



























































































































































































































































































































































































































































































































































































































































sends a read command signal to the secondary sys-
tem, and remains on until the operation ends (end
response signal received from primary system).
If the indicator is on, when tested, the program
branches to the subroutine that starts at the I-ad-
dress specified in the instruction.

Word Marks. Word marks are not affected.
Timing.
No Branch: T = .0666 ms.
Branch (without indexing): T = 0666 ms.
Branch (with indexing): T = 0777 ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
No Branch NSI BI 3bb
Branch (without
indexing ) NSI BI blank
Branch (with
indexing) NSI BI NSI

Example. Test the secondary-system primary read in-
dicator. If the indicator is on, branch to core-storage
location 0853 (area labeled preDRT); Figure H-34.

Autocoder

Label rati OPERAND

15 ] 40 43 20
4 LN_ JPRRDRT,3 . ...
Assembled Instruction: B 853 3
Figure H-34. Branch If Primary-Read Indicator On
Branch if Primary-Write Indicator On
Instruction Format.
Mnemonic Op Code I-address d-character
BIN B I 4

Function. This instruction tests the status of the pri-
mary write indicator located in the secondary sys-
tem. This indicator turns on whenever the primary
system sends a write command signal to the sec-
ondary system, and remains on until the operation
ends (end response signal received from primary
system). If the indicator is oN, when tested, the
program branches to the subroutine that starts at the
I-address specified in the instruction.

Word Marks. Word marks are not affected.

Timing.

No Branch: T = .0666 ms.
Branch (without indexing): T = .0666 ms.
Branch (with indexing): T = .0777 ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
No Branch NSI BI 4bb
Branch (without
indexing) NSI BI blank
Branch (with
indexing) NSI BI NSI

Example. Test the secondary-system primary-write in-
dicator. If the indicator is on, branch to core-stor-
age location 0538 (area labeled prwrrr); Figure
H-35.

Autocoder

Assembled Instruction: B 538 4

Figure H-35. Branch If Primary-Write Indicator On

Branch if Primary-Sense Indicator On

Instruction Format.

Mnemonic Op Code I-address d-character
BIN B 111 6

Function. This instruction tests the status of the pri-
mary sense indicator located in the secondary sys-
tem. This indicator turns on whenever the primary
system sends a sense command signal to the secon-
dary system, and remains on until the operation
ends. If the indicator is on, when tested, the pro-
gram branches to the subroutine that starts at the
I-address specified in the instruction.

The subroutine, among other things, should con-
tain four characters of status data that specify the
secondary system’s present status. Refer to Figure
H-36 for the characters and some typical conditions.

Word Marks. Word marks are not affected.

Timing.
No Branch: T = .0666 ms.
Branch (without indexing): T = 0666 ms.
Branch (with indexing): T = .07T77 ms.

H-21



Character Conditions

Program check
Ist Data check
Other conditions further specified by 2nd character

Message - length check
2nd No available storage area
System does not want data

3rd Secondary system detects an incoming parity check

Secondary system ready to send a data message
4th to primary system
Secondary system input storage area is available

Figure H-36. Sense Data Character Examples

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
No Branch NSI BI 6bb
Branch (without )
indexing ) NSI BI blank
Branch (with
indexing ) NSI BI NSI

Example. Test the secondary-system primary-sense in-
dicator. If the indicator is oN, branch to core-stor-
age location 0385 (area labeled Prsnmr); Figure
H-37.

Autocoder
Lobel rati

OPERAND
L 30 ] ] 20 L -] 50
IkT.6 TR

Assembled Instruction: B 385 6

Figure H-37. Branch If Primary-Sense Indicator On

Branch if Primary Control Indicator On

Instruction Format.

Mnemonic Op Code I-address d-character
BIN B III 7

Function. This instruction tests the status of the pri-
mary control indicator located in the secondary sys-
tem. This indicator turns on whenever the primary
system sends a control command signal to the secon-
dary system, and remains on until the operation ends.
If the indicator is oN, when tested, the program
branches to the subroutine that starts at the I-ad-
dress specified in the instruction.

H-22

Word Marks. Word marks are not affected.

Timing.

No Branch: T = .0666‘ms.
Branch (without indexing): T = .0666 ms.
Branch (with indexing): T = .0777 ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
No Branch NSI BI 7bb
Branch (without
indexing) NSI BI blank
Branch (with
indexing) NSI BI NSI

Example. Test the secondary-system primary control
indicator. If the indicator is oN, branch to core-stor-
age location 0853 (area labeled prctrT); Figure
H-38.

Autocoder
Labe! ti

1 ] 30
[N_ [PRCIRT, T

OPERAND
45 50

Assembled Instruction: B 853 7

Figure H-38. Branch If Primary Control Indicator On

Branch if Operational Out

Instruction Format.

Mnemonic Op Code I-address d-character
BIN B III 8

Function. This instruction tests the status of the oper-
ational line which tells the secondary system when
the primary system is operating. If the primary sys-
tem is operating when tested, the program branches
to the subroutine that starts at the I-address speci-
fied in the instruction.

Any signals sent by the secondary system when
the primary system is not operating are ignored by
the primary system.

Word Marks. Word marks are not affected.

Timing.
No Branch: T = .0666 ms.
Branch (without indexing): T = .0666 ms.
Branch (with indexing): T = .0777 ms.



Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
No Branch NSI BI 8bb
Branch (without
indexing) NSI BI blank
Branch (with
indexing) NSI BI NSI

Example. Test the operational line. If the line is our
(primary system operating), branch to core-storage
location 0385 (area labeled opotrT); Figure H-39.

Avutocoder
Labe! i

o BIN.

OPERAND
! A8 30 3 40 45

POTIRT,8 . e

Assembled Instruction: B 385 8

Figure H-39. Branch If Operational Out

Read and Write Instructions

The READ and wrITE instruction — M or L (9,01)
(BBB) R or W, initiates the data transmission opera-
tion between the primary system and the secondary
system, in the specified mode.

These instructions cannot be successfully chained.

The parts of the instruction and their uses are:

M or L. The M or L operation code specifies whether
the data transmission is performed in the move or
load mode. In both the move and load mode, up
to 7 bits per character (CBA8421) are involved in
the data transmission. If the load mode is specified,
a word-separator character precedes each word-
mark-associated character, and each word-separator
character.

%01. The A-address (9,01) specifies that the sec-
ondary system is going to operate with a primary
system.

BBB. The B-address specifies the high-order position
of the message involved in the data transmission.

R or W. The d-character R specifies a read operation.
This d-character is used when the primary system
is sending the data to the secondary system. The
d-character W is used when the secondary system
is sending data to the primary system.

Figure H-40 shows a summary of the reap and
WRITE instructions.

Instruction Description

M (%O1) (BBB)R | Data sent from primary system is received by

secondary system without word-mark control.
L (%O17) (8BB) R Data sent from primary system is received by
secondary system with word-mark control .

Data is sent from secondary system to primary
system without word-mark control .

M (%01) (8BB) W

L (%O1) (BBB) W | Data is sent from secondary system to primary

system with word=mark control.

Figure H-40. Read and Write Instruction Summary

Read from Primary

Instruction Format.

A-address
%01

B-address d-character
BBB R

Mnemonic Op Code
MU M

Function. This instruction specifies a data transmission
from the primary system to the secondary system.
The data transmission is terminated in one of two
ways:

1. A group mark with a word mark sensed in the
secondary system ends the operation, and the pro-
gram then proceeds to the next instruction.

2. An end condition sensed in the primary system
(no group mark with a word mark sensed in the sec-
ondary system) forces the secondary system to end
the operation, and the secondary system proceeds
to the next instruction.

Word Marks. Word marks are not stored when op-
erating in the move mode (M operation code).

Primary System Secondary System

Write  Core-Storage Transmittetl Core Storage  Read
Op Code Contents As Before After Op Code
Y
M ABC ABC DEF ABC M
v
M AV B AvB DEF AYB M

Note. If the primary system sends data, with word-mark con-
trol, to the secondary system, the word marks are transmitted
as word-separator characters (). For example:
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Primary System Secondary System

Write  Core-Storage Transmitted Core Storage  Read

Op Code  Contents As Before After Op Code

Y ~

L AB v AB DEF vAB M

v

L AY Avy  DEF AYvYy M
Timing. T = .0999 ms - transmission time.
Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.

NSI %61 B + message length + 1

Example. Read data from the primary system and
place in core storage, beginning at location 0942
(area is labeled 1xppAT); Figure H-41,

Avutocoder
Lobel ati OPERAND
03 15h 1 25 30 49 45 S0
201, INPDAT R .
L4 7 7
Assembled Instruction: M %01 942 R
Figure H-41. Read from Primary

Read from Primary with Word Marks

Instruction Format.

Mnemonic  Op Code
LU L

B-address d-character
BBB R

A-address
%01

Function. This instruction is similar to the READ FrROM
PRIMARY instruction except that word marks in the
message area of core storage are removed, and word
marks sent from the primary system are written in
core storage.

Word Marks. Word marks transmitted from the pri-
mary system are written in core storage.

Notes. When the primary system sends data, with word-mark
control, to the secondary system, the word marks are trans-
mitted as word-separator characters (). A word-separator
character is transmitted as two word-separator characters.
For example:

Primary System Secondary System

Write  Core-Storage Transmitted Core Storage  Read
Op Code  Contents As Before After Op Code
v v
L ABC YABC  DEF ABC L
¥
L A¥B  vAvvyB DEF AYB L

When the primary system sends data, without word-mark
control, to the secondary system, the word marks are not
transmitted. A word-separator character is transmitted and
converted to a word mark. For example:
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Primary System Secondary System

Write Core-Storage Transmitted Core Storage  Read
Op Code Contents As Before After Op Code
A2 v
M ABC ABC DEF ABC L
M AvB A¥B DEF ABF L

Timing. T = .0999 ms + transmission time.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %61

B-Add. Reg.
B + message length + 1

Example. Read data from the primary system, with its
associated word marks, and place in core storage, be-
ginning at location 0294 (area is labeled mvppat);
Figure H-42.

Autocoder
Label ati OPERAND
! L 30 35 40 43 s0
DAT;R . NS
Assembled Instruction: L %O1 294 R
Figure H-42. Read from Primary with Word Marks

Write to Primary

Instruction Format.

Mnemonic Op Code
MU M

B-address d-character
BBB )\

A-address
%01

Function. This instruction specifies a data transmis-
sion from the secondary system to the primary sys-
tem. The data transmission is terminated in one of
two ways:

1. A group mark with a word mark sensed in the
secondary system ends the operation, and the pro-
gram then proceeds to the next instruction.

2. An end condition sensed in the primary system
(no group mark with a word mark sensed in the
secondary system) forces the secondary system to
end the operation, and the secondary system pro-
ceeds to the next instruction.

Word Marks. Word marks are not sent to the primary
system when secondary system is operating in the
move mode (M operation code).

Notes. When the primary system is accepting data, without
word-mark control, the word marks in the specified primary
system core-storage area are not affected. The data is read
into the specified primary system core-storage area as sent
from the secondary system. For example:



Secondary System Primary System

Write Core-Storage Transmitted Core Storage  Read
Op Code Contents As Before After Op Code

Y o ,ox

M ABC ABC DEF ABC M

Y N

M ~AB vAB DEF vAB M

When the primary system is accepting data, with word-
mark control, the word marks in the specified primary system
core-storage area are erased. Any word-separator characters
(') transmitted from the secondary system may be perma-
nently altered by the time they are written in the primary
system core-storage area. For example:

Secondary System Primary System

Write  Core-Storage Transmitted Core Storage  Read
Op Code Contents As Before After Op Code
Y
M ABC ABC DEF ABC L
. v
M YABC YABC DEF XBC L
Timing. T = .0999 ms + transmission time.
Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI %61 B + message length + 1

Example. Send data to the primary system from the
core-storage area labeled ourpar (first position of
the data located in 0942); Figure H-43.

Avutocoder

Lobet rati
e 1501

OPERAND
45

30 35
,OUTDAT, W

Assembled Instruction: M %01 942 W
Figure H-43. Write to Primary

Write to Primary with Word Marks

Instruction Format.

Mnemonic Op Code  A-address
LU L %01

B-address d-character
BBB W

Function. This instruction is similar to the WRITE TO
PRIMARY instruction, except that word marks are
transmitted to the primary system with the asso-
ciated data.

Word Marks. Word marks are sent to the primary sys-
tem when the secondary system is operating in the
load mode (L operation code).

