Hexadecimal Digit
0 o
. 3
28 9 9 9 9 9 9 9
Y 3 3
g X S1n 12 12 12 12 12 12 12
2 T g Zone Punches
3 T < " 1 1 n n n n 1
< s B Digit Punches
& w O 0 0 0 /
][O OO .0 O O SNCH
ooo1 | 1| 1 SOS @ J @ 1 )
o010 | 2| 2 Fs K S 2 2
ool | 3| 3 ™ L T 3 3
0100 | 4| 4 |pF Res | BYP | PN M u 4 4
o101 | 5| 5]HT NL LF RS N v 5 5
o110 6] 6| BS EOB | UC o w 6 6
ot |7y 7 |bEL It PRE EOT P X 7 7
1000 | 8| 8 Q Y 8 8
1001 | 9|81 R z 9 9
1010 | A|8-2 cc SM ¢ ! @ 8-2
1011 | B|8-3 $ 8-3
1100 | C|8-4 * % 8-4
1101 | D|8-5 ( ) _ 8-5
1110 { E {8-6 + ; > 8-6
| Fle-7 ! - 8-7
9 9 9 9 9 9 9 9
12 12 12 12 12 12 12 12 Zone Punches
n " n 1 1 1 n N
0 0 0 0 0 0 0
Card Hole Patterns
12-0-9-8-1 @ No Punches @ 12-0 @ 0-1 On some chain
@ 12-11-9-8-1 @ 12 -0 @ 11-0-9-1 configurations, the
lozenge (M) is erinted
@ 11-0-9-8-1 @ n @) o082 @ 2w for this bit pattern, but
@ 12-11-0-9-8-1 12-11-0 @ 0 this is nonstandard.
Control Character Representations Special Graphic Characters
NUL Nl SOS  Start of Significance ’ A
PF Punch Off Fs Field Separator ¢ CentSign ) - Minus Sign, Hyphen
HT  Horizontal Tob BYP  Bypass - Period, Decimal Point / Slash
LC  Lower Case LF Line Feed < Less-thon Sign + Comma
DEL  Delete EOB  End of Block { Left Parenthesis % Percent
TM  Tape Mark PRE  Prefix | Plus Sign —  Underscore
Logical OR Greater-than Sign
RES Restore ogica reater-than Sig
NL  New Line N et Ma p & Ampersand 2 Question Mark
BS  Backspace RS Reader St I Exclamation Point : Colon
IL Idle uc Upper Casep S Dollar Sign 4 Number Sign
CC Cursor Control EOT  End of Transmission o Asterisk @ Atsign
DS Digit Select Sp Space ) Right Parenthesis ! Prime, Apostrophe
H Semicolon = Equal Sign
- Logical NOT " Quotation Mark

Figure 70.

Extended Binary

Coded Decimal Interchange Code (EBCDIC), Part 2 of 2

Appendix B: Codes
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APPENDIX C: TIMINGS

SYSTENM/360 MODEL 25 INSTRUCTION TIMINGS

The instruction-time tables are provided
for instruction execution when instructions
are located in processor storage. All
times are given in microseconds.

Refer to the Legend for definitions of
symbols used in the timing charts.

Complete information for each
instruction is included in the IBM
Systen/360 Principles of Operation, Form
A22-6821.

Timing Considerations

Unless otherwise noted, the following
conditions were used in the development of
the instruction timings (both groups):

1. The time required for indexing by a
base register is included in the times
given. For those instructions that may
be double-indexed (indicated by an
asterisk), an additional 6.3
microseconds must be added to the times
given in the tables.

2. It is equally probable that:

a. Arithmetic operands will be either
positive or negative.

b. Any bit will be either 0 or 1, and
each bit location will be
independent of other bit locations.

c. Decimal data can be 0-9 for each
digit position.

d. Instructions will start on even or
0dd halfword boundaries.

3. Except for the Supervisor Call (sVC)

instruction, interruption time is not
included in these timings.

TIMING ASSUMPTIONS

Unless otherwise noted, the following
assumptions were used in the development of
the timing takles:

152 IBM System/360 Model 25

1. For Decimal Add (AP) and Decimal
Subtract (SP) instructions, the first
operand (i.e., the destination field)
is assumed to be equal to or greater
than the length of the second operand
(i.e., the source field).

2. The instruction times for the
floating-point instructions depend on
the number of hexadecimal digits that
are preshifted and postshifted, as well
as the number of times
recomplementation of the result occurs.
The times given in the tables for
floating-point instructions are a
weighted average of these variables.

LEGEND FOR INSTRUCTION TIMINGS

E Time for the subject instruction which
is executed by the Lxecute instruction.

MK Number of times the mark address is
stored in the kEdit and Mark
instruction.

N Total number of bytes in the first
operand for those instructions with a
single field length.

ND Total number of digit-select and
significant-start characters in the
edit pattern.

N1 Total number of bytes in the first
operand. )

N2 Total number of bytes in the second
operand.

N4 Total number of field-separator
characters in the edit pattern.

N5 Total number of control characters in
the edit pattern.

R Number of registers loaded or stored.

SG Number of signs in the field to be
edited.

Ul Select-out delay + device delay.

U2 Device delay for Halt I/0 instructions.



