


































































































































































































































































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 �t�h�e�~� 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 

�T�~�i�s�b�i�t� 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--0verrun 

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 channeil-end of the second 
read command to indio.ate 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 

Decision 

e
nt 

23m, 

75 ms 

44 ms 

Read Start Card Reading 

1000 cards per minute 

Clutch Decision Point 60 ms --

18 ms ..J 35.5 ms 

Read Start 
I 

Card Reading 

Clutch 
Decision· 
Point 

.6.5 ms 
I 

Device 
End 

Figure 57. Card Read Timings (2540) 

300 cards per minute 

Clutch 
Decision 
Point 

35 ms I r-, 
Punch Start 

200ms 

151 ms 

Card Reading 

Figure 58. Card Punch Timings (2540) 

CHANNEL-END TO DEVICE-END 
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Clutch 
Access 
Time 

Clutch 
Decision 
Time 

1 14 ms 
I 

Device End 

~I 

50 ms 

Clutch 
Access Time 
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HALT I/O INSTRUCTION TO 2540 

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

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

Reader 

1. 1000 cpm 
2. 800 cpm 

300 cpm 

5 Oms 
63ms 

175ms 

DATA TRANSFER RATE 

Average data transfer time per byte is: 

Device Data Mode 1 Data Mode 

Fron: the reader: 2.0ms 1.6ms 
~ 160 

To punch: 3.4ms 4.3ms 
~ 160 
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2 

Device Condition 

Not performing 
an operation 

Results of HALT I/O 

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



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

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

The condition code 
is set to 1; 
command chaining is 
suppressed; the 
status portions of 
the CSW are set to 
all zeros; 
channel-end, for the 
operation, will not 
subsequently be 
indicated. 
Device-end, after it 
occurs, will cause an 
I/O interruption, or 
this device-end can 
be cleared by a Test 
I/O instruction. 

The condition code 
is set to o. 

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 IBM 
System/360 Principles of Operation, Form 
A22-6821. 

Note that there should never be a status 
combination 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 
tne 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/O 
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 CS'Vl. 

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 I/O 
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 a 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 I/O. 

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, or 
b. The device has gone from the not-ready 

to ready state. 

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

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

Same as 9 except that this combination 
occurs only: 
a. during initial selection, and 
b. for a command other than a Test I/O. 

11. 0000 0101 

Should not occur. 

12. 0001 0101 

Should not occur. 

13. 0000 0110 (Device-End and Unit-Check 
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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ready state before the 6-bit was 
accepted. 

This combination is given only in 
response to a Test I/O 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/O. 

15. 0000 0111 

Should not occur. 

16. 0001 0111 

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/O 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 (Channel-End and Unit-Check 
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. Anyone 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. In this case, sense bit 
3 would be on. 

This combination occurs only as a result 
of execution of a Test I/O 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. 

27. 0000 1101 (Channel-End, Device-End, 
and Unit-Exception Bits) 

This combination should not occur. 

28. 0001 1101 

Should not occur. 

29. 0000 1110 (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/O 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 BYTE 

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 

Read (reader or 
punch with PFR) 

Feed and Stacker 
Select 

Write 

Sense Bits 

Anyone or more of the 
following: 
B3 - equipment check 
B6 - unusualecommand (and 

possibly B1 -
intervention 
required). 

Possibly B1-
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 B1 -
intervention 
required). 

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. 



USE METER (2540) and punch feeds) are cleared. Operati~n of 
this meter also requires that the customer 
meter on the 2025 CPU be operating. 

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

Indications 

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. 

Reader Feed Stop Light 
Reader Check Light 
Sense Bit l·-lntervention Required (Only) 

Read Check Light 
Sense Bit 3--Equipment Check 

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

Read Check Light 
Sense Bit 3--Equipment Check 

(If stacker selection is delayed.) 

Validity Check Light 
Sense Bit 4--Data Check 

(If card is read and stacked with single 
command) 

Restart Procedures 

1. Remove cards from stacker R 1. 

2. Open hopper joggler gate and remove cards from hopper. 

3. Open covers and remove any jammed cards from read feed. Reconstruct any damaged cards. 

4. With joggler gate still open, press reader start key to clear feed. 

5. Remove cards just run out into stacker R 1, 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. 

6. Close joggler gate. 

7. Press reader start key. 

This combination of error indications accompanies a 2540 read clutch failure; there may be 
cards in stacker R 1 that have not been read. Restart the job from the last checkpoint. 

1. Remove cards from stacker R 1. 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 R 1. 

2. Open joggler gate and remove cards from hopper. 

3. With joggler gate open, press reader start key to clear read feed. 

4. 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. 

5. Close joggler gate. 

6. Press reader start key. 

1. Remove cards from stacker R 1. 

2. Follow steps 2-6 of preceding procedure, correcting any off-registration punching in first 
card run out into stacker R 1. 

1. Remove cards from stacker R 1. 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 R 1. 

2. Open joggler gate and remove cards from hopper. 

3. With joggler gate open, press reader start key to clear read feed. 

4. Remove cards from stacker R 1 and place them ahead of cards removed from hopper. Place 
this deck in hopper or ahead of cards in file feed magazine. 

5. Close joggler gate. 

6. Press reader start key. 

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

Validity Check Light 
Sense Bit 4--Data Check 

(If stacker selectionois:delayed.) 

Validity Check Light 
Punch Check Light 
Sense Bit 3--Equipment Check 
Sense Bit 4--Data Check 

(If 2540 is performing PFR read operation.) 

Punch Feed Stop Light (Only) 
Sense Bit 1--lntervention Required Only) 

(If the 2540 is not performing PFR 
operations.) 

Restart Procedures 

1. Remove cards from stacker R 1. 

2. Open joggler gate and remove cards from hopper. 

3. With joggler gate open, press start key to clear read feed. 

4. Locate and correct invalid character(s) in first card in stacker R 1. 

5. Place corrected card ahead of cards in stacker R 1. Place all cards in stacker R 1 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. 

1. Remove card from punch hopper. 

2. Press punch start key to clear punch feed. 

3. Remove last three cards from stacker P1. 

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 I/O 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. 

I n that case, restart the job from the last checkpoint. 

1. Remove cards from stacker Pl. 

2. Remove cards from hopper. 

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 

Punch Feed Stop (Only) 
Sense Bit l--Intervention Required (Only) 

(If 2540 is performing PFR operation.) 

Punch Check Light 
Sense Bit 3--Equipment Check 

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

Punch Check Light 
Sense Bit 3--Equipment Check 

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

Punch Check Light 
Sense Bit 3--Equipment Check 

(If 2540 is performing PFR operation.) 

Restart Procedures 

1. Remove cards from stacker Pl. 

2. Remove cards from hopper. 

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

4. Any card removed or run out from between punch station and punch check brushes should 
be reconstructed, because it has been punched but not punch checked. 

5. Place reconstructed cards and cards run out into stacker Pl in proper sequence ahead of cards 
removed from hopper, and place this deck in hopper. 

6. Press punch start key. 

7. Reconstruct internal data in the system as necessary to restart at the Start I/O instruction 
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 provided for . .In that 

case, restart the job from the last checkpoint. 

1. Remove cards from hopper. 

2. Press punch start key to clear punch feed. 

3. Remove last four cards from stacker Pl. The last two cards are blank; the first two should 
be discarded. 

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

5. Reconstruct internal data in the system as necessary to restart at the Start I/O instruction 
that caused the first card removed from stacker Pl 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. 

1. Examine and correct, if necessary, error card, which is last card in stacker Pl. (2540 auto­
matically routes error cards to stacker Pl.) 

2. Place this card in appropriate stacker. 

3. Press punch start key. 

4. The 2540 will force the card following the error card into stacker P1, also. Place this card 
in the appropriate stacker. 
Note: Because the error card and the card following it are both directed to stacker Pl, the 

program can correct a non-PF R 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. 