Notes. When the primary system is accepting data, without
word-mark control, the word marks in the specified primary
system core-storage area are not affected. The data is read
into the specified primary system core-storage area as sent
from the secondary system. A word-separator character is
transmitted as two word-separator characters.

Secondary System Primary System

Write  Core-Storage Transmitted Core Storage  Read
Op Code  Contents As Before After Op Code
Y Y Y
L AB vAB DEF YAB M
hg
L YA v¥A DEF vvA M

When the primary system is accepting data, with word-
mark control, the word marks in the specified primary system
core-storage area are erased. A word-separator character is
transmitted as two word-separator characters. Any word
separator character (~v") transmitted from the secondary sys-
tem may be permanently altered by the time they are written
in the primary system core-storage area. For example:

Secondary System Primary System

Write  Core-Storage Transmitted Core Storage  Read
Op Code  Contents As Before After Op Code
Y Y Y
L ABC YABC DEF ABC L
Y Y
L ~AB  YVAYB DEF wvab L.

Timing. T = .0999 ms ~+ transmission time.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %61

B-Add. Reg.
B + message length + 1

Example. Send data to the primary system with its
associated word marks, from the core-storage area
labeled outpaT (first position of the data located
in 0429); Figure H-44.

Autocoder

OPERAND
a I ' 25 30 35 49 43 20

Assembled Instruction: L %O1 429 W

Figure H-44. Worite to Primary with Word Marks

Feature Operation

With the signals and instructions just described, the
specific type of data transmission desired is set up. To
illustrate one type of data transmission operation, as-
sume that the primary system wants to receive data
from the secondary system. The program procedure
shown in Figure H-45 and the accompanying writeup
are presented only as an example that shows the use
of the various signals and instructions in an operation.
This example should not be considered the optimum
procedure for this type of operation.

1. The primary system signals the secondary system
that it wants to read from the secondary system by
sending it a read command signal.

2. The read command signal sets on the primary
read latch in the secondary system. If program
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interruption can occur (prior execution of K > or
K (III) > instruction), the secondary system im-
mediately branches to the interrupt subroutine,
which includes the program shown in Figure H-45.

3. The secondary system program tests the various
primary indicators and finds the primary read
indicator set ox. If all indicators had been turned
off, the main program execution would continue
— step 3A.

4. With the primary read indicator on, the secondary
system is checked to see if it wants to ignore the
primary system read command.

From Main Program

SECONDARY SYSTEM

4A. If the secondary system does want to ignore the
read command, a SEND UNUSUAL-END SIGNAL in-
struction is executed, which signals the primary
system that some condition has occurred in the
secondary system and the condition should be in-
vestigated. The program then branches back to
the point where the primary sense indicator is
checked to see if it was on.

4B. The primary system recognizes and accepts the
unusual-end signal, and generates an end-response
signal that turns off the primary read indicator in
the secondary system.

IPRIMARY SYSTEM
1

System Wants To
Receive Data

|
Read Command Signal J'
Fo------ REREEEEE
. 2 [l
Is Primary |
|
B (1) 6
8 (i Primary Read Indicator |
Set On |
To Send Status | 4B
Data Subroutine |
t
Unusval End Signal | System Accepts
poomTmTmm e e Signal
t
! |
! ! T T
I End Response Signal 1 1
N ! Fo——=——— =m - 1
! ) I 4c ]
' |
1 System Wants T
System Want To Send Unusual-End | _|_ g Primary Read Indicator | Ry:c::e sc:n;—o
Ignore Read Signal - KF Set Off | Statys Data
Command |
L ! !
5 Sense Command Signal 1
Send Data To 4D L] | A
Primary System !
A Primary Sense Indicat !
rimary Sense Indicator "
(%O1) (BBB) W Yset on | Stop Operation
|
I T
_ Stop Signal | g
|
|
|
Was |
Data Sent I
Acceptable ? I
Is |
Yes ~ Primary Control
Indicator On ? z I 7a
B () 7 !
Send End Signal End Signal ' System Accepts
To Receive - S e e == Signal
Control - Data |
Subroutine |
End Response Signal _;

Primary Write
Indicator On ?
B (IN) 4

3A
Return To
Main Program

Figure H-45. Data Transmiésion Operation Schematic

To Primary
Write Subroutine
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Set Off

|

. " |
Primary Read Indicator |
|

|

|



4C.

4D.

S5A.

The primary system signals the secondary system
that it wants to receive status data from the sec-
ondary system by sending it a sense command
signal.

The sense command signal sets on the primary
sense indicator in the secondary system.

If the secondary system wants to accept the read
command, the secondary system executes a WRITE
instruction — M (%01) (BBB) W.

The actual data transmission begins and con-
tinues until one of the systems ends the operation.
The secondary system ends the operation when
a group mark with a word mark is encountered
in core storage.

The primary system could end the operation by
using the stop line. This would cause the second-
ary system to end its write operation; and, depend-
ing on program procedure, send either an end or
an unusual-end signal to the primary system as a
recognition signal of the stop. The end or unusual-
end signals are accepted and the procedures dis-
cussed elsewhere in the example writeup are car-
ried out (steps 6, 4A-4D or 7).

7A.

3A.

After the data transmission ends, the data is
checked to see if it was acceptable. If the data
sent was not acceptable, then steps 4A-4D are
repeated at this time.

If the data sent was acceptable, a SEND END SIGNAL
instruction is executed, which sends an end signal
to the primary system.

When the primary system recognizes and accepts
the end signal, it generates an end-response signal
that turns off the primary read indicator in the
secondary system.

With the completion of the data transmission op-

eration, the next sequential instruction in the main
program is executed.

Notes:

The conditions that specify the terminating system are:

1. The writing system terminates the data transmission when
the read input area is longer than the write output area.

2, Both the reading and writing systems terminate the data
transmission when the read input area is the same size as
the write output area.

3. Both the reading and writing systems terminate the data
transmission when the read input area is one core-storage
position shorter than the write output area.

4. The reading system terminates the data transmission when
the read input area is shorter than the write output area by
more than one core-storage position.

H-27



Indexing and Store Address Register

This feature provides the 1M 1440 Data Processing
System with greater program flexibility, by making
address indexing and address storing more automatic.

Indexing

The indexing portion of the indexing and store address
register special feature provides three 3-position index
locations (registers) that can be used. to modify ad-
dresses automatically. These three index registers are
part of core storage and can be used as normal storage
positions when not being used as index register loca-
tions. The core-storage addresses assigned and the
index register numbers are:

Index Register Numbers Core-Storage Positions

1 - 087-089
2 ) 092-094
3 097-099

Factors contained in the index registers can be ini-
tialized and modified in several ways. The index factor
can be placed in the index register by normal program-
ming (ADD or MOVE instructions, for instance), and the
factor can be changed (add or subtract operations, for
example). In these instances, a word mark must be
set in the high-order position of the index register
prior to inserting or changing the index factor.

The two-address STORE B-ADDRESS REGISTER instruc-
tion is usually easier to use. The app and SUBTRACT in-
structions can cause unwanted zone-bits to appear in
the resultant factor. Figure H-46 illustrates how index
register 1 can be initialized to zeros, index register 2

incremented by 10, and index register 3 decremented

y 3.
Avutocoder
Label perati OPERAND
15516 ! 25 30 35 a9 45 -]
e SBR L XL L0 N e
] SBR, . [X24104X2 S, oL
T SBR. . IX3.415997+X3. . .. R

Assembled Instruction: H 089 000
H 094 0JO
H

099 1IG

Note: Assuming the Autocoder equates the 1440 index registers to
the actual machine addresses: X1'=089, X2 =094, and
X3 = 099. '

Figure H-46. Initializing, Incrementing, and Decrementing

Index Registers
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Both the A-address and/or the B-address can be
modified by the factor contained in any one of the
three index registers; however, only core-storage ad-
dress can be modified.

The A- and/or B-address specifies which index reg-
ister is to be used by a combination of A- and B-bits
in the tens position of the address. The bit combina-
tions and the registers they specify are:

Bit Combination Index Register Numbers Zone Punch
A-bit, No B-bit 1 Zero
B-bit, No A-bit 2 Eleven
A-bit, B-bit 3 Twelve

When the tens position of an A- and/or B-address con-
tains one of these zone-bit combinations, the address
is referred to as being tagged.

)3 Positions Tagged
! y
(6 AAA BBB

Note: After any arithmetic operation that affects the indexing
factor, zones that appear in the units or tens position of any
index location must be removed. (The modify-address instruc-
tion is not, in this sense, an arithmetic function.)

The modification of the A- and/or B-address occurs
in their respective address registers. For instance, if
the A-address is indexed, the indexing occurs in the
A-address register. This means the original instruction
in storage is in no way changed or modified.

1. The A-address and B-address are analyzed for in-
dexing as they are moved into the address registers.

2. The contents of the proper index location (indexing
factor) is added to the contents of the address regis-
ter and develops the effective address there, when
indexing is indicated.

3. Three or four additional cycles are required for
each address indexed. (The fourth cycle is required
when the new address has been modified so that it
is in the next highest group of 4,000 storage posi-
tions. The zone-bit configuration in the units po-
sition must reflect the new group of positions.)

Increasing an Address

To increase a core-storage address using the indexing
feature, the contents of the index location is added to
the selected address register. Figure H-47 illustrates
various methods of address modification using the in-
dex locations.



INSTRUCTION | INDEX LOCATION EFFECTIVE
IN STORAGE 1 213 INSTRUCTION
BEFORE M 080 1A7 010 {025 | 050
1. INDEX THE B-ADDRESS
AFTER M 080 1A7 010 | 025 | 050 M 080 167
BEFORE M 0s0 1J7 010 {025 { 050
2. INDEX A- AND B-ADDRESS
AFTER M 0so 137 010 | 025 | 050 M 030 142
BEFORE M JBO 8CO 010 | 025 {050
3. INDEX A- AND B-ADDRESS
AFTER M JBO 8CO 010|025 | 050 M J70 880

Figure H-47. Indexing

Decreasing an Address

To decrease an address, the 16,000’s complement of
the amount to be subtracted from the address must be
stored in the index location.

Example.
Decreasing Required: Decrease a B-address by 10
Indexing Factor (Complement): 16,000 — 10 (15,990)

The 15,990 converts to the three digit factor 19? (Fig-
ure H-48).

Using the modulus 16 rules, the arithmetic overflow
adds an A-bit in the hundreds position (both the hun-
dreds and units positions already contain A- and B-bits,
the combination of which indicates a 15,000-15,999
block address). The addition of the A-bit increases the
value of the zone bits to 16 which, according to modu-
lus 16, has an address value of 0 (000-999 block ad-
dress). Therefore, the new address is 927. With the
indexing feature, even though there was an overflow,
the arithmetic overflow indicator is not turned on.

Store Address Register

The store address register portion of the indexing and
store address register special feature make it possible
to store the contents of the A- and B-address registers.
Thus, the A- and B-addresses of program instructions
can be modified directly in cases where variable length
records are being processed. This facility also makes it

INSTRUCTION INDEX LOCATION EFFECTIVE
IN STORAGE 1 2 3 INSTRUCTION
BEFORE L 123 917 199
AFTER L 123 977 19? 1123 927
937 + 19? = 927 (with overflow)
" | = (AB9)
? = (ABO)

Figure H-48. Converting Address

easier to re-enter the main program from a subroutine.
Because the address of the next instruction in sequence
can be retained, program re-entry is simplified.

A subroutine is a set of program instructions that
are executed, if a particular condition arises during
the main routine. For example, if an unequal compare
occurs during processing, the program branches to a
subroutine in which a special set of instructions han-
dles the condition.

Each time a subroutine is used, some method must
be employed to link it with the main program. The
function of the STORE A-ADDRESS REGISTER, and STORE
B-ADDRESS REGISTER instructions is to establish subrou-
tine linkage so that upon leaving the sequence of the
main program it is possible to execute the steps of the
subroutine, and return to the main program where
the sequence was interrupted.

Store A-Address kegi’ster

Instruction Format.

Mnemonic
SAR

Op Code
Q

A-address
AAA

Function. This instruction stores the contents of the
A-address register from the previous operation, in
the 3-position field that has its units position defined
by the A-address of the STORE A-ADDRESS REGISTER
instruction.

Word Marks. Word marks are not affected.

Timing. T = .0111 (L; + 5 or 6*) ms.

* Plus 5 or 6, depending on the presence or absence of zone
bits in the units position of the address being stored.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-3

B-Add. Reg.
Ap
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Chaining. If this instruction is chained (operation
code only) to the preceding operation, the following
will result:

M 617 xxx Base instruction. (Assume l-position field.)