T m——mTe T e T -
{Instruction TFormathnemonic|Timing (microseconds) |
——- e B prommmmmm oo e -1
| Add | RR | AR 135.1 |
| Add* ] RX | A ju9.5 ]
|Add Decimal | ss | AP |67.5 + 10.8N |
|Add Halfword* | RX | &AH 152.2 |
| Add Logical | RR | ALR 131.5 |
———- -- e - -4
| Add Logical=* | RX | AL |45.0 |
|Add Normalized-Long | RR | ADR }]233.1 |
|Add Normalized-Long* | RX | AD 1256.5 |
|Add Normalized-Short | RR | AER 1185.4 |
|Add Normalized-Short*| RX | AE 1207.0 ]
e - $ e 1
|Add Unnormalized-Long| RR | AWR 1207.9 |
| Add Unnorm-Long#* | RX | AW |231.3 |
|Add Unnorm-Short ] RR | AUR 1158.4 |
| Add Unnorm-Short* ] RX | AU 1180.0 |
| AND | RR | NR 128.8 |
e et O ————- -
| AND* | RX | N jus.1 |
| AND | SI | NI 126.1 |
| AND | s8S | NC }]31.5 + 8.1N |
|Branch and Link | RR | BALR |32.4 if branch; 24.3 if no branch |
| Branch and Link#* | RX | BAL je1.4 |
T e 1 —— e 1
| Branch on Condition | RR | BCR }20.7 if branch; 9.9 if no branch |
|Branch on Condition* | RX | BC 127.9 if branch; 22.5 if no branch |
| Branch on Count | RR | BCTR |30.6 if branch; 27.0 if no branch |
| Branch on Count%* | RX | BCT |43.2 if branch; 35.1 if no branch
|Branch on Index High | RS | BXH |71.1 if branch; 64.8 if no branch |
T S ¥ ——— e -
|Branch on Index Low | RS | BXLE |71.1 if branch |
| or Equal | | j]6t.8 if no branch |
| Compare | RR | CR 129.7 |
| Compare#* | RX | C |45.0 |
| Compare Decimal | ss | cp |67.5 + 10.8N |
| Compare Halfword#* ] RX | CH |48.6 |
T ——— $omms fommmmm e o 1
| Compare Logical | RR | CLR |]27.9 |
| Compare Logical%* | RX | CL j43.2 |
| Compare Logical | sI | CLI |24.3 |
| Compare Logical | ss | CLC }31.5 + 8.1N |
| Compare (Long) | RR | CDR |228.6 |
———————————————————— o —
| Compare (Long)* | RX | CD |248.4 |
| Corpare (Short) |] RR | CER 1167.4 |
| Corpare (Short)* ] RX | CE 1187.2 |
| Convert to Binary#* | RX | CVB | Positive number: 837.0 + (4.5 for every bit |
| | | | present in decimal field) |
| | | | Negative number: 846.0 + (4.5 for every bit |
| | | | present in decimal field) |
|Convert to Decimal* | RX | CVD |Positive number: U48.6 + (8.1 times number of left|
| | | | zeros) + (18.0 times number of remaining bits) |
| | | |Negative number: 55.8 + (8.1 times number of left]
| | | | zeros) + (18.0 times number of remaining bits) |
bommm e fommmm oo T T T
|Divide- | RR | DR | Positive number: 702.0; negative number: 720.0 1
| Divide* | RX | D | Positive number: 716.4; negative number: 734.4
|Divide Decimal | Sss | DP 1107 + (86N2 + 116) (N1~-N2) |
|Divide {(Long) | RR | DDR |1706.4 |
|Divide (Long)* | RX | DD |1726.2 |
|Divide (Short) | RR | DER |568.1 |
|Divide (Short)=* | RX | DE 1567.9 |
b i ___ S O J
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r
| Instruction |Format|Mnemonlc|T1m1ng (microseconds)