1. Remove cards from punch hopper. 

2. Press punch start key to clear feed. 

3. Remove last four cards from stacker Pl. The last two cards are correct; pre-punching in 
the first two must be reconstructed. 

4. Place the two reconstructed cards, the two correct cards, and the cards removed from the 
hopper, in that sequence, in the hopper. 

5. Reconstruct internal data in the system as necessary to restart at the Start I/O instruction 
that caused the first reconstructed card to be read at the PFR station. 
Note: I n some programs, reconstruction of internal data may not be provided for. 

I n 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/O 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 Operation, 
Form A22-6821. For details on the channel 
standard interface, refer to IEM 
System/360, I/O Interface-Channel to 
Control Unit-OEMI, 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). Any 
I/O device that does not exceed the 
selector channel data rate can overlap with 
all integrated I/O devices except 2311 
files. 

STANDARD I/O INTERFACE 

The standard System/360 I/O channel 
interface is used to connect the CPU 
channel to any similarly equipped I/O 
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/O 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 I/O 
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/O 
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 (Channell) 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 

1111 1111 
to 
FF 

to 
255 

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

INPUT/OUTPUT DEVICES FOR CHANNEL 

The following devices are available for 
attachment to the System/360 Model 25. See 
IBM System/360 Model 25, Configurator, 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. 

• Card Readers, Card Punches, Printers, and 
Control Units 

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

• *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 Nl 
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 

• communication Terminals and Control Units 
1030 Data Collection System 
1050 Data 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 Audio Response Unit Model 3 
7772 Audio Response Unit 

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

MULTIPLEXER CHANNEL 

The multiplexer channel of the Model 25 is 
composed of 32 subchannels, each of which 
is capable of controlling one IIO 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 DCW carries a 
running record of the operation for the I/O 
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-O 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 

I/O Channel Characteristics 141 



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 roultiplexer 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/O 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 
chara cters . 

r-----------------------T--------T--------, 
I IWithout I With I 
IDegree of Overlap I Data I Data I 
I I Chaining I Chaining I 
~-----------------------+--------+--------~ 
INo Overlap with I I I 
I integrated attachments I 27 KB I 13 KB I 
~-----------------------+--------+--------~ 
I Overlap with integrated I I I 
I Reader/Punch/Printer/ I 11 KB I 5.5 KB I 
I Printer-Keyboard I I I 
~-----------------------+--------+--------~ 
10verlap with integrated I I I 
IDisk-File only I 9.5 KB I 4.2 KB I 
~-----------------------+--------+--------~ 
10verlap with integrated I I I 
I Reader/Punch/Printer/ I I I 
I Printer-Keyboard/ I 4.5 KB I 2.2 KB I 
I Disk-File I I I L _______________________ ~ ________ ~ ________ J 

Figure 6G. 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 high~st 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/O 
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 
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Figure 61. Priority Servicing, Normal Sequence 
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Figure 62. Priority Servicing, Selected Sequence 

example of this group is the 2540 
Reader-Punch operating through the 2821 
Control Unit. Refer to the SRL 
publication for the particular I/O 
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. In 
cases where 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 

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 a-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----------------, 
I Subchannel I Device Address I 
I (UCW) I Binary I Hex I 
~------------+----------+-----~ 
I a 10000 0000100 I 
I to I to I to I 
I 31 I 0001 11111 lF I 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 a-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. 

r-----------------------------------------, 
I Individual Shared I 
I C.U. Address C.U. Address I 
IUCW Binary Hex Binary Hex I 
~-----------------------------------------~ 
I 0 0000 0000 00 1000 XXXX 8X I 
I 1 0000 0001 01 1001 XXXX 9X I 
I 2 0000 0010 02 1010 XXXX AX I 
I 3 0000 0011 03 1011 XXXX BX I 
I 4 0000 0100 04 1100 XXXX CX I 
I 5 0000 0101 05 1101 XXXX DX I 
I 6 0000 0110 06 1110 XXXX EX I 
I 7 0000 0111 07 1111 XXXX FX I 
I t----J------------t t I 
I Share Bit--- t----J-------t I I 
IUCW Address Bits--- I I 
IDevice Address-----------------J I L _________________________________________ 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 1/0 devices assigned to channel 
o 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. Any 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-l could not be used for the 
channel because the 2540 is selected first. 
The integrated 1/0 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 uews 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 maximum 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 1/0 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. 



r-----------------------T--------T--------, 
I IWithout I with I 
IDegree of Overlap I Data I Data I 
I I Chaining I Chaining I 
~-----------------------+--------+--------~ 
INo overlap with I I I 
I integrated attachments I 30 KB I 22 KB I 
~-----------------------+--------+--------~ 
10verlap with integrated I I I 
I Reader/Punch/Printer/ I 30 KB I 10 KB I 
I Printer-Keyboard I I I L _______________________ L ________ L ________ J 

Figure 63. Maximum Tolerable Aggregate 
Interface Data Rates for 
Channel 1 

SELECTOR CHANNEL DEVICE PRIORITY 

Devices on the selector channel do not have 
to be 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 channell 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 
Systeml360 mode operation. For information 
on the usage of auxiliary storage while in 
1400 emulator mode, refer to the 
1401/1440/1460 Cowpatibility section. 

Depending on the program-storage 
capacity of the system, there are from 
eight to sixteen 256-byte modules of 
auxiliary storage. Module 0 is used for 
CPU funclCions (general registers, etc.) 
and for storage of addresses and 
information relative to the integrated I/O 
attachment 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. Modules 8-15 are reserved for 
special features. The 24K system is an 
exception (Figure 65). 

Because ~odules 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 "xO" through "xF". The "x" 
can range from O-F and is the tens 
position. The tens coordinate is given in 
the left margin. 

r----T-----------------------T-----T------, 
I Aux I I ReI. I I 
IStorl IByte INo. ofl 
IMod.IUsage ILoc. IBytes I 
~----+-----------------------+-----+------~ 
I 0 ICPU Area 100-FFI 256 I 
I 1 IPunch Image 100-7FI 128 I 
I I PFR Row Image 180-FF I 128 I 
I 2 IMPX UCW Area 100-FFI 256 I 
I 3 I Reader Tra.nslate Table I OO-FF I 256 I 
~----+-----------------------+-----+------~ 
I 4 IPunch Check, PFR Read 100-9FI 160 I 
I I Reader Ca rd Image I I I 
I I (Part 1) IAO-FFI 96 I 
I 5 IReader Card Image I I I 
I I ( Part. 2) I 00 -IF I 32 I 
I lConsole Printer I I I 
I I Translate Table 120- 5F I 64 I 
I IReader Readout Area IGO-FFI 160 I 
I 6 IPunch Translate Table 100-FFI 256 I 
I 7 IPrinter Translate TableIOO-FFI 256 I l ____ ~ _______________________ ~ _____ ~ ______ J 

Figure 64. Auxiliary-Storage Byte 
Allocations for 16K Systems 
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r----T----------------~------T-----T------, 

I Aux I I ReI. I I 
I Stor I IByte INo. ofl 
IMod·IUsage ILoc. IBytes I 
~----+-----------------------+-----+------~ 
I 0 ICPU Area 100-FFI 256 I 
I 1 Ipunch Image 100-7FI 128 I 
I IPFR Row Image 180-FFI 128 I 
I 2 IMPX UCW Area 100-FFI 256 I 
I 3 IReader Translate Table 100-FFI 256 I 
~----+-----------------------+-----+------~ 
I 4 IPunch Check, PFR Read 100-9FI 160 I 
I I Reader Card Image I I I 
I I (Part 1) IAO-FFI 96 I 
I 5 IReader Card Image I I I 
I I (Part 2) I 00-lF I 32 I 
I I Console Printer I I I 
I I Translate Table 120-5FI 64 I 
I IReader Readout Area 160-FFI 160 I 
I 6 INot Available 1-----1 I 
I 7 INot Available 1-----1 I 
~----+-----------------------+-----+------~ 
I 8 Ipunch Translate Table 100-FFI 256 I 
I 9 IPrinter Translate TableIOO-FFI 256 I 
110 ISpecial Features 100-FFI 256 I 
111 ISpecial Features IOO-FFI 256 I l ____ ~ _______________________ ~ _____ ~ ______ J 