6613 Normal STORE A-ADDRESS REGISTER operation.
- The address factor 616 is stored in locations 611,
612, and 613.

Q Chained STORE A-ADDRESS REGISTER instruction.
- The address factor 610 will be stored in locations
608, 609, and 610.

NSI

If the A-address factor is required in more than
one place, follow the base instruction (which leaves
the address factor to be stored) with one sTORE
A-ADDRESS REGISTER instruction, followed by as many
STORE B-ADDRESS REGISTER instructions as might be
required to satisfy the program requirements.

Example. Store the contents of the A-address register
in area labeled aaprc (0625); Figure H-49.

Store B-Address Register (One Address)

Instruction Format.

A-address
AAA

Mnemonic Op Code
SBR H

Function. This instruction stores the contents of the
B-address register resulting from the previous op-
eration, in the 3-position field that has its units
position defined by the A-address of the sTore
B-ADDRESS REGISTER instruction.

Word Marks. Word marks are not affected.

Timing. T = .0111 (L; + 4 or 5*) ms.
* Plus 4 or 5, depending on the presence or absence of zone
bits in the units position of the address being stored.

Note. When indexing is installed in the 1440, the functioning
of all branch commands is altered to simplify subroutine
linkage. With these alterations, each time a branch occurs
as a result of one of these commands, the address of the next
sequential instruction in the main routine is inserted in
the B-address register.

Although the subroutine may be entered from many dis-

Au’“::: - OPERATD tant points in the main program, this use of the sBr operation
2 3 .0 48 20 makes the subroutine linkage complete.
Assembled Instruction: @ 625 Address Registers After Operation.
I1-Add. Reg. A-Add. Reg. B-Add. Reg.
Figure H-49. Store A-Address Register NSI A-3 Bp
IBM e
Program —
INTERNATIONAL BUSINESS MACHINES CORPORATION Identification oo
Progr d by —_ AUTOCODER CODING SHEET 7 8o
Date IBM 1401-1410-1440-1460 Page No.Luil of

Line OPERAND
5 sls 25 30 35 40 _45 50 55 60 65 70
s e MAIN PROBRAM STELS. o « o N L
o2 | .t B TR L BRANGH TO MULTIPLY. SUBROUTINE . . . . . . . |
o3 | ... o VLI FELNZ . FIRST. MAI M- PROGRAM STEL AFTER oo o . . . .|
FYCY I DU B s, ‘
08 | v BT e DTHER MAINMAPROGEAM STEPLS et o oy s )
o6 WbeTod ., sge Wiiasrez . SETWA BRAMCH - BALK Ll MEKLEE o o o o o o oo o
07 | R s MULTBY ST EPS e ot ket
o8 Wusasa . B oo BRAMGH-OUT, JNSTRY.CT 0N, [ BRANCHES. To.
[IX-7 R . N S A V4 c. .
Assembled Instructions: B 495 Branch to multiply subroutine.
A 880 990 First main-program step after multiply subroutine. This instruction-address is stored
in the branch-out instruction: MULAST +3.
ANt Main-program steps.
H 654 Store address of instruction following B MULTRU in l-address of last multiply-
subroutine step.
A Multiply subroutine steps.
B 000 Completes linkage between MULTRU subroutine and main program.

Figure H-50. Store B-Address Register (One Address)
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Chaining. This instruction can be chained to the pre-
ceding operation (if that instruction left usable
address-register contents) by supplying only the
operation code.

Example. The main routine branches to a multiply
subroutine labeled murtrRU (0495). This example
shows the last step in the main routine, and the first
and last steps of the multiply routine, and illustrates
subroutine linkage ( Figure H-50). The last instruc-
tion (labeled murast), plus three,contains the ad-
dress of the next instruction in the main routine.

Store B-Address Register (Two Addresses)

Instruction Format.

Mnenomic Op Code
SBR H

A-address
AAA

B-address
BBB

Function. This instruction stores the present contents
of the B-address register in the 3-position field that
has its units position defined by the A-address of
the STORE B-ADDRESs REGISTER instruction. The B-
address register contains the number specified by
the B-register portion of the STORE B-ADDRESS REGIS-
TER instruction.

Word Marks. Word marks are not affected.

Timing. T = .0111 (L; + 4 or 5%) ms.
* Plus 4 or 5, depending on the presence or absence of zone
bits in the units position of the address being stored.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI A-3 B

Chaining. This instruction can be chained to the pre-
ceding operation (if that instruction left usable
address-register contents) by supplying only the
operation code.

Example. Store contents (0456) of the B-address regis-
ter (any 3-character factor) in the area labeled
BADRG (0123); Figure H-51.

Autocoder
Labet OPERAND
Assembled Instruction: H 123 456
Figure H-51. Store B-Address Register ( Two Addresses)
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Multiply-Divide _

This feature makes it possible to perform direct multi-
plication and division in the 1BM 1440 Data Processing
System.

Multiply
Instruction Format.
Mnemonic Op Code A-address B-address
M @ AAA BBB

Function. The multiplicand (data located in the A-
field) is repetitively added to itself in the B-field.
The B-field contains the multiplier in the high-order
positions, and enough additional positions (low or-
der) to allow for the development of the product. At
the end of the multiply operation, the units posi-
tion of the product is located at the B-address. The
multiplier is destroyed in the B-field as the product
is developed. Therefore, if the multiplier is needed
for subsequent operations, it must be retained in
another storage area.

The multiply-divide feature for the 1440 system
has additional circuitry that automatically elimi-
nates readdressing machine cycles when recomple-
menting is required during the operation.

Rules:

1. The product is developed in the B-field. The
length of the B-field is determined by adding I to
the sum of the number of digits in the multipli-
cand and multiplier fields.

Example:
1246 4-digit multiplicand
X 543 3-digit multiplier

+1

8 positions must be allowed in
the B-field.

2. A word mark must be associated with the high-
order positions of both the multiplier and multi-
plicand fields.

3. A- and B-bits need not be present in the units
positions of the multiplier and multiplicand fields.
The absence of zone bits in these positions indi-
cates a positive sign. At the completion of the
multiply operation the B-field has zone bits in the
units position of the product only. The multiply
operation uses algebraic sign control (Figure

H-52).
Multiplier Sign + + - —
Multiplicand Sign + - + —
Sign of Product + - - +

Figure H-52. Algebraic Sign Control for Multiplication
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4. Zone bits that appear in the multiplicand field
are undisturbed by the multiply operation. Zone
bits in the units position of the multiplicand are
interpreted for sign control.

Timing. The average time required for a multiply op-
eration is:

L = length of multiplicand field.
Ly = length of multiplier field.

A chart of approximate timing is included in the
section on Multiply and Divide Timing.

Notes. The first addition within the multiply operation inserts
zeros in the product field from the storage location specified
by the B-address up to the units position of the multiplier.

The A-address register and the B-address register indicate
positions within the A- and B-fields on which operations are
currently being performed.

Word Marks. A word mark must be associated with
the high-order positions of the multiplier and multi-
plicand fields.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-L¢
L, = Length of product field.
Lc = Length of multiplicand field.

B-Add. Reg.
B-L,

Chaining. This instruction cannot be successfully
chained.

Example. Multiply:

Location of Contents of

Label Data Word Data Word Description
MULCAN 0502 1246 Multiplicand
MULIER 0065 543 Multiplier
PRODCT 0610 Product

The size of the product field is 4 + 3 + 1 = 8.
The multiplier is placed in the three high-order
positions of the propcT area (0603, 0604, and 0605).
At the completion of the multiply operation, load
the product in the area labeled out2 (0178). The
units positions of the multiplier and multiplicand
fields may be signed (Figure H-53).

Avutocoder

Label rati OPERAND
Ll ! 25 30 35 s0 45 50
. ZA MU L LER,PRODCT =5 R
. M. MULCAN,PRODCT. i
(¥4 RODLTA\OUVT2. . s R e

Assembled Instruction: 2 065 605

@ 502 610

L 610 178

Figure H-53. Multiply



Divide

Instruction Format.

Mnemonic Op Code A-address B-address
D % AAA BBB

Function. This instruction divides the data (dividend)
in the low-order positions of the B-field by the di-
visor located in the A-field, and develops the quo-
tient in the high-order positions of the B-field. The
remainder is left in the low-order positions of the
B-field. '

Rules:

1. The quotient is developed in the B-field. The
length of the B-field is determined by adding 1 to
the sum of the number of digits in the divisor
and dividend fields.

Example:

543 1246 4-digit dividend
3-digit divisor

+1

8 positions must be
allowed in the B-field.

2. A word mark must be associated with the high-
order position of the A-field.

3. In all cases either A- and B-bits (plus sign) or
B-bit (minus sign) must appear in the units posi-
tion of the dividend field. The divisor may be
either signed or unsigned. If there are no bits in
the units position of the divisor, the machine as-
sumes the divisor factor is positive. The divide
operation uses algebraic sign control (Figure
H-54).

4, The dividend is loaded in the low-order positions
of the B-field (Figure H-55) by a ZERO AND ADD
instruction to ensure that zeros are present in the
high-order positions of the B-field.

5. The B-address in the pivbE instruction specifies
the high-order position of the dividend.

At the completion of division:

Divisor Sign + + - —_
Dividend Sign + - + -
Quotient Sign + - - +
Remainder Sign + - + -

Dividend
+*
0000XXXX

Figure H-55. Dividend in B-Field

a. The quotient is in the high-order positions of the B-field.
The location of the units position of the quotient, is the
address of the units position of the dividend, minus the
length of the divisor, minus one.

b. The remainder is in low-order positions of the B-field.

c. The sign of the quotient is over the units position of the
quotient field.

d. Because only one quotient digit can be developed at a
time, it is important to address the high-order position of
the dividend (B-address of the pivibe instruction). This
ensures that the first divide operation results in a single
high-order quotient digit. A dividend improperly ad-
dressed can cause an arithmetic overflow if the result of
the first divide operation is greater than 9.

Note: A divide operation refers to the process of developing
each quotient digit. If the quotient field is not large enough,
no overflow is indicated. The machine does not check for this
programming error. Division by zero results in an arithmetic
overflow condition. Figure H-56 shows the result of a divide
operation.

Extra zeros can be added to the dividend prior
to a divide operation when a larger quotient is re-
quired. For each additional quotient digit desired,
place one zero to the right of the dividend as shown
in Figure H-57. Note that in this example, the units
position of the quotient is not located in the position
previously described in Item 5a.

Word Marks. A word mark must define the high-order
position of the divisor.

Timing. Average time required for the execution of a
divide operation is calculated:

T =.0999 + 7LRLQ + 8LQ ms.
Lq = length of the quotient field.
Lz = length of the divisor field.

+ ¢t

XXXX XXX
Quotient Remainder
B-FIELD

Figure H-54. Algebraic Sign Control for Division

Figure H-56. Location of the Results of a Divide Operation
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Regular
tient
0001 Quotien
+
1234 I 1234 0001 +
000001234
—
Dividend
1234 Divisor
Additional Quotient
digits desired.
tient
0001. 000 Quotlen
&+
1234 I 1234, 000 0001.000
+
000001234.000
;w_J
Dividend
1234 Divisor

Figure H-57. Additional Quotient Digits

A chart of approximate timings is included in the
section on Multiply and Divide Timing.

Note. The quotient field is not cleared before actual division
begins.
Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-Lz

B-Add. Reg.

Tens position of quo-
tient. If divisor has all
zeros, the B-address
register stands at the
units position of the
dividend, minus the
length of the divisor,
minus the length of
the dividend, minus 1.

Chaining. This instruction cannot be successfully
chained.

Example. Figure H-58 is a symbolic example for pIvipE.

Locaton of
Label Data Word Data Word Description
DIVEND 0502 1246 Dividend
DIVSOR 0065 543 Divisor
QuoT 0985 Quotient
Avutocoder

2 502 985
% 065 982

Assembled Instruction:

Figure H-58. .Divide
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Multiply and Divide Subroutine

These are subroutines for multiply and divide opera-
tions, discussed here to illustrate programming meth-
ods and to aid in programming machines not equipped
with the multiply-divide special feature. These are not
the only methods of performing these operations; they
are typical methods. These sample (actual-machine
language) programs are easily converted to Autocoder
language to fit the particular application.

Multiply Subroutine

The block diagram in Figure H-59 illustrates the logic
used to develop the multiply subroutine discussed
here. The subroutine provides for a maximum of a
9-digit multiplier, 11-digit multiplicand, and a 20-digit
product, and uses positive factors.