pom oo - e R S — —- -~
|Edit | SsS | ED |39.6 + 21.6ND + 14.4NU4 + 8.1N5 + U49.5SG |
|Edit and Mark | SS | EDMK |39.1 + 21.6ND + 14.U4N4 + 8.1NS5 + 49.5SG + 10.8MK |
| Exclusive OR | RR | XR 128.8 |
- R v pommmm == e - - -1
| Exclusive OR* | RX | X |ud.1 |
|Exclusive OR | sSI | XI 127.0 |
| Exclusive OR | s8s | XcC 131.5 + 8.1N |
| Execute* | RX | EX 136.9 + E |
|Halt I/0 | SI | HIO |See I/0 Tables. |
e e -—- - e 1
|Halve (Long) | RR | HDR 197.2 |
|Halve (short) | RR | HER |170.2 |
| Insert Character#* | RX | 1IC |127.0 |
| Insert Storage Key | RR | 5 |23.4 |
| Load | RR | IR 115.3 |
————————————————————— TR I - -
| Load* | RX | L |32.4 |
| Load Address* | RX | La |26.1 |
|Load and Test | RR | LIR 123.4 |
|Load and Test (Long) | RR | LTDR |52.2 |
|Load and Test (Short)|] RR | LTER |45.9 |
T e - - -1
| Load Complement | RR | LCR |32.4 |
|Load Complement-Long | RR | LCDR |54.9 |
| Load Complement-Short| RR | LCER |[Uu48.6 |
| Load Halfword# | RX | LH |33.3 |
| Load (Long) | RR | LDR |138.7 |
G e + e — -1
| Load (Long)* |] RX | LD 159.4 |
|Load Multiple | RS | LM 120.7 + 13.5R |
| Load Negative ] RR | LNR |Positive number: 32.4; negative number: 24.3 |
| Load Negative (Long) | RR | LNDR |54.0 |
| Load Negative (Short)| RR | LNER |U46.8 |
P I ——— —m o]
| Load Positive | RR | LPR |Positive number: 24.3; negative number: 32.4 |
|Load Positive (Short)| RR | LPER |u7.7 |
| Load PSW | SI | LPSW |57.6 |
| Load (Short) | RR | LER 131.5 |
| Load (Short)#* ] RX | LE ]152.2 |
— -—- B e e 1
| Load Positive (Long) | R? | LPDR 154.0 |
| Move | sI | MVI |21.6 : |
| Move | s | MmvC 130.6 + S.u4N [
| Move Numeric | S8 | MVN |30.6 + 8.1N |
| Move with Offset | Ss | MvO 139.6 + 3.6N1 + 5.4N |
I T e e 1
| Move Zones | ss | MVZ 130.6 + 8.1N ]
|Multiply | RR | MR }178.2 + 90.0N1 {(avg) |
| Multiply* | Rx | M |192.6 + 90.0N1 (avq) |
|Multiply Decimal | ss | MP 1107 + (44N2 + 20) (N1-N2) |
| Multiply Halfword* | RX | MH 1198.0 + 90.0N1 (avg) |
———————————————————— e e e
|Multiply (Long) | RR | MDR 1301.5 + 90.0N1 (avg) 1
|Multiply {(Long)#* | RX | MD 1321.3 + 90.0N1 (avg) |
|Multiply (Short) | KRR | MER |1253.8 + 90.0N1 (avg) |
|Multiply (Short)* | RX | ME |273.6 + 90.0N1 (avg) |
oo e o - -
| OR | RR | OR |128.8 |
| OR* | RX | © juu.1 |
|OR | sI | oI 127.0 |
| OR | s8s | ocC |31.5 + 8.1N |
|Pack | SS | PACK [|33.3 + 3.6N1 + 4.05N2 |
_____________________ Y SO ——— _ ————
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| Zero and Add
L

[60.3 + 7.2N
L

r-—=—-= T T T
| Instruction | Format | Mnemonic|{Timing (microseconds)
———— ===t + - ——-- -
| Read Direct | SI | RDD 127.0
| Set Program Mask | RR | SPM |14.4
| Set Storage Key | RR | SSK |23.4
| Set System Mask | SI | SSM |25.2
——- R + — - -
|Sshift Left Double | RS | SLDA |See shift Tables.
|Shift Left Double - | RS | SIDL |See Shift Tables.
| Logical | | |
|shift Left Single ] RS | SLA | See Shift Tables.
|shift Left Single - | RS | SLL |See Sshift Tables.
| Logical | | |
|Shift Right Double | RS | SRDA |See Shift Tables.
o~ ———-t + t
|Shift Right Double - | RS | SRDL |See Shift Tables.
| Logical | | |
|Sshift Right Single | RS | SRA | See shift Tables.
|shift Right Single - | RS | SRL | See Shift Tables.
| Logical | | |
| start I/0 | SI | SIO | See I/0 Tables.
| Store* | RX | ST |31.5
——- $-—————1 i e
| Store Character* | RX | STC |27.0
| Store Halfword* | RX | STH |28.8
| Store (Long)* | RX | STD |53.1
| Store Multiple | RS | STM |18.0 + 13.5R
| Store (Short)* | RX | STE j4u.1
b= + ¥ + -
| Subtract | RR | SR |136.0
| Subtract* | RX | s |50.4
| Subtract Decimal | Ss | sP |67.5 + 10.8N
| Subtract Halfword# | RX | SH |53.1
| Suktract Logical | RR | SLR ]32.4
b -—- -t $
| Subtract Logical#* ] RX | SL |45.9
| Suktract Normalized | RR | SDR 1233.1
| (Long) | |
| Sub Norm (Long)#* | RX | sD [256.5
- |Sub Norm (Short) | RR | SER ]185. 4
| Sub Norm (Short) * | RX | SE 1207.0
t - ¥ ¥ —-
| Subtract Unnormalized| RR | SWR 1207.9
| (Long) I | I
| Sub Unnorm (Long)* | RX | SW 1231.3
| Sub Unnorm (sShort) | RR | SUR 1158.4
| Sub Unnorm (Sshort)* | RX | SU 1180.0
| Supervisor Call | RR | 8VC |54.9
b=——- ————1 ¥ + e
| Test and Set | s1 | Ts 125.2
| Test Channel | SI | TCH 110.8
| Test 1I/0 | SI | TIO | See I/0 Tables.
| Test Under Mask | SI | TM |24.3
" | Translate | Ss | TR |31.5 + 12.6N1
—— $--—--—t ¥
| Translate and Test | s8s | TRT |Condition code 0: 31.5 + 12.6N1
| | | |Condition code 1: 44.1 + 12.6(N1/2)
| ] | |Condition code 2: 54.0 + 12.6(N1-1)
| Unpack ] SS | UNPK |36.0 + 3.6N1 + 455N2
|Write Direct | SI | WRD |23.4
| ss | zAP
1 1

b e o e s e s e e v s s e i . s v o — o, ittt . o . st . e il S . s . . bt e s, i e e el e, s, s, S, e, . et skt s . s it e, . s . e, et s, s . . s
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SHIFT TABLES