Figure 65. Auxiliary-Storage Byte 
Allocations for 24K Systems 

r----T-----------------------T-----T------, 
I Aux I I ReI. I I 
IStorl IByte INo. ofl 
IMod.IUsage ILoc. IBytes I 
~----+-----------------------+-----+------~ 
I 0 ICPU Area 100-FFI 256 I 
I 1 Ipunch Image IOO-7FI 128 I 
I I?FR Row Image 180-FFI 128 I 
I 2 IMPX UCW Area IOO-FFI 256 I 
I 3 IReader Translate Table 100-FFI 256 I 
~----+-----------------------+-----+------~ 
I 4 Ipunch Check, PFR Read IOO-9FI 160 I 
I I Reader Card Image I I I 
I I (Part 1) IAO-FFI 96 I 
I 5 IReader Card Image I I I 
I I (Part 2) I 00-lF I 32 I 
I IConsole Printer I I I 
I I Translate Table 120-5Fl 64 I 
! IReader Readout Area 160-FFI 160 I 
I 6 Ipunch Translate Table 100-FFI 256 I 
I 7 IPrinter Translate TableIOO-FFI 256 I 
t----+-----------------------+-----+------~ 
I 8 ISpecial Features 100-FFI 256 I 
I 9 ISpecial Features 100-FFI 256 I 
110 ISpecial Features 100-FFI 256 I 
111 ISpecial Features 100-FFI 256 I l ____ L _______________________ ~ _____ ~ ______ J 

Figure 66. Auxiliary-Storage Byte 
Allocations for 32K Systems 



r----T-----------------------T-----T------, 
I Aux I I ReI. I I 
Istorl IByte INo. ofl 
I Mod. IUsage ILoc. IBytes I 
~----+-----------------------+-----+------~ 
I 0 ICPU Area 100-FFI 256 I 
I 1 IPunch Image 100-7FI 128 I 
I IPFR Row Image 180-FFI 128 I 
I 2 IMPX UCW Area 100-FFI 256 I 
I 3 IReader Translate Table 100-FFI 256 I 
~----+-----------------------+-----+------~ 
I 4 IPunch Check, PFR Read 100-9FI 160 I 
I I Reader Card Image I I I 
I I (Part 1) IAO-FF\ 96 \ 
\ 5 IReader Card Image \ I I 
I I (Part 2) I 00-lF I 32 I 
I IConsole Printer I I I 
I I Translate Table 120-5FI 64 I 
I IReader Readout Area 160-FFI 160 I 
I 6 IPunch Translate Table 100-FFI 256 I 
I 7 IPrinter Translate TableIOO-FFI 256 I 
~----+-----------------------+-----+------~ 
I 8 ISpecial Features 100-FFI 256 I 
I 9 ISpecial Features 100-FFI 256 I 
110 ISpecial Features 100-FFI 256 I 
111 ISpecial Features 100-FFI 256 I 
~----+-----------------------+-----+------~ 
112 ISpecial Features 100-FFI 256 I 
113 ISpecial Features 100-FFI 256 I 
114 ISpecial Features 100-FFI 256 I 
115 ISpecial Features 100-FFI 256 I L ____ ~ _______________________ ~ _____ ~ ______ J 

Figure 67. Auxiliary-Storage Byte 
Allocations for 48K Systems 

Appendix A: Auxiliary Storage Maps 147 



xO xl x2 x3 x4 x5 x6 x7 x8 x9 xA xB xC xD xE xF 
r-------------------T-------------------T---------------------------------------, 

Ox I General Purpose I I Floating Point Register 0 I 
I Register 0 I I I 
r-------------------+-------------------+---------------------------------------~ 

lx \General Purpose I I I 
I Register 1 I I I 
r-------------------+-------------------+---------------------------------------~ 

2x I General Purpose I I Floating Point Register 2 I 
I Register 2 I I I 
t-------------------+-------------------+---------------------------------------~ 

3x I General Purpose I I I 
I Register 3 I I I 
t-------------------+-------------------+---------------------------------------~ 

4x I General Purpose I I Floating Point Register 4 I 
I Register 4 I I I 
t-------------------+-------------------+---------------------------------------~ 

5x I General Purpose I I I 
I Register 5 I I I 
t-------------------+-------------------+---------------------------------------~ 

6x IGeneral Purpose I IFloating Point Register 6 I 
I Register 6 I I I 
r-------------------+-------------------+---------------------------------------~ 

7x I General Purpose I I I 
,Register 7, I , 
t-------------------+-------------------+---------------------------------------~ 

8x IGeneral Purpose I I I 
I Register 8 I I I 
t-------------------+-------------------+---------------------------------------~ 

9x IGeneral Purpose I I I 
I Register 9 I I I 
r-------------------+-------------------+---------------------------------------~ 

Ax 'General Purpose I' I 
I Register 10 I I I 
t-------------------+-------------------+---------------------------------------~ 

Bx 'General Purpose 'I I 
I Register 11 I I I 
t-------------------+-------------------+---------------------------------------~ 

Cx I General Purr:ose 'I I 
,Register 12 I I I 
r-------------------+-------------------+---------------------------------------~ 

Dx I General Purpose I I I 
I Register 13 I I I 
r-------------------+-------------------+---------------------------------------~ 

Ex 'General Purpose I I I 
I Register 14 I I I 
r-------------------+-------------------+---------------------------------------~ 

Fx IGeneral Purpose I I I 
I Register 15 I I I l ___________________ ~ ___________________ L _______________________________________ J 

Note: Areas left blank are used for microprogram functions. 

Figure 68. CPU Area, Auxiliary Storage Module 0 

148 IBM Systeml360 Model 25 



xO x2 x4 x6 x8 xA xe xE 
r--------------------T------------------, 

Oxl uew 0, Addrs 000 luew 16, Addrs 010 I 
I or 080* I I 

lxl uew 1, Addrs 001 luew 17, Addrs 011 I 
I or 090* I I 

2xl uew 2, Addrs 002 luew 18, Addrs 012 I 
I or OAO* I I 

3xl uew 3, Addrs 003 luew 19, Addrs 013 I 
I or OBO* I I 
~--------------------+------------------~ 

4xl uew 4, Addrs 004 luew 20, Addrs 014 I 
I or oeo* I I 

5xl uew 5, Addrs 005 luew 21, Addrs 015 I 
I or ODO* I I 

6xl uew 6, Addrs 006 luew 22, Addrs 016 I 
I or OEO* I I 

7xl uew 7, Addrs 007 luew 23, Addrs 017 I 
I or OFO* I I 
~--------------------+------------------~ 

8xl uew 8, Addrs 008 luew 24, Addrs Ole I 
9xl uew 9, Addrs 009 Iuew 25, Addrs 019 I 
Axl uew 10, Addrs OOA luew 26, Addrs 01A I 
Exl uew 11, Addrs OOB luew 27, Addrs 01B I 

t--------------------+------------------~ 
exl uew 12, Addrs ooe luew 28, Addrs Ole I 
Dxl ue~ 13, Addrs 000 lue~ 29, Addrs 010 I 
Exl uew 14, Addrs OOE luew 30, Addrs OlE I 
Fxl uew 15, Addrs OOF luew 31, Addrs 01F I L ____________________ ~ __________________ J 