Clear
Product
Area

1

Load
Multiplier

Test For
True Zero
?

Test For
Plus Zero
?

Test For
Word Mark
?

No
Add
Multiplicand
To Product

Shift Right Reduce
Multiplier
By 1
Move Product 1
To Output Area
Branch Branch
Unconditional Unconditional
To Zero Test To Zero Test
Branch To
' Main Routine t

Figure H-59. Multiply Flow Chart



The subroutine is written in actual language (Fig-
ure H-60), and occupies the 900 block of storage. A
multiplier area is provided in storage positions 901-
909, and the product area is assigned in storage posi-
tions 910-929. The multiplicand can be located any-
where.

Any program that uses this subroutine must include
a step that moves the multiplier address (XXX) to
location 937 and the multiplicand address (YYY) to

location 960.

At the completion of the multiply subroutine, the
program instruction step 12 is a branch to the main
program or stop instruction.

The routine starts in storage position 930. The prod-
uct is found in 929 for a 9-digit multiplier, 928 for 8-
digit, 927 for 7-digit, 926 for 6-digit, etc.

Note: The multiply subroutine results in blanks instead of
zeros in the low-order position of a product when the multiplier

contains low-order zeros. To correct this situation, set the
product area to zeros.

IB INTERNATIONAL BUSINESS MACHINES CORPORATION
M PROGRAM CHART
1BM 1401-1440-1460

TORM  X24.6437
PRINTED IN US.A.

Divide Subroutine

The restrictions placed on this subroutine (Figures
H-61 and H-62) are:

From Main Routine

Adjust Addresses

Is Divisor
Digit Zero
?

!

Add One To
Address and
Quotient Counter

Find Number of
Significant Digits

In Divisor
I Does Counter
Equal Length of
Divisor
Adjust Addresses

o

9 digit Multiplier
11 digit Multipli
20 digit Product

and

Program; ___Multiply Subroutine Pr . Dote:
Instruction Effective No.
S'Le: A‘I{S:;;s O || ‘5 ; Remarks of Characters
P dé ; d: : d Inst] Data[Total
{1930 |/l9i20 Ly Clear Product Area 4]
2] 934 |L|x|xix|9019 Load Multiplier 7
ot . ;7 ! s T Subtract Divisor
3 1 [B 7y 9 ;0 !9 0} Test 909 for true zero 8 From Dividend
4| 949 [8]91715/910 192 No true zero - test for plus zero 8
T T T T
51 957 |alylvlvy|ei2 ! No zero ~ add Multiplicand to Product 7
+— =
6l 964 |slololalolole Reduce Multiplier by 1 7
T T T T
7] 971 |B|9 f 4: 1 { : Branch to zero test 4
T 1 Is
I 1 ! 1
8| 975 |V9 i9i 519,019]1) Test 909 for Word Mork 8 Dividend Negative Yes
9] 983 [L|9 .2£ 8|9 z; 9 No Word Mark = Shift Right 7 ? 1
10| 990 [B|9 4; 1 . Branch to zero fest 4
1l 994 |1 ; Constant 1" 1 No Add Divisor
12| 995 Blziziz Multiplication complete - Branch back to Back to Dividend
; Program
A
1
| |
}
XX X Location of Multiplier Add One Adijust Addresses
Y Y; Y| Location of Multiplicand To Quotient ?:S’::::;::
z z‘} z Address of next Program Stop
1
|
T
I
I
T
]

Figure H-60. Multiply Subroutine ( Actual)

I

Is There A
Word Mark
?

Division Completed
Branch to
Main Routine

Figure H-61. Divide Flow Chart
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Figure H-62.
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Divide Subroutine (Actual)

IBM INTERNATIONAL BUSINESS MACHINES CORPORATION FORM X24-6437
PROGRAM CHART PRINTED IN U.S.A.
IBM 1401-1440-1460
Program; Divide Routine Example Programmer: Date:
Ste Inst Instruction Effective No.
N':>p Addre;s Al B Remarks of Characters
. Pidi ¢+ [d | |d Inst.| Data | Total
o Lo ?fore Address of Word Mark Position
516 IM5!0! 7|5!2' 9 | (High Order) of Divisor
T 1 T T
523 Bl 616} 21 Y]Y] V0| Branch if Divisor Digit Equals Zero
L r gumber of High
531 [s|5,1,2/5]1,5 (Length of Divisor) - Order Zeros)
1 1
538 |A|5) 1i 5 5; o: 1| | Adjust Dividend Address
545 Al511, 515,01 4] | Modify Addresses
552 95;1;?’5;0;]
559 s|511,3/51044
. ol Clear zone from low=order position fo
566 YL 7,5, 515 041 prepare for address assignment .
Lo N Clear zone from low-order position to
573 (Y| 7 | 5; 5 5! 0{ 4 prepare for address assignment .
|
580 5 :r OL 116 } AJ: 2 Set Modified Addresses into Divide Routine
587 IM 510, 116149
[
594 M 5,00 16,98
601 M 5; 0; 1 7; 0:L5 DATA FOR DIVISION SUBROUTINE
608 1M 510, 117,119 Location of
i L Data Word ~ Data Word Description of Data
615 5!0!46|5|7
L o 501 WWW  Address of word mark position (high
622 5 l I|r 0lé6 { 3 | 9 Set Divisor Address order) of dividend
[ [N
629 3 i ]Ir 0 6} s 5 504 XXX Address of word mark position (high
i . .
636 S| 7| 7 Z| W W{W|_| Subtract Divisor from Dividend order) of quotient
I I
643 |V 6 ; 9i 2 Wl M WIK] Branch if Negative Result 507 YYY  Address of word mark position of
divisor
651 |A 5 1{T 3| x| x:Lx Add One to Quotient
! 510 ivi:
658 [B| 6| 3} 6 ! : Repeat Subtraction zzz Divisor Address
=T T
662 _|A 5i 1, 3/5, 2:L 9| | Add One to YYY Address 512 00 Sptf"fer for number of zeros in
ivisor
669 (A 5:[ ll[ 3 5; 1; 2 Increase Counter by One
[ (. 513 1 Constant
676 |C 5} 1 215, l; 5 If Equal, Divisor Equals Zero
! ! 515 NN Length of the divi
683 |B 5,213 | ; /1 Branch Unequal ength of The diviser
i . !
|
688 |, 7JI_6; Q - Halt - cannot Divide by Zero
692 |Al 27 Z| W, W, W | Add Divisor to Dividend
o U Move blank zone to word mark position of
699 1Y 7= 55 5 W{ W}W dividend
706 A5;1:'37,111:9
713 |V 71 6/ 0| W W{W| 1] Test for End of Divide
721 |l 5! ]: 3 6|[ ny I‘S\i%c%ify Addresses to Develop Next Quotient
1
T Al T ¥
728 A 5i 'I:T 3 6; 4; 9 ” " " " " 1"
735 A 5 ; ] i 3 6 ; 5; 7 " " " n " n
[
742 A 5} ‘]Il 3 6! 9} 8 n " n " " "
74 5i 'Li 7—1:70£ 5 n " " " " "
756_|B 6i 31: 6 i ; Return to Divide Calculations
[
760 A Divi lete




1440 Multiply Times Based on Multiply Subroutine (milliseconds)

Number of Positions
in Multiplicand ——» ] 2 3 4 5 6 7 8 9 10 11
1] 3.387| 3.503 ] 3.609 | 3.725 | 3.831| 3.937 | 4.053| 4.169 | 4.275] 4.391| 4.507
2 2| 6.851 | 7.073 | 7.295| 7.517 | 7.739 | 7.961| 8.183| 8.405 ] 8.627 | 8.849 | 9.071
-g 3[10.364 | 10,692 | 11,030 | 11.358 | 11.696 | 12,024 | 12.362 | 12.690 | 13.028 § 13,356 | 13.693
3 _ | 4{13.915| 14.359 | 14.083 | 15.247 | 15.691 [ 16.135 | 16.579 | 17.023 ( 17.467 | 17.910 | 18.354
oo | 5]17.515| 18,074 | 18,625 | 19,184 | 19.734 | 20.294 | 20,844 | 21,404 {21.954 | 22.513 | 23.064
° ol 6|21.162|21.828 | 22.494 | 23,160 | 23.826 | 24.492 | 25.158 | 25.823 |26.489 | 27.155 | 27.821
2 % 7124.858 | 25,640 | 26.412 | 27,194 | 27 .966 | 28.747 | 29.519 | 30.301 | 31.073 | 31.855 | 32.627
EZ= | 8128.593 | 29.481 | 30.369 | 31.256 | 32.144 | 33,032 | 33.920 | 34.808 | 35.695 | 36.583 | 37.471
Z £ | 9(32.366 | 33.370 [ 34.364 | 35,367 [ 36.361 | 37.365 | 38.359 | 39.362 | 40.356 | 41,360 | 42.354

Figure H-63. 1M 1440 Multiply Times (Based on Multiply Subroutine)

1. The dividend and quotient fields must be of equal
length.

2. The dividend and divisor must both be positive.

3. The divisor must have no zone for its positive indi-
cation. This is necessary only if the divisor could
be zero.

4. The divisor cannot contain more than nine lead-
ing zeros.

5. All fields must be located completely below ad-
dress 999.

6. At the completion of the subroutine, the address
of the units position of the quotient can be found
in the B-address of the instruction located in 651.

7. The remainder is left in the dividend field.

8. A word mark must be located immediately to the
right of the units position of the dividend.

9. The quotient area must be preset to zeros or
blanks to develop the correct quotient. If the area
is not zeroed or blanked, the quotient is added
to whatever is there. The positions added de-

10.

pend on the number of leading zeros in the di-
visor.

The information shown in Data for Division Sub-
routine (Figure H-62), except the constant I in
location 513, must be set initially for each desired
execution of the divide subroutine. The two ad-
dresses in locations 507 and 510, associated with
the divisor, are not altered. Thus, they do not have
to be reinitialized if the divisor is contained in the
same area.

Multiply and Divide Timings

The four timing charts give the approximate timings
of multiply (Figures H-63 and H-64) and divide (Fig-
ures H-65 and H-66) operations. Two of the charts are
based on the timings when a subroutine written in
actual language is used. The other two charts are
based on the timings required when the system is

equipped with the special feature for multiply and
divide.

1440 Multiply Times With Special Feature (milliseconds)

Number of Positions

in Multiplicand ——» 1 2 3 4 5 6 7 8 9 10 11

1 266 .335 .403 472 .540 609 677 746 814 .883 .951
2 2| .400 .533 666 799 L932 | 1.065 | 1.199 | 1.332 | 1.465 | 1.598 | 1.731
.8 3| .532 722 O11 | 1,100 | 1.289 | 1.478 | 1.668 | 1.857 | 2.046 | 2.235 | 2.424
'.‘é 41 666 910 | 1.154 | 1,398 | 1.643 | 1,888 | 2.132 | 2.376 | 2.620 | 2.864 | 3.108
o 5 15| 799 | 1.099 | 1.399 | 1.699 | 1.999 | 2.300 | 2.600 | 2.900 | 3.200 | 3.500 | 3.800
s S |6| 932 | 1.287 | 1.642 | 1.998 | 2.353 | 2.708 | 3.063 | 3.418 | 3.773 | 4.128 | 4.483
_l"a-’ = |7 (1.065 | 1.476 | 1.888 | 2,299 | 2,710 | 3.121 | 3.532 | 3.943 4,354 | 4.765 | 5.176
E=Z 181,198 | 1.665 | 2.131 | 2.597 | 3.063 | 3.529 | 3.995 | 4.461 | 4.927 | 5.393 | 5.859
Z £ |9]1.331 | 1.854 | 2.376 | 2.898 | 3.420 | 3.942 | 4.464 | 4,986 | 5.508 | 6.030 | 6.552

10 11,465 | 2.042 | 2.619 | 3.196 | 3.773 | 4.350 | 4.927 | 5.504 | 6.081 | 6.659 | 7.236

Figure H-64. 1BM 1440 Multiply Times (with Special Feature)
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1440 Divide Times Based on Divide Subroutine (millseconds)