- T T . T T -7 T=———"— T————— 1
|No. of | | | | | | [ | |
|Places | | | | I | |
|shifted| SRL| SLL| SRA| SLA| SRDL| SLDL| SRDA| SLDA|
T p———- e B et
{0 | 53.1] 53.1] 62.1] 63.0]| 63.0| 63.9| 77.4| 75.6]|
| 1 | 84.6| 6u4.8] 93.6| 74.7|112.5] 79.2[126.9]| 90.9|
| 2 | 76.5| 73.8| 85.5| 83.7| 92.7| 91.8|107.1]103.5]|
| 3 | 70.2] 85.5] 79.2] 95.4] 90.9]107.1{105.3|118.8]
G S t -

| 4 ] 63.0] 91.8] 72.0|101.7| 80.1[117.0] 94.5]{128.7|
| 5 | 94.5/103.5]103.5{113.4[129.6|132.3|144.0|144.0]
| 6 | 86.4{112.5| 95.4[122.4{109.8|144.9[124.2|156.6|
| 7 | 80.1j{124.2| 89.1]134.1{108.0]160.2]122.4]171.9]
e o Rrten e e e et
| 8 | 62.1] 65.7| 71.1} 75.6| 76.5| 81.0| 90.9| 92.7|
| 9 | 93.6] 77.4|102.6] 87.3|126.0| 96.3|140.4{108.0]
| 10 | 84.6] 86.4] 94.5| 96.3|106.2|108.9]120.6|120.6]
| 11 | 79.2] 98.1] 88.2|108.0|104.4]124.2]|118.8]135.9]
s S S e R S s U
| 12 | 72.0{104.4] 81.0[114.3| 93.6]134.1({108.0{145.8|
{ 13  ]103.5]116.1]112.5|126.0|143.1}149.4[157.5[161.1]
| 18 | 95.4]125.1]104.4]135.0[123.3]162.0{137.7]173.7]
| 15 | 89.1]|136.8] 98.1|146.7|121.5}177.3]135.9{189.0|
ey e Tt B e Tt
| 16 | 68.4] 75.6] 77.4| 85.5| 87.3] 95.4[101.7|107.1]
| 17 | 99.9| 87.3{108.9| 97.2|136.8{110.7|151.2|127.4|
| 18 | 91.8| 96.3]100.8]106.2{117.0[123.3|131.4]135.0}
| 19 ] 85.5]108.0] 94.5[117.9]115.2]138.6]129.6]150.3|
e - ¥ ¥ }o——mt mmmei
| 20 | 7s. 3|11u 3] 87.3|124.2]104.4{148.5{118.8]160. 2]
| 21 {109.8]126.0{118.8]135.9{153.9|163.8{168.3|175.5]
| 22 ]101.7]135.0{110.7|144.9{134.1]176.4[148.5[188.1]|
| 23 | 95.4{146.7|104.4[156.6]132.3]191.7]146.7|203.4]
e S

| 24 | 77.4] 88.2| 86.4] 98.1]100.8[112.5[115.2]{124.2]
| 25 ]108.9] 99.9]117.9{109.8|150.3|127.8]164.7|139.5]|
| 26 ]100.8]108.9[109.8|118.8[130.5{140.4|144.9]152.1]
| 27 | 94.5[120.6]103.5]130. 51128.7]155.7|143.1]167. 4]
b = — -

| 28 | 87.31126.9| 96.3]{136.8]117.9|165.6(132.3|177.3|

29  |118.8|138.6]127.8|148.5[167.4|180.9|181.8]192.6]
30 }110.7|147.6{119.7{157.5|147.6|193.5|162.0|205.2|

|
|
| 31  [104.4]159.3]113.4]169.2|145.8|208.8|160.2{220.5|
L 1 L L L L L J R s ]

(continued)
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St ¢
|No. of |
|Places |
|]shifted| SRL| SL
b——————f-———t— -
32 |
33
34
35

RSP
‘l [

|

36
37
38
39

SRA|
SRS SN SO VRNQINORS S S—

SLA|

| |
SRDL}| SLDL| SRDA| SLDA}
| 98.1]124.2]112.5|135.9]
|147.6]139.5]162.0|151.2]
[127.8|144.9(142.2[163.8]