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

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

Figure 69. Multiplexer uew Area, Auxiliary 
Storage Module 2 
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APPENDIX B: CODES 

The 256-position table (Figure 70, Part 2 of 2) outlined by the heavy black 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 

1 
3 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 
4 

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: 

Character Type 

PF Control Character 

% Special Graphic 

R Upper Case 

a Lower Case 

Control Character, 

function not yet 

assigned 

Bit Pattern 

00 00 0100 

01101100 

11 01 1001 

10000001 

00 11 0000 

~ 
Bit Positions 
01 234567 

Hex 

04 

6C 

09 

81 

30 

Hole Pattern 

Zone Punchesj Digit Punches 

12-9 1-4 

0 1 - 8 - 4 

11! - 9 

12- 0 1- 1 
12 - 11 - 0 - 9:- 8 - 1 

1 
I 

I 
I 

Figure 70. Extended Binary Coded Decimal Interchange Code (EBCDIC), Part 1 of 2 
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r------------r----------... ----------I~---_:_:_----___, } Bit Positions 0,1 

°m 
i5 

-c' 0 

I Bit Positions 2,3 

l-=-=---+---=--1-----l-----+----l---+--~--+--~-___j--___j--___j--+--t_-__t--__11 First Hexadecimal Digi t 

'I"I 
E 
.~ .. ; 
1 a :r: 

~ ] 
ill 

0000 

0001 50S 

0010 FS 

0011 TM 

0100 RES BYP PN 

OlOl NL LF RS 

OliO BS EOB UC 

0111 IL PRE EaT 

1000 

1001 

10lO CC SM 

1011 

1100 

1101 

1110 

II1I 

Card Hole Patterns 

eD 12-0-9-8-1 CD No Punches 

CD 12-11-9-8-1 0 12 

CD 11-0-9-8-1 CD II 

CD 12-11-0-9-8-1 CD 12-11-0 

Control Character Representations 

NUL Null SOS Stort of Significance 
PF Punch Off FS Fie I d Separa tor 
HT Horizontal Tob BYP Bypass 
LC Lower Case LF Line t=eed 
DEL Delete EOB End of Block 
TM Tope Mork PRE Prefix 
RES Restore SM Set Mode 
NL New Line PN Punch On 
8S Backspace RS Reader Stop 
I L Idle UC Upper Case 
CC Cursor Control EaT End of Transmission 
OS Digit Select SP Space 

% 

> 

0 12-0 

@ 11-0 

® 0-8-2 

® 
Special Graphic Characters 

Cent Sign 
Period,. Decimal Point 

< Less-than Sign 
( Le ft Paren thes i s 

Plus Sign 
I Logical OR 
& Ampersand 

Exclamation Point 
Dollar Sign 
Asterisk 
Right Parenthesis 
Semicolon 

--, Logical NOT 

M 

N 

0 

Q 

® 0-1 

® 11-0-9-1 

® 12-11 

Minus Sign, Hyphen 

I Slosh 
Comma 

% Percent 
Underscore 

> Greater-than Sign 
Question Mark 

Colon 

(a 
Number Sign 
At Sign 
Prime, Apostrophe 
Equal Sign 
Quotation Mork 

U 

v 

w 

x 

Y 

z 

8-2 

8-3 

8-4 

8-5 

8-6 

8-7 

® On some chain 
configurations, the 

lozenge (tI) is printed 
for this bit pottern, but 

this is nonstandard. 

Figure 70. Extended Binary Coded Decimal Interchange Code (EBCDIC), Part 2 of 2 
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APPENDIX C: TIMINGS 

SYSTEM/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 
System/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), ~l 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 
odd 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 tables: 
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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 
t:'le 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 Execute instruction. 

MK Number of times the mark address is 
stored in the Edit 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. 

Nl Total number of by;tes 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/O instructions. 