Number of Positions

in Quotient ——| 1 2 3 4 5 ) 7 8 9 10
‘ 11 8.204 | 13.223 | 18.242 | 21,965 | 25.487 | 29.008 | 32.529 | 36.050 | 39.572 | 43.093
2 2| 8.560 | 13,413 | 18.266 | 22.107 | 25.794 | 29.482 | 33.169 | 36.856 | 40.544 | 44,231
2 31 8.915 | 13,601 | 18.287 | 22,253 | 26.107 | 29.961 | 33.816 | 37.670 | 41,524 | 45,378
‘3 4] 9.270 | 13.790 | 18.310 | 22.396 | 26.416 | 30.436 | 34,456 | 38,476 | 42.497 | 46.517
b 5| 9.625 | 13,978 | 18,331 | 22.541 (26.729 | 30.916 | 35.103 | 39.290 | 43.477 | 47 .664
O 5 |6]9.980 | 14.167 | 18.354 | 22.684 | 27.037 | 31.390 | 35.744 | 40.097 | 44,450 | 48.803
25 |7/10.335 | 14,355 | 18,376 | 22.830 (27,350 31.870 | 36.390 | 40,910 | 45.430 | 49.950
Eo | 8(10.690 | 14,544 | 18.399 | 22.973 | 27.659 | 32.345 | 37.031 | 41.717 | 46 .403 | 51.089
Z £ |9]11.045 (14,733 | 18.420 | 23.119 | 27.971 | 32.824 | 37.677 | 42.530 | 47.383 | 52.236
10 |11.401 | 14,927 | 18.444 | 23,261 | 28.280 | 33.299 | 38,318 | 43.337 | 48.356 | 53.375

Figure H-65. 1M 1440 Divide Times (Based on Divide Subroutine)
1440 Divide Times With Special Feature (milliseconds)
Number of Positions

in Quotient—— | 1 2 3 4 5 6 7 8 9 10
1 266 .433 .599 766 .932 | 1,099 | 1.265 | 1.432 | 1.598 | 1.765
2 2 | .345 .589 .833 1,077 | 1.321 | 1.565 | 1.809 | 2.054 | 2.298 | 2.542
2 3 | .423 J44 | 1,065 | 1,387 | 1.708 | 2.029 | 2.351 | 2.672 | 2.993 | 3.315
3 4 | .500 899 | 1.299 | 1.698 | 2.098 | 2.497 | 2.897 | 3.296 | 3.696 | 4.095
& 5 | .577 | 1.055 | 1,532 | 2.010 | 2.488 | 2.965 | 3.443 | 3,921 | 4,398 | 4.876
° ‘3' 6 | 655 | 1,210 | 1,765 | 2,320 | 2.875 | 3.430 | 3.984 | 4.539 | 5.094 | 5,649
23 7 | 732 | 1.366 | 1.999 | 2.632 | 3.265 | 3.898 | 4,531 | 5.164 | 5.797 | 6.430
E a 8 | .811 | 1,521 | 2.231 | 2,941 | 3.652 | 4.362 | 5.072 | 5.782 | 6.493 | 7.203
Z.kL 9 | .888 | 1.676 | 2.464 | 3.252 | 4,039 | 4.828 | 5.615 | 6.404 | 7.191 | 7.980
10 966 | 1,832 | 2,697 | 3.563 | 4.428 | 5.294 | 6.160 | 7.025 | 7.891 | 8.756

Figure H-66. 1M 1440 Divide Times (with Special Feature)
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Scan Disk Feature

The scan-disk special feature provides an automatic
search of 1311 and/or 1301 (Models 11, 12, 21, 22) disk
data for a specific identifier or condition predeter-
mined by the program.

Instructions applying to the 1301 and 1311 cannot
be successfully chained.

Scan Disk

Instruction Format.

Mnemonic Op Code A-Address B-address d-character

SDL M %F7 BBB w
SDLW L ZFT BBB w
SDE M 7F8 BBB w
SDEW L 7F8 BBB N4
SDH M ZF9 BBB w
SDHW L ZF9 BBB w

Function. This instruction compares a specified search
argument in core storage (factor B) to the records
within a specified group of sectors in disk storage
(factor A).

The A-address units position controls the opera-
tion. A 7 in the units position specifies a scan opera-
tion that stops when the search argument in core
storage is either less than (B<A), or equal to
(B=A), a record in the specified section of disk
storage. An 8 specifies a scan operation that stops
when the search argument in core storage is equal
o (B=A) a record in the specified section of disk
storage. A 9 specifies a scan operation that stops
when the search argument in core storage is either
higher than (B>A), or equal to (B=A), a record in
the specified section of disk storage. (The operation
also stops when the end of the cylinder is reached,
or when the sector count reaches zero.)

The B-address of the instruction specifies the
high-order position of the disk-control field in core
storage that specifies the starting address in disk stor-
age. The record area associated with the disk con-
trol field contains the search argument. The search
argument must be placed in the same positions of
the core-storage record as it appears in the disk-
storage record. Skip codes ($) are used in those posi-
tions of the core-storage record that are not a part
of the search argument (Figure H-67). The search
argument can be variable in length, but must be no
longer than 99 characters. The last character (100th)
of the record cannot be included as part of the search
argument. The units positions of the search argu-
ment should be followed by a group mark with a
word mark to signal the end of the search argument.

Core Storage *0'1 510 20, $A457 98>

Starting-Address Control Field

Alternate Control or Module
Track

[Sector [ Skip Codes

J [ Head [ Search Argument
B-Address Meodule Sector Count

Figure H-67. Record in Core Storage for Scan Disk Operation

3.

Scanning begins at the disk record specified by
the B-address and ends:

. When the specified comparison is found. The sec-

tor-count field may, or may not, be all zeros at this
time. \

. When the operation reaches the end of a cylinder.

The sector-count field may, or may not, be all zeros
at this time.

When the sector-count field is reduced to all zeros.

Word Marks. A group mark with a word mark must

be set one position to the right of the last character
of the search argument.

Timing. T = 0999 + 2Ng + disk rotation. 400 ms is

the maximum time for scanning one 1311 cylinder
(200 sectors), 1,332 ms is the maximum time for
scanning one 1301 cylinder (800 sectors).

Notes.

1. The result of the scan is determined by testing the high,
low, or equal compare indicators with the BraNCH IF
INDICATOR ON instruction.

2. The scan operation can be performed only on disk records
written in sector format.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI B+6 B+11+Lr
Lr =length of factor B.

Example. Scan disk storage for an equal compare be-

ginning at sector-address 012510 and continue scan-
ning until the record with part number A24537 is
found. The disk-control field is located in the high-
order positions of the area of core storage labeled
SCANAR (0966-0974); Figure H-68.

Autocoder

OPERAND

Lobel [Qpereti 38 40 a3 2

!
DE, CANAR,

Assembled Instruction: M %F8 966 W

‘Figure H-68. Scan Disk Equal
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Seek Overlap Feature
(1311 Models 1 and 2)

The Seek Overlap Feature provides the flexibility to
allow a seek operation to be overlapped with one 1311
read or write operation, plus any number of other seek
operations on the other 1311 Drives.

Note: The Seek Overlap function is standard on all
1301 Model 11, 12, 21 or 22’s that are attached to the
1440.

On the systems which have 1301s and the 1311,
under certain conditions, the Seek Overlap function
may be obtained by proper programming, even when
the Seek Overlap Feature is not installed on the 1311s.
Thus, if the Seek instructions are issued for the 1301’s
before they are given for the 1311, then we effectively
have Seek Overlap.

Sense Switches

Sense switch A (last-card test) is standard on the 1440
system. Sense Switches B through G are available as
a special feature. These manually modify programs to
follow alternate routines, depending upon varying con-
ditions or requirements. See the Branch if Indicator On
section, and Figure B-15.

Track Record (1301)

The track record special feature provides for reading
or writing an entire disk track with or without the
track address. A single, 6-digit address is used, fol-
lowed by 2,543 characters in the move mode and 2,261
characters in the load mode. Track records can be
used for storing programs, tables, blocked records, and
other data requiring a single large storage block.

When this feature is installed on the system, it pro-
vides the track-record function to all the attached 1301
units. A

Instructions applying to the 1301 cannot be success-
fully chained.

Read Disk-Track Record

Instruction Format.

Mnemonic Op Code A-address B-address d-character
RDTR M %F2 BBB R
RDTRW (word

marks) L %F2 BBB R

Function. This instruction causes data to be read from
a disk track into core storage. The digit 2 in the
A-address (%,F2) specifies that a track-record opera-
tion is to be performed. Data is read from the disk
track (2,543 characters in move mode or 2,261 char-
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acters in load mode). The additional characters read
are accounted for by using the normal gap between
disk sectors and the sector-address positions. Read-
ing from the disk is stopped by a group mark with
a word mark in core storage.

Reading from the track begins following the ad-
dress specified by the core-sector address. This ad-
dress is located at the beginning of the track,
directly after the index pulse.

The core-sector address field in core storage is not
modified, but the sector-count field in core storage
is reduced by one as the track is read. The sector-
count field must be set at 001 before the operation
begins so that reducing it by one can signal an end-
of-operation (000 in sector-count field).

The B-address specifies the high-order position in
core storage of the disk-control field, and the area in
storage reserved for data read from the disk track.

The R in the d-character position signifies that this
is a read operation.

Word Marks. A group mark with a word mark must
be one position to the right of the last position re-
served in core storage for the track record. If a
group mark with a word mark is detected before
reading of the track is completed, the wrong-length
record and any-disk condition indicators turn on and
reading stops. The position of the group mark with
a word mark is determined by adding 2,554 to the
B-address.

Timing. T = 33.3999 ms + disk rotation.*

*35 ms is maximum time for disk rotation.
18.4 ms is average time for disk rotation.
1.7 ms is minimum time for disk rotation.

Notes. Track-record read operations can be performed only on a
track written with a track record operation.

Before reading starts, an automatic check is made of the
record address in storage with the record address on the
disk. If the addresses are not the same, the unequal-address
compare and any-disk condition indicators are turned on,
and the data in storage cannot be read from the disk.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI B+6 B+11+2543

or
B+11+2261

Example. Read disk track 012540 in core storage be-
ginning at location 0976 (area is labeled TmsEcl).
The high-order position of the disk-control field is
located in the ten positions preceding the label
(0966-0975); Figure H-69.



Autocoder

Lobel peration OPERAND
{1
.. . IRDTR [TRSEC1

Assembled Instruction: M %F2 966 R

Figure H-69. Read Disk-Track Record

Read Disk-Track Record with Address

Instruction Format.

Mnemonic Op Code A-address B-address d-character

RDTA M FF@ BBB R
RDTAW (word
marks) L 2F@ BBB R

Function. This instruction is similar to the READ DISK-
TRACK RECORD instruction except that the @ in the
A-address (9,F @) specifies that the address of the
track record in disk storage is also read into core
storage with the data on the disk track. Data is read
from the disk track (2,549 characters in move mode
or 2,267 characters in load mode). The additional
characters read are accounted for by using the nor-
mal gap between disk sectors and the sector-address
positions. Reading from the disk is stopped by a
group mark with a word mark in core storage.

When a disk-track record operation is initiated, an
automatic check is made of the record address in
storage with the record address on the disk. If the
addresses are equal, reading begins immediately fol-
lowing the index pulse on the disk track. (The index
pulse signals the system that the beginning of a
track is about to come under the access assembly.)
The track-record address in the high-order position
of the disk data field in core storage is written in
the first sector-address position after the index pulse.

The core-sector address field in core storage is not
modified, but the sector-count field in core storage
is reduced by one as the track is read. The sector-
count field must be set at 001 before the operation
begins, so that reducing it by one can signal an
end-of-operation (000 in sector-count field ).

The B-address specifies the high-order position in

core storage of the disk-control field, and the area

in storage reserved for the track-record address and
data read from the disk track.

The R in the d-character position signifies that
this is a read operation.

Word Marks. A group mark with a word mark must
be one position to the right of the last position re-
served in core storage for the disk track. If a group
mark with a word mark is detected before reading
of the track is completed, the wrong-length record

and any-disk condition indicators turn on and read-
ing stops. The position of the group mark with a
word mark is determined by adding 2560 to the
B-address.

Timing. T = 33.3999 ms + disk rotation.*

*35 ms is maximum time for disk rotation.
18.4 ms is average time for disk rotation.
1.7 ms is minimum time for disk rotation.

Notes. Track-record read operations can be performed only on
a track written with a track-record instruction.

Before reading starts, an automatic check is made of the
record address in storage with the record address on the disk.
If the addresses are not the same, the unequal-address com-
pare and any-disk condition indicators are turned on, and
the data in storage cannot be read from the disk.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI B+9 B+ 11 + 2549

or
B+ 11 + 2267

Example. Read the address and data from disk track
012540 into core storage beginning at location 0476
(area is labeled TrECAD). The high-order position of
the disk-control field is located in the ten positions
preceding the label (0466-0475); Figure H-70.