1126.0]167.4|140.4|179.1]|
1 1 4

T T T
|115.2[177.3]129.6]|189.0|
|164.7]192.6]179.1]|204.3]
|144.9]205.2]159.3|216.9]|

|143.1]220.5[157.5]232.2|
1 1 1 ] J

40
41
42
43

1 T T T 1
|111.6]141.3[126.0|153.0|

[161.1]156.6]175.5|168.3]
1161.3(169.2]155.7]180.9]
1139.5/184.5]153.9]196. 2]

i
I

4y
45
4o

p~
Q
—_————— e e

———————— e
|
————-——4»—-—————1——~—-—-—4k-—-—-—
!
I
|

[128.7]194.4]143.1[206.1]
[178.2]209.7]192.6|221.4]
|158.4]219.6]172.8|234.0]|
1158.41237.6]171.0]249. 3|

|122.4|155.7[136.8(167. 4
1171.9]171.0{186.3|182.7|
|152.1]183.6]166.5|195. 3|
1150. 3|198 9|164.7|210.6]

RSN UGS S ——
|
1
|
1
JESNOUE S ——

|

—_————
i
I
]
]
]

1139.5(208.8|153.9(220.5]
|189.0]224.1]203.4|235.8]
|169.2]236.7{183.6|248.4|

[167.4]252.0{181.8|263.7]
4 1 iy 1 4

1] T T T 1
|135.9]172.8]150.3]184.5|
|185.4]188.1]199.8|199.8]|
|165.6]200.7]180.0]212.4]|
1163.8] 216. 0|178 21227 7]

T S

r-——'-——-l-—-———-!-""———-u———-"——‘-r——'—-—-v-————-!r-————-w-——‘———

|

|

|

|

|

!
-

t

t

|

f

|
T

|

|

]
-+

|
I
| I
L

o o e e e o i e it e e e e e e e e e i s i o e e e e e e e o i e e . e o e s e

.‘
|153 0|225 9|167 u|237 6]
[202.5]261.2]216.9]252.9]
|182.7]253.8]197.1]265.5]|

1180.91269.1]195.3]280.8]
-4 —d
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I1/0 TIMING TABLES

CHANNEL TIMINGS

Halt I/0 (Channel)

r .. T T 3
|Condition |MPX |Sel |
|Code |Chnl |Chnl |

Start I/0 (Channel) b T + + .|
|0 | Interruption pending 150.4 |29.7 |
I |in subchannel | | |
L 4 4

T T T T T -1 r T T - _--—-{
| Condition |MPX |Sel | |1 |CSW stored |51.3 ju41.4 |
Code Chnl |Chnl + U1 |+ U1

g0

10 |I/0 operation initiated |114.3]90.9 | 12 |Burst operation |Not |32.4 |

| land channel proceeding |+ U1l |+ 11 | | | terminated lappl. |+ U2 |

| |with its execution | | | [ + + + q

F——4 + + i |3 |Device not operational [82.8 |61.2 |

|11 |CSW stored; immediate |105.6|104. 4] | | |+ U1 |+ U1 |

| |operation initiated or |+ U1l |+ U1 | -4 + 4

| | Command rejected ] | | |3 |Channel not operational |30.6 (12.6 |

F + -—— R +——- t = 1 !

|2 |Channel or subchannel |50.4 |28.8 |

| | busy | | |

e R et St

|3 |Device not operational [132.3|109.8]

I | + U1 |+ U1 |

e + 1

13 |Channel or subchannel 136.0 |18.0 | I/0 INSTRUCTION TIMES FOR CONSOLE

| |not operational | | | PRINTER-KEYBOARD

| NS L L J
Start I/0 (Console Printer-Keyboard)
Timings for the Console Printer-Keyboard do
not include time required to handle data.

Test I/0 (Channel)
Condition
Code Time

r - T T 1

|Condition |MPX |Sel | 0 Read 111.6

| Code |Chnl |cChnl | 0 Write 108.0

F T + ——q 1 Read or Write 65.7

10 | Subchannel and device |68.4 |u45.9 | 2 Read or Write 38.7

| favailable |+ U1 |+ U1l |

b=t : e

11 |CsW stored device-end j64.8 |57.6 |

| | status only |+ U1 |+ U1 |

b + +-—- +— .| Test I/0 (Console Printer-Keyboard)

|1 |CSW stored, channel-end |48.6 |39.6 |

| |interruption in subchnl | | |

b—--+ — + 44— Condition

|1 |CSW stored, channel-end |70.2 |Not | Code Time

| |interruption in device |+ Ul |appl.|

o o i 0 42.3

|12 |Channel or subchannel ju3.2 |19.8 | 1 Active yes, 77.4

bus Secondar es

{————i Y i ———L 4 1 Active ng,y T4.7

13 |Device not operational |85.5 |63.0 | Secondary yes

| | |+ U1 |+ U1 | 2 No command chain 37.8

——% 4 + | 2 Command chain 45.9

|3 |Channel or subchannel |30.6 |12.6 |

| |not operational | | |

L 1 i L -J
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Halt I/0 (Console Printer-Keyboard)

Condition

Code Time

0 46.8

1 Active yes, 54.0
Secondary no

1 Active no, 58.5
Secondary yes

3 45.0

I/0 INSTRUCTION TIMES FOR INTEGRATED 1403

See channel-0 times for condition code
setting of 3. In the following list, cc =
condition code.