r---------------------T------T--------T-------------------------------------------------, 
I Instruction IFormatlMnemoniclTiming (microseconds) I 
~---------------------+------+--------+-------------------------------------------------~ 
IAdd I RR I AR 135.1 1 
I Add* 1 RX 1 A 149.5 I 
IAdd Decimal 1 SS 1 AP 167.5 + 10.8N 1 
IAdd Halfword* 1 RX I AH 152.2 1 
IAdd Logical 1 RR 1 ALR 131.5 I 
~---------------------+------+--------+-------------------------------------------------~ 
IAdd Logical* 1 RX 1 AL 14 5.0 1 
IAdd Normalized-Long 1 RR t ADR 1233.1 1 
IAdd Normalized-Long* 1 RX 1 AD 1256.5 1 
IAdd Normalized-Short I RR 1 AER 1185.4 1 
IAdd Normalized-Short*1 RX 1 AE 1207.0 1 
~---------------------+------+--------+-------------------------------------------------~ 
IAdd Unnormalized-Longl RR I AWR 1207.9 I 
IAdd Unnorm-Long* I RX I AW 1231.3 I 
IAdd Unnorm-Short 1 RR I AUR 1158.4 1 
IAdd Unnorm-Short* I RX 1 AU 1180.0 1 
1 AND 1 RR 1 NR 128.8 I 
~---------------------+------+--------+-------------------------------------------------~ 
1 AND* I RX I N I 44 • 1 1 
lAND I SI I NI 126.1 1 
lAND 1 SS 1 NC 131.5 + 8.1N I 
IBranch and Link 1 RR 1 BALR 132.4 if branch; 24.3 if no branch 1 
IBranch and Link* 1 RX 1 BAL 141.4 I 
~---------------------+------+--------+-------------------------------------------------~ 
IBranch on Condition I RR 1 BCR 120.7 if branch; 9.9 if no branch I 
IBranch on Condition* 1 RX 1 BC 127.9 if branch; 22.5 if no branch I 
IBranch on Count 1 RR 1 BCTR 130.6 if branch; 27.0 if no branch I 
1 Branch on Count* 1 RX 1 BCT 143.2 if branch; 35.1 if no branch I 
IBranch on Index High I RS 1 BXH 171.1 if branch; 64.8 if no branch 1 
~---------------------+------+--------+-------------------------------------------------~ 
IBranch on Index Low 1 RS I BXLE 171.1 if branch 1 
1 or Equal I 1 164.8 if no branch I 
I Compare 1 RR 1 CR 1 29. 7 1 
ICompare* 1 RX I C 145 .0 I 
I Compare Decimal 1 SS I CP 167.5 + lO.8N I 
ICompare Halfword* 1 RX 1 CH 148.6 I 
~---------------------+------+--------+-------------------------------------------------~ 
ICowpare Logical 1 RR I CLR 127.9 1 
ICompare Logical* I RX 1 CL 143.2 1 
ICompare Logical 1 SI 1 CLI 124.3 1 
ICompare Logical 1 SS 1 CLC 131.5 + 8.1N 1 
ICowpare (Long) 1 RR I CDR 1228.6 1 
~---------------------+------+--------+-------------------------------------------------~ 
ICompare (Long)* 1 RX I CD \248.4 1 
ICorr-pare (Short) 1 RR \ CER \167.4 1 
I Compare (Short)* \ RX 1 CE 1187.2 1 
IConvert to Binary* 1 RX 1 CVB IPositive number: 837.0 + (4.5 for every bit 1 
I 1 I I present in decimal field) 1 
I 1 1 INegative number: 846.0 + (4.5 for every bit 1 
1 1 I 1 present in decimal field) 1 
IConvert to Decimal* 1 RX 1 CVD IPositive number: 48.6 + (8.1 times number of leftl 
1 1 I 1 zeros) + (18.0 times number of remaining bits) 1 
1 1 1 INegative number: 55.8 + (8.1 times number of leftl 
1 I 1 I zeros) + (18.0 times number of remaining bits) 1 
~---------------------+------+--------+-------------------------------------------------~ 
tDivide 1 RR 1 DR IPositive number: 702.0; negative number: 720.0 I 
1 Divide* I RX 1 D IPositive number: 716.4; negative number: 734.4 1 
IDivide Decimal I SS \ DP \107 + (86N2 + 116) (Nl-N2) I 
IDivide (Long) 1 RR I DDR 11706.4 1 
IDivide (Long>* I RX 1 DD 11726.2 1 
IDivide (Short) 1 RR 1 DER 1568.1 1 
IDivide (Short)* I RX 1 DE 1567.9 1 l _____________________ ~ ______ ~ ________ ~ _________________________________________________ J 
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r---------------------T------T--------T-------------------------------------------------, 
1 Instruction IFormatlMnemoniclTiming (microseconds) I 
t---------------------+------+--------+-------------------------------------------------~ 
I Edit I ss I ED 139.6 + 21.6ND + 14.4N4 + 8.1N5 + 49.5SG 1 
IEdit and Mark 1 SS 1 EDMK 139.1 + 21.6ND + 14.4N4 + 8.1N5 + 49.5SG + 10.8MK I 
IExclusive OR I RR I XR 128.8 I 
t---------------------+------+--------+-------------------------------------------------~ 
IExclusive OR* I RX I X 144.1 I 
IExclusive OR I SI 1 XI 127.0 1 
I Exclusive OR I SS I XC I 31.5 + 8.1N I 
I Execute* I RX I EX 136.9 + E I 
I Halt 1/0 I SI I HIO I See I/O 'rabIes. I 
t---------------------+------+--------+-------------------------------------------------~ 
IHalve (Long) I RR I HDR 197 .2 I 
IHalve (Short) I RR 1 HER 170 • 2 I 
I Insert Character* I RX I IC 127.0 I 
I Insert Storage Key I RR I I3K 123.4 I 
I Load I RR I LR 115.3 I 
t---------------------+------+--------+-------------------------------------------------~ 
I Load* 1 RX I L 132.4 I 
I Load Address* I RX I LA 126.1 1 
ILoad and Test 1 RR I LTR 123.4 I 
ILoad and Test (Lo~g) I RR 1 LTDR 152.2 I 
ILoad and Test (Short) I RR I LTER 145.9 I 
t---------------------+------+--------+-------------------------------------------------~ 
1 Load Complement I RR 1 LCR 13 2.4 I 
ILoad Complement-Long I RR I LCDR 154 .9 I 
1 Load Complement-Short I RR 1 LCER 148.6 I 
ILoad Halfword* 1 RX I LH 133.3 I 
ILoad (Long) I RR I LDR 138.7 I 
t---------------------+------+--------+-------------------------------------------------~ 
I Load (Long) * I RX I LD 159.4 1 
1 Load Multiple 1 RS 1 LM 120.7 + 13.5R I 
I Load Negative I RR I LNR IPositive numb(~r: 32.4; negative numbt=r: 24.3 I 
ILoad Negative (Long) I RR I LNDR 154 .0 I 
I Load Negative (Short) I RR I LNER 146.8 I 
t---------------------+------+--------+-------------------------------------------------~ 
ILoad Positive I RR I LPR IPositive number: 24.3; negative number: 32.4 I 
ILoad Positive (Short) I RR I LPER 147.7 I 
ILoad PSW 1 SI I LPSW 157 • 6 I 
ILoad (Short) I RR I LER 131.5 I 
I Load (Short) * I RX I LE 15 2. 2 1 
t---------------------+------+--------+-------------------------------------------------~ 
I Load Positive (Long) 1 RR 1 LPDR 154.0 I 
I Move I SI 1 MVI 121.6 I 
I Move I 88 I MVC 130.6 + 5.4N I 
1f'.10ve NUmeric I 88 I IvlVN 130.6 + 8.1N I 
IMove with Offset I S8 1 MVO 139.6 + 3.6Nl + 5.4N 1 
t---------------------+------+--------+-------------------------------------------------~ 
IMove Zones I 88 I MVZ 130.6 + 8.1N I 
I Multiply I RR I tviR 1178.2 + 90. ONl (avg) I 
1 Multiply* I RX I f-j 1192.6 + 90.0Nl (avg) I 
1 Multiply Decimal I SS I MP 1107 + (44N2 + 20) (Nl-N2) I 
IMultiply Halfword* 1 RX l!'IlH 1198.0 + 90.0Nl (avg) 1 
t---------------------+------+--------+------------------~------------------------------~ 
I Multiply (Long) I RR I t1DR 1301.5 + 90.0rn (avq) I 
IMultiply (Long)* I RX I MD 1321.3 + 90.0Nl (avg) I 
IMultiply (Short) I RR I MER 1253.8 + 90.0Nl (avg) I 
IMultiply (Short)* I RX I ME 1273.6 + 90.0Nl (avg) I 
t---------------------+------+--------+-------------------------------------------------4 
lOR I RR I OR 128.8 I 
I OR * I RX I 0 I 44 • 1 1 
lOR I SI I OI 127 • 0 I 
lOR I SS I OC I 31.5 + 8. iN I 
I Pack I SS I PACK 133.3 + 3.6Nl + 4.05N2 I L _____________________ ~ ______ ~ ________ ~ _________________________________________________ J 
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r---------------------T------T--------T-------------------------------------------------, 
I Instruction IFormatlMnemonictTiming (microseconds) 1 
~---------------------+------+--------+-------------------------------------------------~ 
IRead Direct 1 SI I RDD 127.0 1 
ISet Program Mask I RR 1 SPM 114.4 I 
lSet storage Key 1 RR 1 SSK 123.4 I 
ISet System Mask 1 SI 1 SSM 125.2 1 
~---------------------+------+--------+-------------------------------------------------~ 
IShift Left Double 1 RS I SLDA ISee Shift Tables. 1 
I Shift Left Double - 1 RS 1 SLDL ISee Shift Tables. I 
1 Logical 1 1 1 1 
IShift Left Single 1 RS 1 SLA ISee Shift Tables. 1 
IShift Left Single - 1 RS 1 SLL ISee Shift Tables. 1 
1 Logical 1 1 I 1 
1 Shift Right Double 1 RS 1 SRDA ISee Shift Tables. 1 
~---------------------+------+--------+-------------------------------------------------~ 
IShift Right Double - 1 RS 1 SRDL ISee Shift Tables. I 
I Logical 1 1 1 1 
IShift Right Single 1 RS 1 SRA ISee Shift Tables. 1 
IShift Right Single - 1 RS 1 SRL ISee Shift Tables. 1 
1 Logical 1 1 1 1 
IStart I/O 1 SI 1 SIO ISee I/O Tables. 1 
1 Store* 1 RX 1 ST 131.5 1 
~---------------------+------+--------+-------------------------------------------------~ 
IStore Character* 1 RX 1 STC 127.0 1 
IStore Halfword* 1 RX 1 STH 128.8 1 
IStore (Long)* 1 RX I STD 153.1 1 
I Store Multiple I RS I STM 118.0 + 13.5R 1 
IStore (Short)* I RX I STE 144.1 1 
~---------------------+------+--------+-------------------------------------------------~ 
I Subtract I RR I SR 136.0 1 
ISubtract* 1 RX 1 S 150.4 I 
1 Subtract Decimal I SS I SP 167.5 + 10.8N I 
ISubtract Halfword* I RX 1 SH 153.1 1 
ISubtract Logical 1 RR I SLR 132.4 1 
~---------------------+------+--------+-------------------------------------------------~ 
ISubtract Logical* 1 RX 1 SL 145.9 1 
ISubtract Normalized I RR 1 SDR 1233.1 I 
I ( Long) I I 1 I 
ISub Norm (Long)* 1 RX 1 SD 1256.5 1 
(Sub Norm (Short) 1 RR 1 SER 1185.4 1 
Isub Norm (Short)* 1 RX 1 SE 1207.0 I 
~---------------------+------+--------+-------------------------------------------------~ 
ISubtract Unnormalizedl RR I SWR 1207.9 1 
1 ( Long) I 1 I 1 
ISub Unnorm (Long)* I RX 1 SW 1231.3 1 
ISub Unnorm (Short) 1 RR 1 SUR 1158.4 1 
ISub Unnorm (Short)* 1 RX I su 1180.0 I 
ISupervisor Call I RR 1 SVC 154.9 1 
~---------------------+------+--------+-------------------------------------------------~ 
ITest and Set 1 SI I TS 125.2 1 
ITest Channel 1 SI 1 TCH 110.8 I 
ITest I/O 1 SI 1 TIO ISee I/O Tables. 1 
ITest Under Mask 1 SI 1 TM 124.3 I 
1 Translate 1 SS I TR 131.5 + 12.6N1 I 
~---------------------+------+--------+-------------------------------------------------~ 
ITranslate and Test I SS I TRT ICondition code 0: 31.5 + 12.6Nl I 
1 I I ICondition code 1: 44.1 + 12.6(Nl/2) 1 
I I I ICondition code 2: 54.0 + 12.6(Nl-l) I 
I Unpack 1 SS I UNPK 136.0 + 3.6Nl + 455N2 1 
(Write Direct I SI I WRD 123.4 I 
IZera and Add I SS I ZAP 160.3 + 7.2N I L _____________________ ~ ______ ~ ________ ~ _________________________________________________ J 
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SHIFT TABLES 