Avtocoder
OPERAND
Label rati 5 P 50
DTR [TRECA| . NIRRT

Assembled Instruction: M %F@ 466 R

Figure H-70. Read Disk-Track Record with Address

Write Disk-Track Record

Instruction Format.

Mnemonic Op Code A-address B-address d-character

WDTR M %F2 BBB \'%
WDTRW (word
marks) L %F2 BBB w

Function. This instruction causes data from core stor-
age to be written on a disk track. The digit 2 in the
A-address (9,F2) specifies that a track-record opera-
tion is to be performed. An entire disk track is writ-
ten from the data in core storage (2,543 characters
in move mode or 2,261 characters in load mode). The
additional characters are accounted for by writing
in what is normally the gap between disk sectors and
the sector address positions. Writing of the disk
track is stopped by sensing a group mark with a
word mark in core storage and the end of track.
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Writing begins at the track address specified by
the core-sector address field. This address is located
at the beginning of the track, directly after the in-
dex pulse.

The core-sector address field in storage is not
modified, but the sector-count field in core storage
is reduced by one as the track is written. Set the
sector-count field to 001 before the operation begins
so that reducing it by one can signal an end-of-
operation (000 in sector-count field).

The B-address specifies the high-order position in
core storage of the disk-control field, and the area
in storage where the data to be written on the disk
track is stored.

The W in the d-character position signifies that
this is a write operation.

Word Marks. A group mark with a word mark must
be one position to the right of the last character of
the data in core storage. The writing of data stops
when the end of track is reached on the disk and
a group mark with a word mark is sensed in core
storage. If the group mark with a word mark is
sensed before the end of track, the remainder of the
disk track is filled with valid blanks (C-bits), and
the wrong-length record and any-disk condition in-
dicators are turned on. The position of the group
mark with a word mark is determined by adding
2554 to the B-address.

Timing. T = 33.3999 ms + disk rotation.®

*35 ms is maximum for disk rotation.
18.4 ms is average time for disk rotation.
1.7 ms is minimum time for disk rotation.

Notes.

1. Before writing starts, an automatic check is made of the
core-sector address in storage with the record address on
the disk. If the addresses are not the same, the unequal-
address compare and any-disk condition indicators are
turned on, and the data in storage cannot be written on
the disk.

2. A WRITE DISK CHECK instruction must be performed fol-
lowing a write operation unless an error occurred during
the write operation. No other disk-storage operation can
be performed until the check of data written on the disk
is accomplished. :

3. If the data in core storage contains characters with word
marks and the write operation is performed in the move
mode, only the CBA 8421 portion of the character is writ-
ten on the disk (the word mark is ignored).

4. Disk tracks adjacent to, but not above or below, a disk
track written with the WRITE DISK-TRACK RECORD instruc-
tion must be either unused or set up as a track record.

Tracks five and seven are adjacent to track six; track six
(on disk surfaces 1 and 3) is “above or below” track six
on disk surface 2. If the adjacent tracks are written using
WRITE DISK SECTOR O WRITE DISK SECTOR WITH ADDRESSES
instructions, interference occurs to the track-record data
stored in what is normally the gap between sectors.
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Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI B+6 B+ 11+2543

or
B+11+2261

Example. Write a disk-track record from the data in
the core-storage area labeled Trsecl (the first posi-
tion of data is at 0976). The high-order position of
the disk-control field is located in the ten positions
preceding the label (0966-0975); Figure H-71.

Autocoder
Lobel perati OPERAND
! 30 38 ] L1 -]
ECL . N
Assembled Instruction: M %F2 966 W
Figure H-71. Write Disk-Track Record

Write Disk-Track Record with Address

Instruction Format.

Mnemonic Op Code A-address B-address d-character
WDTA M %F@ BBB w
WDTAW (word -

marks ) L %F@ BBB w

Function. This is similar to the WRITE DISK TRACK REC-
ORD instruction except that the @ in the A-address
(%F@ ) specifies that the address of the track
record in core storage is also written on the disk.

When a disk-track record operation is initiated,
an automatic check is made of the record address in
storage with the record address on the disk. If the
addresses are equal, writing begins immediately fol-
lowing the index pulse on the disk track. (The index
pulse signals the system that the beginning of a
track is about to come under the access assembly.)
The track-record address in the high-order position
of the disk data field is written in the first sector-
address position after the index pulse.

An entire disk track is written from the data in
core storage (2,549 characters in move mode or 2,267
characters in load mode). The additional characters
are accounted for by writing in what is normally
the gap between disk sectors and the sector-address
positions. Writing of the disk track is stopped by
sensing a group mark with a word mark in core
storage and the end of track.

The core-sector address field in storage is not
modified, but the sector-count field in core storage
is reduced by one as the track is written. The sector-
count field should be set to 001 before the operation



begins, so that reducing it by one can signal an
end-of-operation (000 in sector-count field).

The B-address specifies the high-order position in
core storage of the disk-control field. It also specifies
the area in storage where the address and data to be
written on the disk track are stored.

The W in the d-character position signifies that
this is a write operation.

Word Marks. A group mark with a word mark must
be one position to the right of the last character of
data in core storage. The writing of data stops when
the end of track is reached on the disk and a group
mark with a word mark is sensed in core storage. If
the group mark with a word mark is sensed before
the end-of-track, the remainder of the disk track is
filled with valid blanks (C-bits), and the wrong-length
record, and any-disk condition indicators are turned
on. Processing is interlocked until the end of the
sector. The position of the group mark with a word
mark is determined by adding 2560 to the B-address.

Timing. T = 33.3999 ms + disk rotation.*

*35 ms is maximum time for disk rotation.
18.4 ms is average time for disk rotation.
1.7 ms is minimum time for disk rotation.

Notes.

1. Before writing starts, an automatic check is made of the
core-sector address in storage with one of the sector ad-
dresses on the pack. If the address is not found, the un-
equal-address compare and any-disk condition indicators
are turned on, and the data in storage cannot be written
on the disk.

2. A WRITE DISK CHECK instruction must be performed fol-
lowing a write operation. No other disk-storage operation
can be performed until the check of data written on the
disk is accomplished.

3. If the data in core storage contains characters with word
marks and the write operation is performed in the move
mode, only the CBA 8421 portion of the character is writ-
ten on the disk (the word mark is ignored).

4, Disk tracks adjacent to, but not above or below, a disk
track written with the WRITE DISK TRACK RECORD or WRITE
DISK TRACK RECORD WITH ADDRESS instructions must be
either unused or set up as a track record, Tracks five and
seven are adjacent to track six; track six (on disk surfaces
1 and 3) is “above or below” track six on disk surface 2.
If the adjacent tracks are written using WRITE DISK SECTOR
Or WRITE DISK SECTOR with ADDRESSES instruction, inter-
ference occurs to the track-record data stored in what is
normally the gap between sectors.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI B+9 B +11+2549

or
B+ 11 + 2267

Example. Write a disk track record with its new ad-
dress from the data in the core-storage area labeled
TRECAD (the first position of the address is at 0476).
The high-order position of the disk-control field is
located in the ten positions preceding the label
(0466-0475); Figure H-72.

Avutocoder
Label ok perati OPERAND
i 25 30 33 49
A DTA ITRECAD. . e

Assembled Instruction: M %F@ 466 W

Figure H-72. Write Disk-Track Record with Address
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Track Record (1311)

The track record special feature provides for reading
or writing an entire disk track with or without the
track address. A single, 6-digit address is used, fol-
lowed by 2,980 characters in the move mode and 2,682
characters in the load mode. Track records can be
used for storing programs, tables, blocked records, and
other data requiring a single large storage block.

When this feature is installed on the system, it pro-
vides the track-record function to all the attached 1311
drives.

Instructions applying to the 1311 cannot be success-
fully chained.

Read Disk-Track Record

Instruction Format.

Mnemonic Op Code A-address B-address d-character
RDTR M %F2 BBB R
RDTRW (word

marks) L %F2 BBB R

Function. This instruction causes data to be read from
a disk track into core storage. The digit 2 in the
A-address (9,F2) specifies that a track-record opera-
tion is to be performed. Data is read from the disk
track (2,980 characters in move mode or 2,682 char-
acters in load mode). The additional characters read
are accounted for by using the normal gap between
disk sectors and the sector-address positions. Read-
ing from the disk is stopped by a group mark with a
word mark in core storage. Reading from the track
begins following the address specified by the core-
sector address. This address is located at the begin-
ning of the track, directly after the index pulse.

The core-sector address field in core storage is not
modified, but the sector-count field in core storage
is reduced by one as the track is read. The sector-
count field must be set at 001 before the operation
begins so that reducing it by one can signal an end
of operation (000 in sector-count field ).

The B-address specifies the high-order position in
core storage of the disk-control field, and the area in
storage reserved for data read from the disk track.

The R in the d-character position signifies that
this is a read operation.

Word Marks. A group mark with a word mark must
be one position to the right of the last position re-
served in core storage for the track record. If a
group mark with a word mark is detected before
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reading of the track is completed, the wrong-length
record and any-disk condition indicators turn on
and reading stops. The position of the group mark
with a word mark is determined by adding 2,991
(move mode) or 2,693 (load mode) to the B-address.

Timing. T = 40.0999 ms + disk rotation.*

*49 ms is maximum time for disk rotation.
22 ms is average time for disk rotation.
2 ms is minimum time for disk rotation.

Notes.

1. Track-record read operations can be performed only on
a track written with a track-record instruction.

2. Before reading starts, an automatic check is made of the
record address in storage with the record address on the disk.
If the addresses are not the same, the unequal-address com-
pare and any-disk condition indicators turn on, and the data
in storage cannot be read from the disk.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI B+6 B+ 11+ 2980

or
B+11+2682

Example. Read disk track 012540 in core storage be-
ginning at location 0976 (area is labeled Trsecl).
The high-order position of the disk-control field is
located in the ten positions preceding the label
(0966-0975); Figure H-73.

Avtocoder

OPERAND
3% 40 Yy 20

" "

Label o roti .
. 1...RDTR [TRSEC1

Assembled Instruction: M %F2 966 R

Figure H-73. Read Disk-Track Record

Read Disk-Track Record with Address

Instruction Format.

Mnemonic Op Code A-address B-address d-character
RDTA M %F@ BBB R
RDTAW (word

marks) L %F @ BBB R

Function. This instruction is similar to the READ Disk-
TRACK RECORD instruction except that the @ in the
A-address (9,F@ ) specifies that the address of the
track record in disk storage is also read into core
storage with the data on the disk track. Data is
read from the disk track (2,986 characters in move
mode or 2,688 characters in load mode). The addi-



tional characters read are accounted for by using
the normal gap between disk sectors and the sector-
address positions. Reading from the disk is stopped
by a group mark with a word mark in core storage.

When a disk-track record operation is initiated, an
automatic check is made of the record address in
storage with the record address on the disk. If the
addresses are equal, reading begins immediately fol-
lowing the index pulse on the disk track. ( The index
pulse signals the system that the beginning of a track
is about to come under the access assembly). The
track-record address in the high-order position of
the disk data field in core storage is written in the
first sector-address position after the index pulse.

The core-sector address field in core storage is not
modified, but the sector-count field in core storage
is reduced by one as the track is read. The sector-
count field must be set at 001 before the operation
begins so that reducing it by one can signal an end
of operation (000 in sector-count field).

The B-address specifies the high-order position in
core storage reserved for the track-record address
and data read from the disk track.

The R in the d-character position signifies that
this is a read operation.

Word Marks. A group mark with a word mark must
be one position to the right of the last position re-
served in core storage for the disk track. If a group-
mark with a word mark is detected before reading
of the track is completed, the wrong-length record
and any-disk condition indicators turn on and read-
ing stops. The position of the group-mark with a
word mark is determined by adding 2,997 (move
mode) or 2,699 (load mode) to the B-address.

Timing. T = 40.0999 ms + disk rotation.*

*42 ms is maximum time for disk rotation.
22 ms is average time for disk rotation.
2 ms is minimum time for disk rotation.

Notes.

1. Track-record read operations can be performed only on
a track written with a track-record instruction.

2. Before reading starts, an automatic check is made of the
record address in storage with the record address on the
disk. If the addresses are not the same, the unequal-address
compare and any-disk condition indicators turn on, and the
data in storage cannot be read from the disk.

Address Registers After Operation.