START I/0 (1403 Printer)

1. 1403 ready and not busy.

a. Write command (cc = 0)
162.0 + 16.2x +10.8y microseconds
x = number of bytes in data field
(= count in CCW)
y = number of blanks, provided by
1403, at the end of the record.
X + y must equal 132.

b. Carriage control (cc = 1)
120.6 microseconds

c. Diagnostic PLB read (cc = 0)
147.6 + 14.4x microseconds
X = number of bytes sent to the CPU
(maximum of 132)

d. Diagnostic print-check read
(cc = 0)
147.6 + 20.mx microseconds
X = number of bytes sent to the CPU
(maximum of 132)

e. Sense (cc = 0)
129.6 microseconds

f. No op (cc = 1)
116.1 microseconds

g. Gate load (cc = 1)
118.8 microseconds

h. Allow data check (cc = 1)
118.8 microseconds

i. Block data check (cc = 1)
118.8 microseconds

j. Load UCB and fold (cc = 1)
118.8 microseconds

k. Load UCB and no fold (cc = 1)
118.8 microseconds

2. 1403 working, waiting for device-end
(channel-end has already been
accepted) :

a. Device-end present (cc = 1)
67.5 microseconds

b. Device-end not present (cc = 1)
63.9 microseconds

3. Channel-end not yet accepted
(cc = 2): U43.2 microseconds

TEST 1I/0 (1403 Printer)

1. 1403 not busy:
a. 1403 ready (cc = 0)
51.3 microseconds
b. 1403 not ready (cc = 1)
69.3 microseconds

2. 1403 working, waiting for device-end

(cc = 1)

a. Device-end present
67.5 microseconds

b. Device-end not present
63.0 microseconds

3. Channel-end not yet accepted,
waiting for device-end (cc = 1):
72 microseconds

HALT I/0 (1403 Printer)

51.3 microseconds

I/0 INSTRUCTION TIMES FOR INTEGRATED 2540

The following times are for condition code
0. See the Channel Timings section for
other condition codes. These timings do
not include time required for the reader or
punch traps.

Start I/0 (2540 Readerx)

Read and Feed, data mode 1, active 0,
secondary 0: 3144.6 + (18.0 times number of
columns) microseconds.

Test I/0 (2540 Reader)

Active 0, Secondary 0: 51.3 microseconds.

Halt I/0 (2540 Reader)

52.2 microseconds.
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Start I/0 (2540 Punch)

Write and Feed, Stacker Select, Data Mode
1: 574.2 + (36.9 times number of columns)
microseconds.

Test I/0 (2540 Punch)

Active 0, secondary 0: 45.0 microseconds.
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Halt I/0 (2540 Punch)

44.1 microseconds.



Access Mechanism (2311) 6uU
Access Time (2311) 6u
Action of 2540 Commands

Type AA 122

Type AB 127

Type BA 125

PFR Type BA 125

Type BB 127
Address Associated With Pending

Status (2311) 94

Address Marker (2311) 71
Address Match Indicator 11
Address Stop Mode 17
Addressing

Registers 8

1403 Attachment 49

Console Printer-Keyboard 28

Disk Attachment Control 74

Integrated 2540 Attachment 114

Manual Alter/Display (PR~KB) 35
Address/Data Switches 17
Allow Data Check Command (1403) 51
Alter Local Storage 20
Alter Storage (PR-XB) 36
Alternate Coding Key (PR-KB) 28
Alter/Display

Execution 35

Functions, Mode Switch 18

Indicator 28

Key 17, 28

Manual (PR-KB) 35

PR-KB Indicator (CPU) 11
Altn (Alternate Coding Key)
ALU (See Arithmetic-Logic Unit)
Appendix A--Auxiliary Storage Maps
Appendix B--Codes 150
Appendix C--Timings 152

Check Indicator 13

Display 21
Arithmetic-Logic Unit 8
AS-Address Stop 17
Attention (PR-KB) 27
Attention Status

2311 9y

2540 128

PR-KB 31
Attn (See Attention PR-KB)
Auxiliary Storage 8

Storage Display 20

Storage Maps 146

Storage Store Operation 21

Block Data Check Command (MCS) 51
Bus—-Out Check

1403 61

2540 130

PR-KB 34, 38
Busy Status

1403 52
2311 95
2540 128
PR-KB 32

li4e

Byte-0 And Byte-l Indicators 11

Cancel Key (PR-KB) 28
Card Read Punch Timing 131
Carriage-Control Commands 50
Carriage-Stop Key 48
Chain Arrangement Considerations 49
Chaining Check (PR-KB) 34
Channel 9 54, 61
Channel
Commands (PR-XB) 29
Control Check (PR-KB) 34
Data Check (PR-KB) 34
Device Addressing 140

End Status (PR-KB) 32
Channel-End
Interface 7

Status Byte (PR-KB) 33
Timings 158
chnl Indicator,
1403 Status 53
2311 Status 95
2540 Status 128
Device-End Timing 132

Check~Control Switch 18

Check-Reset Key 15, 47

Chips Light 113

Chnl Indicator (See Indicators)

Codes 150

CPU 11

NDEX

I

Combinations Of Sense Bits (2540) 135

Command Byte (25u40) 123
Command Reject

1403 53,60
2311 96
2540 129

PR-~-KB 34, 38
Commands (1403) 49
Console Procedures 20
Console Printer-Keyboard 26
Control Address Set Key 14
Control Commands 77
Control Storage 8
Control Storage Display 20
Control Storage Load 22
1400 Emulator Mode 22
System/360 Mode 22
Channel Input Device 22
Key 15
Indicator 11