r-------T-----T-----T-----T-----T-----T-----T-----T-----, 
1 No. of 1 \ 1 \ I I I I \ 
IPlaces I 1 1 1 1 1 1 1 1 
IShiftedl SRLI SLLI SRAI SLAI SRDLI SLDLI SRDAI SLDAI 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
1 0 1 53.11 53.11 62.11 63.01 63.01 63.91 77.41 75.61 
1 1 \ 84.61 64.81 93.61 74.7\112.51 79.21126.9\ 90.91 
1 2 1 76.5\ 73.81 85.5\ 83.71 92.7\ 91.8\107.11103.51 
\ 3 \ 70.2\ 85.51 79.21 95.4\ 90.91107.1\105.31118.81 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
1 4 1 63.01 91.81 72.01101.71 80.11117.01 94.51128.71 
\ 5 I 94.51103.5\103.51113.41129.61132.31144.01144.01 
I 6 I 86.41112.51 95.41122.41109.811 44.9\124.21156.61 
1 7 1 80.1\124.21 89.1\134.1\108.0\160.2\122.41171.9\ 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
1 8 1 62.1\ 65.71 71.11 75.61 76.5\ 81.0\ 90.91 92.7\ 
1 9 1 93.61 77.41102.61 87.31126.0\ 96.31140.41108.0\ 
1 10 1 84.61 86.41 94.51 96.31106.21108.9\120.6\120.61 
1 11 1 79.21 98.11 88.21108.01104.41124.21118.81135.91 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
1 12 I 72.01104.41 81.01114.31 93.61134.11108.01145.81 
1 13 1103.51116.11112.51126.01143.11149.41157.51161.11 
1 14 I 95.41125.11104.41135.01123.31162.01137.71173.7\ 
1 15 I 89.1\136.8\ 98.11146.71121.5\177.3\135.91189.0\ 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
I 16 I 68.4\ 75.6\ 77.41 85.51 87.3\ 95.41101.7\107.1\ 
I 17 \ 99.9\ 87.31108.91 97.21136.8\110.71151.21127.4\ 
\ 18 1 91.8\ 96.3\100.8\106.2111 7.0\123.31 131.4\135.01 
\ 19 \ 85.5\108.01 94.51117.91115.2\138.6\129.6\150.31 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
\ 20 \ 78.31114.3\ 87.31124.2\104.41148.51118.81160.21 
1 21 1109.8\126.01118.81135.9\153.91163.8\168.3\175.5\ 
1 22 \101.7\135.0\110.71144.9\134.1\176.41148.5\188.11 
1 23 \ 95.4\146.7\104.41156.61132.31 191.7\146.7\203.41 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
\ 24 \ 77.4\ 88.2\ 86.4\ 98.1\100.8\112.5\115.21124.2\ 
1 25 1108.91 99.9\117.91109.8\150.3\127.8\164.7\139.51 
\ 26 \100.81108.91109.81118.81130.5\140.4\144.9\152.1\ 
1 27 1 94.51120.6\103.51130.5\128.71155.71143.11167.41 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
\ 28 1 87.3\126.9\ 96.31136.81117.9\165.6\132.3\177.3\ 
\ 29 1118.8\138.61127.8\148.51167.4\180.9\181.8\192.6\ 
1 30 \110.71147.6\119.71157.51147.6\193.5\162.01205.21 
\ 31 \104.4\159.3\113.4\169.21145.81208.81160.2122Q.5\ L _______ ~ _____ ~ _____ ~ _____ ~ _____ ~ _____ ~ _____ ~ _____ ~ _____ J 
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r-------T-----T-----T-----T-----T-----T-----T-----T-----1 
I No • of 1 1 1 1 1 1 1 1 I 
I Places 1 I 1 1 1 1 1 1 I 
IShiftedl SRLI SLLI SRAI SLAI SRDLI SLDLI SRDAI SLDAt 
.-------+-----+----~+-----+---~-+-~---~-----f-----f-----~ 
1 32 1 1 1 1 1 98.11 1 24.21112.51135.91 
1 33 1 1 1 1 1147.6\139.51162.01151.21 
\ 34 1 \ 1 1 1127.81144.91142.21163.81 
\ 35 1 1 \ 1 1126.01167.41140.41179.11 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
1 36 1 1 1 1 1115.21 177 • 3 1129.6\189.0\ 
1 37 1 1 1 1 1164.71192.61179.11 204.31 
1 38 1 1 1 1 1144.91205.21159.31216.91 
1 39 1 1 1 1 1143.11220.51157.51232.21 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
1 40 1 1 1 1 1111.61141.31126.01153.01 
1 41 1 1 1 1 1161.11 156 • 6 1175.51168.31 
1 42 1 1 1 1 1141.31 169 .21155.71180.91 
1 43 1 1 1 1 1139.51184.51153.91196.21 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
1 44 1 1 1 1 \128.71194.41143.11206.11 
1 45 1 \ \ 1 1178.21209.71192.61221.41 
\ 46 1 I 1 1 1158.41219.61172.8\234.01 
1 47 1 1 1 1 1158.41 237 • 6 1171.01249.31 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
1 48 1 1 1 1 1122.41155.71136.81167.41 
1 49 1 1 1 I 1171.91171.01186.31182.71 
1 50 1 1 1 1 1152.11 183.61166.51195.31 
1 51 I 1 1 1 1150.31198.91164.71 210.61 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
1 52 1 1 1 1 1139.51208.81153.91220.51 
1 53 1 1 1 1 1189.01224.11203.41235.81 
1 54 1 1 1 1 \169.2\236.71183.61248.41 
1 55 1 1 1 1 1167.41252.01181.81263.71 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
1 56 1 1 1 I 1135.91 172.81150.31184.51 
1 57 1 1 1 1 1185.41188.11199.81199.81 
1 58 1 1 1 1 1165.61 200.71180.01212.41 
1 59 1 1 1 1 1163.81 216.01178.21227.71 
~-------+-----+-----+-----+-----+-----+-----+-----+-----~ 
1 60 1 1 1 1 1153.01 225.91167.41237.61 
1 61 1 1 1 1 1202.51 241.21216.91252.91 
1 62 1 1 1 I 1182.71253.81197.11265.51 
1 63 1 1 1 1 1180.91269.11195.31280.81 l _______ ~ _____ ~ _____ ~ _____ ~ _____ ~ _____ ~ _____ ~ _____ ~ _____ J 
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I/O TIMING TABLES 