1-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI B+9 B +11+2986
or
B+ 11+ 2688

Example. Read the address and data from disk track
012540 into core storage beginning at location 0476
(area is labeled TRECAD). The high-order position
of the disk-control field is located in the ten posi-
tions preceding the label (0466-0475); Figure H-74.

Avutocoder

Label rati OPERAND
30 a8 49 L1 ] -
DTR [TRECAD . .

Assembled Instruction: M %F@ 466 R

Figure H-74. Read Disk-Track with Address

Write Disk-Track Record

Instruction Format.

Mnemonic Op Code A-address B-address d-character

WDTR M %F2 BBB %%
WDTRW (word
marks) L ZF2 BBB W

Function. This instruction causes data from core stor-
age to be written on a disk track. The digit 2 in
the A-address (9,F2) specifies that a track-record
operation is to be performed. An entire disk track is
written from the data in core storage (2,980 charac-
ters in move mode or 2,682 in load mode). The addi-
tional characters are accounted for by writing in
what is normally the gap between disk sectors and
the sector-address positions. Writing of the disk
track is stopped by sensing a group mark with a
word mark in core storage and the end of track.

Writing begins at the track address specified by
the core sector address field. This address is located
at the beginning of the track, directly after the
index pulse.

The core-sector address field in storage is not
modified, but the sector-count field in core storage
is reduced by one as the track is written. Set the
sector-count field to 001 before the operation be-
gins so that reducing it by one can signal an end
of operation (000 in sector-count field).

The B-address specifies the high-order position in
core storage of the disk control field, and the area in
storage where the data to be written on the disk
track is stored.

The W in the d-character position signifies that
this is a write operation.
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Word Marks. A group mark with a word mark must
be one position to the right of the last character of
the data in core storage. The writing of data stops
when the end of track is reached on the disk, and
a group mark with a word mark is sensed in core
storage. If the group mark with a word mark is
sensed before the end of track, the remainder of the
disk track is filled with C-bits (blanks), and the
wrong-length record and any-disk condition indi-
cators turn on. The position of the group mark with
a word mark is determined by adding 2,991 (move
mode) or 2,693 (load mode) to the B-address.

Timing. T = 40.0999 ms + disk rotation.*

*42 ms is maximum time for disk rotation.
22 ms is average time for disk rotation.
2 ms is minimum time for disk rotation.

Notes.

1. Before writing starts, an automatic check is made of the
core-sector address in storage with the record address on
the disk. If the addresses are not the same, the unequal-
address compare and any-disk condition indicators turn
on, and the data in storage cannot be written on the disk.

2. A WRITE DISK CHECK instruction must be performed fol-
lowing a write operation unless an error occurred during
the write operation. No other disk-storage operation can be
performed until the check of data written on the disk is
accomplished.

3. If the data in core storage contains characters with word
marks and the write operation is performed in the move
mode, only the CBA 8421 portion of the character is writ-
ten on the disk (the word mark is ignored).

4. Disk tracks adjacent to, but not above or below, a disk
track written with the WRITE DISK-TRACK RECORD instruc-
tion must be either unused or set up as a track record.

Tracks five and seven are adjacent to track six; track six
(on disk surfaces 1 and 3) is “above or below” track six
on disk surface 2.

If the adjacent tracks are written using WRITE DISK SEC-
TOR Or WRITE DISK SECTOR WITH ADDRESS instructions, in-
terference occurs to the track-record data stored in what
is normally the gap between sectors.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI B+6 B+ 11 +2980
or
B+11+2682

Example. Write a disk-track record from the data in
the core-storage area labeled Trsecl (the first posi-
tion of data is at 0976). The high-order position of
the disk-control field is located in the ten positions
preceding the label (0966-0975); Figure H-75.

Autocoder

Label perati OPERAND
4 38 20 45 -]

. TRMTRSECT
Assembled Instruction: M %F2 966 W

Figure H-75. Write Disk-Track Record
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Write Disk-Track Record with Address

Instruction Format.

Mnemonic Op Code A-address B-address d-character

WDTA M %F @ BBB W
WDTAW (word
marks) L F@ BBB w

Function. This instruction is similar to the WRITE pisk-
TRACK RECORD instruction except that the @ in the
A-address (9,F@) specifies that the address of
the track record in core storage is also written on
the disk.

When a disk-track record operation is initiated,
an automatic check is made of the record address
in storage with the record address on the disk. If
the addresses are equal, writing begins immediately
following the index pulse on the disk track. (The
index pulse signals the system that the beginning of
a track is about to come under the access assembly. )
The track-record address in the high-order position
of the disk data field in core storage is written in
the first sector-address position after the index pulse.

An entire disk track is written from the data in
core storage (2,986 characters in move mode or 2,688
in load mode). The additional characters are ac-
counted for by writing in what is normally the gap
between disk sectors and the sector-address posi-
tions. Writing of the disk track is stopped by sensing
a group mark with a word mark in core storage and
the end of track.

The core-sector address field in storage is not
modified, but the sector-count field in core storage
is reduced by one as the track is written. The sec-
tor-count field should be set to 001 before the opera-
tion begins, so that reducing it by one can signal
an end of operation (000 in the sector-count field).

The B-address specifies the high-order position in
core storage of the disk-control field. It also specifies
the area in storage where the address and data to
be written on the disk track are stored.

The W in the d-character position signifies that
this is a write operation.

Word Marks. A group mark with a word mark must
be one position to the right of the last character of
data in core storage. The writing of data stops when
the end of track is reached on the disk and a group
mark with a word mark is sensed in core storage. If
the group mark with a word mark is sensed before
the end of track, the remainder of the disk track is
erased. Because even a valid blank must have a
C-bit, a parity error condition results. The disk



error, wrong-length record, and any-disk condition
indicators are turned on. Processing is interlocked
until the end of the sector. The position of the
group mark with a word mark is determined by
adding 2,997 (move mode) or 2,699 (load mode) to
the B-address.

Timing. T = 40.0999 ms + disk rotation.*

#*49 ms is maximum for disk rotation.

22 ms is average time for disk rotation.
2 ms is minimum time for disk rotation.

Notes.

1.

Before writing starts, an automatic check is made of the
core-sector address in storage with sector address on the
pack. If the address is not found, the unequal-address
compare and any-disk condition indicators turn on, and
the data in storage cannot be written on the disk.

. A WRITE DISK CHECK instruction must be performed fol-

lowing a write operation. No other disk-storage operation
can be performed until the check of data written on the
disk is accomplished.

DISK-TRACK RECORD WITH ADDRESS instructions must be
either unused or set up as a track record. Tracks five and
seven are adjacent to track six; track six (on disk surfaces
1 and 3) is “above or below” track six on disk surface 2.
If the adjacent tracks are written using WRITE DISK SECTOR
Oor WRITE DISK SECTOR WITH ADDRESSES instructions, inter-
ference occurs to the track-record data stored in what is
normally the gap between sectors.

The write-address key on disk-storage-drive zero must
be on to perform this operation.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI B+9 B +11+ 2986
or
B+11+2688

Example. Write a disk-track record with its new
address from the data in the core storage area la-
beled TrECAD (the first position of the address is
at 0476). The high-order position of the disk-control
field is located in the ten positions preceding the
label (0466-0475); Figure H-76.

Autocoder

3. If the data in core storage contains characters with word
marks and the write operation is performed in the move
mode, only the CBA 8421 portion of the character is writ-
ten on the disk (the word mark is ignored).

4. Disk tracks adjacent to, but not above or below, a disk
track written with the WRITE DISK-TRACK RECORD OI WRITE

e Label perati " 3 OPERAND
[E(] \ 40 43 30
1 EDTR IERECAD

Assembled Instruction: M %F@ 466 W

Figure H-76. Write Disk-Track Record with Address

Baudot Generates Translate=]  Baudot Generates Translate~
Character Enters Storage os: Table Address Character Enters Storage as: Table Address

T 2 X02 z CB2 X42
5 (FIGS-T) c2 X03 "(FIGS-2) B21 X43
CR 4 X04 D CB4 X44
CR (FIGS) c41 X05 $(FIGS-D) B41 X45
0 C42 X06 B B42 X46
9 (FIGS-0) 421 X07 ?(FIGS-B) CB421 X47
SPACE 8 X10 S Cs8 X50
FIGS-SPACE c81 X11 Bell (FIGS-5) B8I1 X51
H Cc82 X12 Y B82 X52
#(FIGS-H) 821 X13 8(FIGS-Y) CB821 X53
N C84 X4 F B84 X54
,(FIGS-N) 841 X15 1(FIGS-F) CB841 X55
M 842 X16 X CB842 X56
(FIGS-M) C8421 X17 /(FIGS-X) 88421 X57
LF A X20 A CBA X60
FIGS-LF CA1l X21 -(FIGS-A) BA1 X61
L CA2 X22 w BA2 X62
)FIGS-L) A21 X23 2AFIGS-W) CBA21 X63
R CA4 X24 J BA4 Xé4
4 (FIGS-R) A4 X25 (FIGS-J) CBA41 X65
G A42 X26 FIGS Deleted From Input
&(FIGS-G) CA421 X27 by Adapter

| CA8 X30 8] BAS X70
8 (FIGS-I) A81 X31 7(FIGS-U) CBASI X71
P A82 X32 Q CBAS82 X72
0 (FIGS-P) CAB21 X33 1(FIGS-Q) BA8B21 X73
C A84 X34 K CBAS84 X74
:(FIGS-C) CA841 X35 ( (FIGS-K) BA841 X75
v CAB42 X36 LTRS Deleted From Input
H(FIGS-V) A8421 X37 by Adapter

E B X40 BLANK C X00
3(FIGS-E) CB1 X41 FIGS-BLANK 1 X01

(Note: X in table address represents any hundreds-position digit.)

Figure H-77. Baudot Code to Generate Translate-Table Address
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Translate

This special feature provides the data processing sys-
tem with the capability of fast, flexible translation of
codes to and from the code of the system.

The feature uses stored-program instructions to ini-
tiate the code translation and subsequent record move-
ment. One translate instruction translates a complete
record, moving left to right as it replaces each record
character with a character from a translate table in
core storage until a group mark with a word mark is
detected in the field being translated.

Each code translation requires a table in storage
beginning at an even-hundreds address for TRANSLATE-
WITH-WORD-MARKS and at any hundreds address for
TRANSLATE-WITHOUT-WORD-MARKS. The number of va-
rious code translations that can be handled at one
time in a system is limited only by the core storage
available for tables.

The 1.0AD RECORD instruction (included in the trans-
late feature) moves characters and word marks from
an A-field to a B-field, moving left to right up to and
including an A-field group mark with a word mark.
Original B-field word marks are cleared.

Instructions applying to the translate feature cannot
be successfully chained.
Translate with Word Marks

A-address  B-address d-character
AAA BOO >

Mnemonic Op Code
TRW T

The TRANSLATE WITH WORD MARKS instruction con-
sists of T (CA21WM) for the operation code, a
3-character A-address representing the initial address
of the record to be translated, a 3-character B-address
representing the initial address of the translate table,
and a d-character with a bit configuration of 8-4-2.

The record to be translated must end with a group
mark with a word mark. The initial address of the
translate table is restricted to any available even-
hundreds address such as 200, 400, 600, 800, or 1000.
Two table sizes can be accommodated: a 78-character
table provides as many as 64 usable positions, and a
156-character table provides as many as 128 usable
positions. (Figures H-77 and H-78 show that the digits
8 and 9 are not used in the units or hundreds position
of any generated address of the translate table.) The
156-character table consists of the 78-character table,
beginning at an even-hundreds address (for example
200-277), combined with another 78-character table,
beginning at the next sequential hundreds address
(300-377).
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Generates Translate- Generates Translate-
BCD Character| 7o) |e Address BCD Characteriy ple Address
BLANK X00 - X40
1 X01 J X41
2 X02 K X42
3 X03 L X43
4 X04 M X44
5 X05 N X45
6 X06 (o] X46
7 X07 P X47
8 X10 Q X50
9 X1 R X51
0 X12 ! X52
# X13 $ X53
@ X14 * X54
: X15 ) X55
> X16 H X56
' X117 A X57
¢ X20 & Xé0
/ X21 A Xé1
S X22 B X62
T X23 C X63
u X24 D Xé4
\Y X25 E X65
w X26 F X66
X X27 G X67
Y X30 H X70
z X31 ! X71
# X32 ? X72
, X33 . X73
% X34 o X74
= X35 ( X75
' X36 < X76
" X37 E X77

Note: Word marks with the BCD characters will generate the same
sequence of addresses at (X+1)00, (X+1)01, etc.