Control Unit Busy (2311) 95
Control Unit End

2311 94
2540 128
PR-KB 32

Control-Storage Store Operation 21
Count Area

RO 69

R1-Rn 71
Count (Manual Alter/Display, PR-KB)
CPU Check Indicators 13
CPU Status Indicators 11
CPU Use Meters 19

Index

35

161



CSL (See Control Storage Load)
Customer Engineering Controls (CPU)
Cyclic Check (2311) 66

Home Address 69

RO 70

R1-Rn 72

Sense 99
Cylinder Number

Home Address 68

RO 70
R1-Rn 71
Data Area
RO 70
R1-Rn 72
Data Check
1403 54, 61
2311 96
2311 in Count Field 97
2540 131

Data Cycle, File 11
Data Flow 9
Data Format (2311) 65
Data Length

RO 70

R1-Rn 71
Data Record Addressing (2311) 65
Data Records (R1l-Rn) 70
Data Registers 9
Data Storage Capacity (2311) 65
Data Transfer Rate (2540) 132
Defective Disk-Pack Surfaces 103
Device Busy (2311) 95
Device-End Status

1403 53
2311 95
2540 128
PR-KB 18

Diagnostic Control Switch 18
Diagnostic Print-Line-Buffer
Read Command 51
Diagnostic Print-Check Read Command
Diagnostic Write Command 51
Direct Control 23
Disk-Storage Operation 74
Display
ALU 21
Auxiliary Storage 20
Control Storage 2Q
CPU 11
Current PSW (PR-KB) 37
External Facilities 21
Key 15
Local Storage 20
Operations (CPU) 20
Program Storage 20
Storage (PR-KB) 36
Dualed Graphics (1403) 42

Emergency-Pull Switch 13
Enable Control Storage Store Key 15
Enable/Disable Switch (2311) 73
End Operation (Manual Alter/Display)
End-Of-Block Key (PR-KB) 28
End-Of-Cylinder Sense 97
End-Of-File (2311) 100

Punch Key 113

Punch Light 113
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17

51

36

End-0f-File Cont'd

Reader Key 114

Ready Light 114
End-Of-Forms Light u8
EOB, PR-KB (See End-of-Block Key)
Equipment Check

1403 54, 61

2311 96

2540 130

PR~KB 35, 38
Erase Command (2311) 89
Error Condition Table (2311) 107
Error Messages (2311) 107
Error Recovery Procedures (2311) 107
Error-Detection Circuitry 9
Errors (Manual Alter/Display) 37
External Facilities 9
External Interruption 23
External-Facilities Display 21

Feed And Select Stacker Commands
Type BA 124
Feed-Stop Light (2540) 113
File Data Cycle 11
File Indicator, CPU 13
File Protected 99
File Protection 100
File Scan 63
File Scan Feature 105
Flag (2311)
Home Address 68
RO 69
R1-Rn 71
Folding (1403) 43
Forms-Check Light 48
Fuse Light (2540) 112
GAP (2311) 67
Home Address 69
RO 70
R1-Rn 72
Gate Load Command (MCS) (1403) 51
Graphic Positions (1403) 40
Graphic Set Count Length (1403) 42

Halt I/0
1403 56
2311 76
2540 132

Timings 158
Home Address (2311) 68

IBM 1403 Printer 39

IBM 2025 Processing Unit 7

IBM 2311 Disk Storage Drive 63
IBM 2540 Card Read-Punch 111

IL (See Incorrect Length)
Incorrect Length (PR-KB) 33
Incorrect-Length~Record Considerations
(2540) 121

Index Marker' (2311) 67
Indicators

1403 47

CPU Status 11

Operators Control Panel 14

PR~-KB 26
Information Transfer (2311) 66
Initial Program Load 22



Initial Status Conditions (2311) 93
Initial Start (2540) 136
Input/Output
Attachments 6
Channel 6
channel Characteristics
Channel Devices 141
Instructions (2311) 75
Instruction Step Mode 17
Instruction Sets 23
Instructions Timings 153
Integrated Input/Output Characteristics 25
1403 Attachment 39
2311 Disk Attachment Control 63
2540 Attachment 11
Device Addressing 25
Interchangeable Chain Cartridge Adapter 39
Interface Control Check (PR-KB) 34
Interrupt Key 13
Interval Timer Switch 15
Interval Timer 23
Intervention Required

140

1403 53, 60

2311 96

2540 130

PR-KB 34, 26, 38

Intvtn Reqgd 26

Invalid Sequence (2311) 97
IPL (See Initial Program Load)
I/0 Instruction Times

Console Printer-Keyboard 158
Integrated 1403 Printer 159
Integrated 2540 159

I1/0 Timing Tables 158

Jam Removal (2540) 136

Key Area (RO) 70
Key Area (R1-Rn) 72

Key Length (RO) 70
Key Length (R1-Rn) 71
Keys

1403 47

2311 73

2540 112

PR~KB 28

Lamp Test Key 17
Load Key 13
Load Light 14
Load Program Storage (Diagnostic) 19
Load UCS And Fold Command (MCS) 52
Load UCS And No Fold Command (MCS) 52
Loading Printer Translator 46
Load-Unit Switches 14
Local Storage 8