CHANNEL TIMINGS 

Start I/O (Channel) 

r-----------------------------T-----T-----' 
I Condition IMPX ISel I 
I Code IChnl IChnl I 
~----T------------------------+-----+-----~ 
10 11/0 operation initiated 1114.3190.9 I 
I land channel proceeding 1+ Ul 1+ 11 I 
I Iwith its execution I I I 
~----+------------------------+-----+-----~ 
11 ICSw stored; immediate 1105.61104.41 
I loperation initiated or 1+ Ul 1+ Ul I 
I ICommand rejected I I I 
~----+------------------------+-----+-----~ 
12 IChannel or subchannel 150.4 128.8 1 
I 1 busy 1 I 1 
~----+------------------------+-----+-----~ 
13 IDevice not operational 1132.31109.81 
1 I I + Ul I + Ul I 
~----+------------------------+-----+-----~ 
13 IChannel or subchannel 136.0 118.0 I 
I Inot operational I I I L ____ ~ ________________________ ~ _____ ~ _____ J 

Test I/O (Channel) 

r-----------------------------T-----T-----' 
I Condition IMPX ISel I 
I Code IChnl IChnl I 
~----T------------------------+-----+-----~ 
10 ISubchannel and device 168.4 145.9 1 
\ favailable 1+ Ul 1+ Ul \ 
~----+------------------------+-----+-----~ 
\1 \CSW stored device-end \64.8 157.6 \ 
I I status only 1+ Ul 1+ Ul 1 
~----+------------------------+-----+-----~ 
\1 \CSW stored, channel-end 148.6 139.6 I 
I linterruption in subchnl I I I 
~----+------------------------+-----+-----~ 
11 ICSW stored, channel-end 170.2 INot I 
I linterruption in device 1+ Ul lappl.1 
~----+----------~-------------+-----+-----~ 
\2 \Channel or subchannel 143.2 \19.8 I 
I I busy I I I 
~----+------------------------+-----+-----~ 
13 IDevice not operational 185.5 163.0 I 
I I I + Ul I + Ull 
~----+------------------------+-----+-----~ 
13 IChannel or subchannel 130.6 \12.6 I 
I \ not operational \ I \ L ____ ~ ________________________ ~ _____ ~ _____ J 
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Halt I/O (Channel) 

r-----------------------------T-----T-----' 
I Condi tion I MPX I Sel I 
ICode IChnl IChnl I 
~----T------------------------+-----+-----~ 
10 I Interruption pending 150.4 129.7 I 
I lin subchannel I I I 
~----+------------------------+-----+-----~ 
11 ICSW stored 151.3 141.4 I 
I I 1+ Ul 1+ Ul I 
~----+------------------------+-----+-----~ 
12 IBurst operation I Not 132.4 I 
I I terminated lappl.l+ U2 I 
~----+------------------------+-----+-----~ 
13 IDevice not operational 182.8 161.2 I 
1 1 1+ Ul 1+ Ul I 
~----+------------------------+-----+-----~ 
13 IChannel not operational 130.6 112.6 I L ____ ~ ________________________ ~ _____ ~ _____ J 

I/O INSTRUCTION TIMES FOR CONSOLE 
PRINTER-KEYBOARD 

Start I/O (Console Printer-Keyboard) 

Timings for the Console Printer-Keyboard do 
not include time required to handle data. 

Condition 
Code 

o 
o 
1 
2 

Read 
Write 
Read or Write 
Read or Write 

111.6 
108.0 
65.7 
38.7 

Test I/O (Console Printer-Keyboard) 

Condition 
Code 

o 42.3 
1 Active yes, 77.4 

Secondary yes 
1 Active no, 74.7 

Secondary yes 
2 No command chain 37.8 
2 Command chain 45.9 



Halt I/O (Console Printer-Keyboard) 

Condition 
Code 

o 
1 

1 

3 

Active yes, 
Secondary no 
Active no, 
Secondary yes 

46.8 
54.0 

58.5 

45.0 

I/O INSTRUCTION TIMES FOR INTEGRATED 1403 

See channel-O times for condition code 
setting of 3. In the following list, cc 
condi tion code. 

START I/O (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 wicroseconds 
b. Device-end not present (cc = 1) 

63.9 microseconds 

3. Channel-end not yet accepted 
(cc = 2): 43.2 microseconds 

TEST I/O (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/O (1403 Printer) 

51.3 microseconds 

I/O INSTRUCTION TIMES FOR INTEGRATED 2540 

The following times are for condition code 
o. See the Channel Timings section for 
other condition codes. These timings do 
not include time required for the reader or 
punch traps. 

Start I/O (2540 Reader) 

Read and Feed, data mode 1, active 0, 
secondary 0: 3144.6 + (18.0 times number of 
columns) microseconds. 

Test I/O (2540 Reader) 

ActiVe 0, Secondary 0: 51.3 microseconds. 

Halt I/O (2540 Reader) 

52.2 microseconds. 
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Start I/O (2540 Punch) 

Write and Feed, Stacker Select, Data Mode 
1: 574.2 + (36.9 tirres number of columns) 
microseconds. 

Test I/O (2540 Punch) 

Active 0, secondary 0: 45.0 microseconds. 
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Halt I/O (2540 Punch) 

44.1 microseconds. 



Access Mechanism (2311) 64 
Access Time (2311) 64 
Action of 2540 Commands 

Type AA 122 
Type AB 127 
Type BA 125 
PFR Type BA 125 
Type Bll 127 

Address Associated With Pending 
Status (2311) 94 

Address Marker (2311) 71 
Address Match Indicator 11 
Address Stop Hode 17 
Addressing 

Registers 8 
1403 Attachment 49 
Console Printer-Keyboard 2B 
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-KB) 36 
Alternate Coding Key (PR-KB) 28 
Alter/Display 

Execution 35 
Functions, t10de 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 94 
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 

146 

Byte-O And Byte-1 Indicators 11 

Cancel Key (PR-KB) 28 
Card Read Punch Timing 131 
Carriage-Control Commands 50 
Carriage-Stop Key 48 
Chain Arrangement Considerations 40 
Chaining Check (PR-KB) 34 
Channel 9 54, 61 
Channel 

Commands (PR-KB) 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, CPU 11 
1403 Status 53 
2311 Status 95 
2540 Status 12B 
Device-End Timing 132 

Check-Control Switch 18 
Check-Reset Key 15, 47 
Chips Light 113 
Chnl Indicator (See Indicators) 
Codes 150 
Combinations Of Sense Bits (2540) 135 
Command Byte (2540) 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 
RI-Rn 71 

Count (Manual Alter/Display, PR-KB) 35 
CPU Check Indicators 13 
CPU Status Indicators 11 
CPU Use Meters 19 
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CSL (See Control Storage Load) 
Customer Engineering Controls (CPU) 17 
Cyclic Check (2311) 66 

Home Address 69 
RO 70 
RI-Rn 72 
Sense 9'9 

Cylinder N:umber 
Home Address 68 
RO 70 
RI-Rn 71 

Data Area 
RO 70 
RI-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 
RI-Rn 71 

Data Record Addressing (2311) 65 
Data Records (RI-Rn) 70 
Data Reqisters 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 Conunand 51 
Diagnostic Print-Check Read Command 51 
Diagnostic Write Command 51 
Direct Control 23 
Disk-Storage Operation 74 
Display 

ALU 21 
Auxiliary Storage 20 
Control Storage 2m 
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) 36 
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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End-Of-File Cont'd 
Reader Key 114 
Ready Light 114 