Alter/Display 20
Logout (PR-KB) 37
Low Temp Indicator 13

MS Address Stop Mode 17
Manual Alter/Display (PR-KB) 35
Manual Indicator 14
Message Formats (Manual Alter/Display) 36
Meters
(See Use Meter) 19
Missing Address Marker (2311) 99

Mode Switch 17
Model~Dependent Implementation 10
Mode/Zone Indicators 11
Multiple Character Set (1403)
Multiple-Track Operations (2311)
Multiplexer Channel 141
Device Addressing 143
Device Priority 142

39, 44
100

No Record Found (2311) 98
No-Op Command

1403 51
2311 77
PR-KB 30

Nonprinting Bit Patterns 42
Normal Ending Status of 2540 Commands
Type AA 122

Type AB 123
Type BA 125
PFR Type BA 126
Type BB 127

Not Ready Key, (PR-KB) 28
Operating Mode Switch 17
Operating Procedures (2540)
Operation Commands (2311) 76
Operation Commands (2540) 120
Operator Control Panel 13
Optional Features 23, 63,
Overrun (2311) 97

Overrun (2540) 131

136

105

Parity Check (1403) 61

Parity Indicators 13

PCH Indicator, CPU 11

PCI (PR-KB) 33

Pending Status Conditions (2311) 94
PFR Features 112

PFR Operation 119

PFR Write, Feed, And Select Stacker

Commands (Type BA) 125
Power Check (CPU 11
Power Light (2540) 112

Power~Off Key 13

Power-On Key 13

Printed Format 39

Printer Keys and Indicators 47

Printing Speeds 51

Print-Check Indicator 48

Print-Ready Indicator 48

Priority Of System Operations 10

Procd (PR-KB) 26

Proceed Position 17

Process Position (Diagnostic) 18
Program Check (PR-KB) 34

Program Storage 7

Program Storage Display 20
Program-Controlled Interruption (PR-KB) 33
Program—-Controlled Operations (PR-KB) 29
Program-Storage Store Operation 21
Programming Timing Information (1403) 55

Programming Timing Considerations (254) 131
Protection Check (PR~KB) 34
Punch Command Execution 119
Punch Feed Read Feature 112
Punch Feed Read Operation 119
Punch Indicator (CPU) 11
Punch Operation 118
Index 163



Punch Run-In 118
Punch-Ready Light 113
Punch-Validity Light 113
Pushbutton Keys (CPU) 11
PWR Chk 11

RDR Indicator, CPU 11
Read And No Feed or Stacker Commands
(Type AB) 123
Read Command (PR-KB) 30
Read Commands (2311) 83
Read Count Command (2311) 83
Read Count, Key, And Data Command
(2311) 84
Read Data Command (2311) 84
Read Home Address Command (2311) 83
Read IPL Command (2311) 86
Read Key And Data Command (2311) 84
Read Record Zero Command (2311) 83
Reader Command Execution (2540) 117
Reader Indicator (CPU) 11
Reader Operation 115
Reader Run-In 115
Reader Indicator, CPU 11
Reader-Check Light 113
Reader-Punch Indicators 112
Reader-Ready Light 113
Reader-Validity Light 113
Read/Write Head Number (2311)
Home Address 69

RO 70
R1-Rn 71
Read, Feed, And Select Stacker Command

(Type AA) 121
Ready Key (PR-F13) 28
Ready Light (2311) 73
Recalibrate Command (2311) 78
Record Capacities (2311) 72
Record Identifier (2311) 70
Record Number

%%—Rn70 71
Request Key (PR-KB) 28
Resets

1403 62

2311 107

2540 136

Restart From Error Conditions (2540)
Restart Procedures
1403 59
2540 136
(PR-KB) 37
Restore Command (2311) 78
Restore Key (1403) 48

SAR Delayed Stop Mode 17
Scan And Load (Diagnostic) 19
Scan Storage (Diagnostic) 19
Scientific Instruction Set 23
Search

Home Address Equal (2311) 91

ID Equal Command 92

ID High Command 92

ID Equal Or High Command 92

Identifier Command 91

Key Command 92

Key Egqual Command 93

Key High Command 93
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136

Key Equal Or High Command 93
Key And Data Equal Commands 106
Key And Data High Commands 106
Key And Data High Or Equal
Commands 106
Seek (2311)
Check 97
Command 79
Cylinder Command 80
Head Command 80
Select Lock Indicator (2311) 73
Selected Status (2311) 99
Selector Channel 7, 144
Device Priority 145
Device Addressing 145

Sense And No-Op Commands (2540) 127
Sense Byte

1403 53

2311 82, 97

2540 129

(PR-KB) 34
Sense Command

1403 52

2311 82

(PR-KB) 30
Sense Conditions (2311) 96
Sense-Bit Combinations (2540) 135

Sequence Of Commands

Type AA 122

Type AB 123

Type BA 124

PFR Type BA 125

Type BB 127
Set File Mask Command 78
Set IC Key 15
Setup Manual Alter/Display 35
Shift Tables 156
Single Address (Diagnostic) 19
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