End-Of-Forms Light 48 
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 
RI-Rn 71 

Folding (1403) 43 
Forms-Check Light 48 
Fuse Light (2540) 112 
GAP (2311) 67 

Horne Address 69 
RO 70 
RI-Rn 72 

Gate Load Command (MCS) (1403) 51 
Graphic Positions (1403) 40 
Graphic Set Count Length (1403) 42 

Halt I/O 
1403 56 
2311 76 
2540 132 
Timings 158 

Horne Address (2311) 68 

IBM 1403 Printer 39 
IBM 2025 Processing Unit 7 
IBM 2311 Disk Storage Drive 63 
IBM 2540 Card Read-Punch III 

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 140 
Channel Devices 141 
Instructions (2311) 75 

Instruction Step Mode 17 
Instruction Sets 23 
Instructions Timings 153 
Integrated Input/Output Characteristics 

1403 Attachment 39 
2311 Disk Attachment Control 63 
2540 Attachment 11 
Device Addressing 25 

Interchangeable Chain Cartridge Adapter 
Interface Control Check (PR-KB) 34 
Interrupt Key 13 
Interval Timer Switch 15 
Interval Timer 23 
Intervention Required 

1403 53, 60 
2311 96 
2540 130 
PR-KB 34, 26, 38 

Intvtn Reqd 26 
Invalid Sequence (2311) 97 
IPL (See Initial Program Load) 
I/O Instruction Times 

Console Printer-Keyboard 158 
Integrated 1403 Printer 159 
Integrated 2540 159 

I/O Timing Tables 158 

Jam Removal (2540) 136 

Key Area (RO) 70 
Key Area (Rl-Rn) 72 
Key Length (RO) 70 
Key Length (Rl-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) 
Meters 

(See Use Meter) 19 
Missing Address Marker (2311) 99 

25 

39 

36 

Mode Switch 17 
Model-Dependent Implementation 10 
Mode/Zone Indicators 11 
Multiple Character Set (1403) 39, 44 
Multiple-Track Operations (2311) 100 
Multiplexer Channel 141 

Device Addressing 143 
Device Priority 142 

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) 
Operation Commands (2540) 
Operator Control Panel 13 
Optional Features 23, 63, 
Overrun (2311) 97 

136 
76 
120 

Overrun (2540) 131 

Parity Check (1403) 
Parity Indicators 
PCH Indicator, CPU 
PCI (PR-KB) 33 

61 
13 

11 

105 

Pending Status Conditions (2311) 
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 
Printing Speeds 51 
Print-Check Indicator 48 
Print-Ready Indicator 48 
Priority Of System Operations 
Procd (PR-KB) 26 
Proceed Position 17 
Process Position (Diagnostic) 
Program Check (PR-KB) 34 
Program Storage 7 

47 

10 

18 

94 

Program Storage Display 20 
Program-Controlled Interruption (PR-KB) 
Program-Controlled Operations (PR-KB) 
Program-Storage Store Operation 21 
Programming Timing Information (1403) 
Programming Timing Considerations (254) 
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 

33 
29 

55 
131 
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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 Horne 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) 

Horne Address 69 
RO 70 
RI-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 

RO 70 
RI-Rn 71 

Request Key (PR-KB) 28 
Resets 

1403 62 
2311 107 
2540 136 

Restart From Error Conditions (2540) 136 
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 

Horne Address Equal (23ll) 91 
ID Equal Command 92 
ID High Command 92 
ID Equal Or High Command 92 
Identifier Command 91 
Key Command 92 
Key Equal Command 93 
Key High Command 93 
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Key Equal Or High Command 
Key And Data Equal Commands 
Key And Data High Commands 
Key And Data High Or Equal 

Commands 106 
Seek (2311) 

Check 97 
Command 79 
Cylinder Command 
Head Command 80 

80 

Select Lock Indicator (2311) 
Selected Status (2311) 99 
Selector Channel 7, 144 

Device Priority 145 
Device Addressing 145 

Sense And No-Op Commands (2540) 
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) 
Sequence Of Commands 

Type AA 122 
Type AB 123 
Type BA 124 
PFR Type BA 
Type BB 127 

125 

Set File Mask Command 
Set IC Key 15 

78 

Setup Manual Alter/Display 
Shift Tables 156 

35 

93 
106 

106 

73 

127 

135 

Single Address (Diagnostic) 
Single-Cycle Mode 18 
Single-Cycle Key (1403) 47 
Space Count Command (2311) 
Space Key (1403) 48 
Special Features 

19 

1403 39 
2540 112 
CPU 23 

Stacker Light (2540) 
Standard I/O Interface 
Start I/O (2311) 75 
Start I/O Timings 

1403 159 
2540 Reader 159 
2540 Punch 160 
Channel 159 
PR-KB 158 

Start Key 
1403 47 
2540 Reader 
2540 Punch 
CPU 15 

112 
113 

112 
1l~0 

Start/Stop Switch (2311) 
Status Byte 

73 

1403 52 
2311 (CSW) 
PR-KB 31 

94 

81 

Status Indicators, CPU 11 
Status Information (231l) 93 
Status Modifier (PR-KB) 32 



Status Modifier (Cont'd) 
2311 94 
2540 128 

Status Pending (2311) 94 
Status-Byte Bit Combinations (2540) 133 
Stop Key 

1403 47 
2540 Reader 112 
2540 Punch 113 
CPU 15 

Stop (Diagnostic) 19 
Storage Load Cards (1403) 46 
Storage Medium (1316 Disk Pack) 63 
Storage-Protect Check Indicator 13 
Storage Protection 24 
Store Key 17 
Store Local Storage 20 
Store Operations 21 
Switches And Indicators (2311) 73 
Switches, Operator Control Panel 13 
Sync-Check Indicator (1403) 48 
System Check Indicators 11 
System Control 9 
System Control Panel 11 
System Features 5 
System Initialization 21 
System Light 14 
System Reset Key 14 
Termination Operations (2540) 120 
Test Channel (2311) 76 
Test I/O (2311) 75 
Test I/O Timings 

1403 159 
2540 Reader 159 
2540 Punch 160 
Channel 158 
PR-KB 158 

Test Light 14 
Test Pattern(Diagnostic) 19 
TIC Command (PR-KB) 30 
Timing Considerations 152 
Timing Chart 152 
Track Condition 97 
Track Descriptor Record 69 
Track Format 66 
Track Initialization 104 
Track Orientation 101 
Track Overrun 97 
Transfer In Channel Command (PR-KB) 30 
Transport Light (2540) 112 
Trap Position 19 

Unit Exception Status 
1403 53 
2311 95 
2540 129 
PR-KB 33 

unit-Check Status 
1403 53 
2311 95 
2540 129 
PR-KB 129 

Unit-Status Bytes (2540) 128 
Universal Instruction Set 23 
Unse1ected Status (2311) 99 
Unusual Command Sequence (2540) 131 
Unusual Status Of Command (2540) 

Type AA 122 
Type AB 123 
Type BA 125 
PFR Type BA 126 
Type BB 127 

Use Meter 
1403 62 
2311 107 
2540 137 
CPU 19 

Va1idi ty Of 
Type AA 
Type AB 
Type BA 
PFR Type 
Type BB 

Commands 
122 
123 
124 

BA 125 
126 

(2540) 

Wait Light (CPU) 14 
Wri te Command 

1403 50 
Count, Key, 
Data (2311) 
Home Address 
Key And Data 
PR-KB 29 

And Data (2311) 
90 

(?-311) 
(2311 ) 

86 
90 

Record 
30 

87 Track Descriptor 
Wi th ACR (PR-KB) 
Feed, And Select Stacker Commands 

(Type BB) 126 

.079-Inch High Type 39 
1401 Mode Indicator 11 
51-Column Interchangeable Read Feed 112 
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