Figure H-78. BCD Character to Generate Translate-Table
Address

Characters and word marks from the translate table
(initial address specified by B-address) replace the
characters and word marks in the record being trans-
lated, beginning at the address specified by the A-
address of the translate instruction.

The TRANSLATE WITH WORD MARKS instruction inter-
prets word marks in the A-address field as paTa or
surrT bits, and the word marks actually take part in
the translate function.

The translate instructions are interruptible.

The B-field address (initial translate-table address)
cannot be indexed. The B-address register contains
blanks in the units and tens position at the completion
of a translate operation. Therefore, the use of a STORE
B-ADDRESS REGISTER instruction immediately following a
translate operation causes the system to interlock.

Translate without Word Marks

A-address B-address
AAA BOO

Mnemonic Op Code
TR T



The TRANSLATE WITHOUT WORD MARKS instruction
format is the asme as the TRANSLATE WITH WORD MARKS
instruction, but without a d-character. It functions the
same, with these exceptions:

1. One table size can be accommodated: the 78-
character table, which provides as many as 64
usable positions.

2. A-field word marks do not take part in the actual
translation, and are not altered by the translation.

General Description of Translate

The program assigns locations and contents in the
translate table depending on the desired translation.
Each position of the translate table contains the BCD
character to which a particular character is to be trans-
lated. For each character to be translated, the translate
feature automatically selects the appropriate position
of the translate table. The contents of that position
replaces the character in the A-field. The contents of
the translate table are undisturbed.

The translate-table characters must contain odd par-
ity. The input/output device, channel or adapter (for
example, the 1BM 1448 Transmission Control Unit)
performs any necessary parity conversion for input and
output. The tables also must contain required sHIFT
bits for shifted codes. The adapter detects sHIFT-bit
transitions, generates the required surrt character, and
removes the sHIFT bit.

Figure H-77 is an example of how a code (Baudot
telegraph code in this case) enters the system and the
addresses that are generated (assuming Baudot 1-2-3
4-5 bits respectively are equal to BCD bits B-A-8-4-2
with the 1-bit designating figures shift.

Figure H-78 shows the BCD character and the table ,

address generated.

Translation of each character is accomplished in a
3-cycle sequence (first A-cycle, B-cycle, and second
A-cycle). Refer to Figure H-79 while reading the se-
quence described here. Here again Baudot code is
used as an example.

Although the examples show the function of the
translate with incoming data, it functions the same
way for outgoing data using another translate table.

First A-Cycle

The first A-cycle generates the appropriate translate-
table address specified by the character to be trans-
lated.

The translate instruction acts upon all the charac-
ters of the A-field. Figure H-79 shows how the instruc-
tion T 900 600 (as an example) translates one charac-
ter. In this case the first character of the A-field is used
as the example. The contents of position 900 has a bit
configuration of 2-4-A (Baudot-code G).

The first A-cycle moves this first character in the
A-field to the B-register. From the B-register, the op-
eration moves the 1-2-4 bits of this character (with
proper parity) to the units position of the storage-
address register together with the A-B bits from the
units position of the B-address register. A-B bits in the
units position of the generated address designate core-
storage blocks over 3999. In Figure H-79 the 2-4 bits
produce a 6 in the units position of the storage-address
register. If the 1-2-4 bits are all blanks (no-bits), the
operation generates an 8-2-C bit configuration (zero)
into the units position of the storage-address register.

The first A-cycle also moves the 8-A-B bits (inter-
preted as 1-2-4 bits) of the same character (with proper
parity) to the tens position of the storage-address
register. In Figure H-79 the A-bit, which becomes a
2-bit, produces a 2 in the tens position of the storage-
address register. Again, if the 8-A-B bits are all blanks,
the operation generates an 8-2-C bit configuration
(zero) into the tens position of the storage-address
register.

If the instruction is a TRANSLATE WITH WORD MARKS,
a word-mark bit in the B-register is interpreted as a
1-bit and is combined with the bits already selected
for transfer to the hundreds position of the storage-
address register. This adds 1 to the hundreds position
of the storage-address register and thus generates an
address from the second half of a 156-character table.
If the table’s base address was 600 (as in Figure H-79)
the generated address would be 726. Because in the
example the B-register has no word mark, the gener-
ated address is 626.

A TRANSLATE WITHOUT WORD MARKS instruction
blocks a word mark in the B-register so it takes no part
in the generation of the address.

B-Cycle

The B-cycle of the operation reads a character or
character with word marks out of a specified translate-
table address in storage into the A-register. It uses
the address generated in the first A-cycle. The trans-
late table is unaltered.

Second A-Cycle

The second A-cycle of the operation again reads out
the character being translated and replaces it in core
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900 901 902 903 B-REG.
2 1 2 1 $ 1 |0 1. Transfer to units position of storage address register as 1-2-4,
4 4 4 A 2 N 2. Generate parity.
A WM WM ) WM 4 3. If all zeros, generate 8-2-C to storage address register
| Y - units position.
\ &-f:::j to be translated) 8 |0 1. Transfer to tens position of storage address register as 1-2-4,
\ € “ A 1 2. Generate parity.
" B |0 3. If all zeros, generate 8-2-C to main address register units
\ — position.
C |0] If the instruction is translate-with-word-marks, WM is trans=-
WM 0 } ferred as a I-bit combined with even bits of B-address register | —
to storage address register.

nnn Storage Address Register at beginning of cycle.

6126

1t

Storage Address Register at end of cycle.

A-~Address Register
(Remains the same before
and at the end of first
A-cycle)

[eoiari Biork]

B-Address Register
(Initial Table Address)

(Translate Instruction) T 900 600 >

Figure H-79. First A-Cycle of Translate Sequence

storage with the contents of the A-register, which con-
tains the character read out of the translate table on
the B-cycle. The original A-field character is destroyed.

A TRANSLATE WITH WORD MARKS instruction destroys
original A-field word marks but moves word marks
from the translate table to the A-field. A TRANSLATE
WITHOUT WORD MARKS instruction regenerates original
A-field word marks into the A-field and moves trans-
late-table word marks to the A-field.

Figures H-80 and H-81 show how the translate in-
struction affects processor-storage areas. No particular

codes are specified.
Timing.

The formula for the translate-operation execution time
(T) for the 1440 is:

T = 0111 (L; + 2 + 3N) ms.

N =The number of characters in A-field to be translated.
Li=7 for TRANSLATE WITHOUT WORD MARKS.
8 for TRANSLATE WITH WORD MARKS.

Example: N = 100-character record
T=18ms

H-50

900 901 902 903 904 905 906 907 908 909 910

1 ofjrf|ofrjojojojifot}ur|
2 oOJo|1|1]1[1|[0]O]O]O|1
4 1|y rfojvrjofrf(ofiioln
8 ojv|ofofr|i1]|]O|Of1}0O|
A ojv|ofofr|r|ojof1jo]
B OJ1|0jO|1[1(0]|O]1}O(
C ojirji1jojoJofrjofof1]o
WMo i1 jJoj1jojrfrjojoi|n

Original A-field (record to be translated)

600 601 602 603 604 605 606 607 608 674 675 676 677 | Translate

Tables
lllllllll>Q$|l|J600_677
700 701 702 703 704 705 771 772 773 774 775 776 777 | 700-777
N N N A Y £ 0 I O Y N O

(Coded characters are assigned by the program)

Represents an unused table address (X08, X09, X18, X19, etc.)
900 901 902 903 904 905 90

© © ©
6 7
0 7
4 2

[
0
)

o

907 908 909 910
©
6
0 £
1

WM

m\n\l@
wou@
o~\|o~@
AO\I@
uuo«@
—-O\l@

Resultant A-field. © 604 means the contents of 604 (character and
word mark) .

I 900 600 >

Figure H-80. Translate with Word Marks




900 901 902 903 904 905 906 907 908 909 910

SO®P>O AN~
OO e ot ot it i O
cocoococooo—~
cCO0O—-—~——0O0

— — — — — — O —

O —n e O = O

—_—_ 000 —~0O0

—_—-— 000 00—

— O ot ot ot — —

O OO0 —~—~0O
— O OO0 O —~ —~

OO0 O0O0OO0O—~0O0

M

Original A-field (record to be translated) (Note: Same bit
configurations as example translate with word marks.)

600 601 602 603 604 605 606 607 608 672 673 674 675 676 677
CITI T 1T T T T 17 DT T T T 1 ]

Translate table 600-677 (coded characters are assigned by the program)

Represents an unused table address (X08, X09, X18, X19, X28,
N X29, etc.)

900 901 902 903 904 905 906 9

© ©|©
6|6
7|7
6

o

7 908 909 910

©|©
616
7|0
4|

[
7

5 2 ¥

WM WM WM[WM WMIWM

&om@
o~oo~@
woa@
aoo@
_oo@

Resultant A-field., (C) 604 means the contents of 604 (character and
word mark) .

T 900 600

Figure H-81. Translate without Word Marks

Load Record

The translate feature includes a special move instruc-
tion that moves characters and associated word marks
in a record from one storage area to another.

Mnemonic Op Code
MRCWG P

A-address  B-address d-character
AAA BBB >

The LoAD RECORD instruction consists of P (B421
WM) for the operation code, a 3-character A-address
representing the address of the record to be moved,
a 3-character B-address representing the address of the
field to which the record is moved, and a d-character
with a bit configuration of §-4-2.

The operation moves characters and word marks in
the A-field to the B-field, moving from low-numbered
to high-numbered storage position up to and including
an A-field group mark with a word mark, which stops
the operation. Original B-field word marks are cleared.

IBM 1009 Data Transmission Unit
Special Features

IBM 1009 Data Transmission Control Unit
Buffer Feature

Substantially improved 1009 operation is provided by
this buffer feature. Refer to IBM 1009 Data Transmis-
sion Unit, Form A24-1039, and to the IBM 1009 Data
Transmission Unit section of this publication. While
the buffer is being loaded with data from the transmis-
sion line, or unloading data to the transmission line,
the processor is freed for other operations.

The buffer feature provides a 400-character core-
storage buffer that is divided into four 100-character
blocks. Blocks of 100 characters are transferred be-
tween buffer storage and the processor by a single
MOVE or LOAD instruction. After a block of 100 charac-
ters has been moved into the core-storage I/O area,
the processor (receive mode) interrogates indicators to
determine whether more data is stored and available
for transfer to the processor.

After a block of 100 characters has been moved into
the 1009 buffer from the processor core storage (trans-
mit mode), the program routine can interrogate the
buffer to determine whether it can accommodate an-
other block of 100 characters. If additional data is
available in the 1009 buffer (receive mode), or addi-
tional space is available in the 1009 buffer (transmit
mode), the program routine can initiate another Move
or LOAD instruction. The B-address of the LoAD or MOVE
instruction should be increased by 100 before the in-
struction is executed. This procedure is followed until
a group mark with word mark (end-of-message) is
detected in the processor core storage (transmit mode)
or an end-of-message is detected in 1009 buffer storage
(receive mode).

The processor program must determine the validity
of the data received by testing the appropriate indi-
cator. The data is processed if it is valid. If the data
is invalid, it is automatically retransmitted a maximum
of two more times. A counter in the 1009 buffer keeps
track of the number of transmissions made during an
error routine; however, the retransmission of data is
under program control. If the data is still invalid after
three transmissions, the transmission of data ceases,
and an alarm sounds indicating operator intervention
is required.
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The buffer feature also provides the 1009 with the
ability to answer automatically and establish a tele-
phone connection for transmission of data and discon-
nect at the end of transmission without operator inter-
vention. The direction of the transmission can auto-
matically controlled through appropriate programming.

Console Panel, IBM 1009 Buffer Feature

The console panel remains the same except for the
transmit/receive switch. This switch now has three
positions: transmit, receive, and automatic. The switch
must be set to automatic if the auto-answer, auto-
disconnect, and/or automatic control of transmission
direction features are used.

IBM 1009 Automatic Mode Operation

Procedure for making retransmission connection:

1. The operator places the call after loading the pro-
gram in the processor and placing the 1009 in a
ready status (power on, binary-BCD mode switch
set to desired mode, test-normal switch set to
NORMAL, and transmit-receive-automatic switch set
to AUTOMATIC).

2. After placing the 1009 in a ready status and com-
pleting the line connection, press the data key on
the data set, and cradle the handset.

3. Press the auto key on the data set if future calls are
to be answered automatically.

4. Press the start key on the processor.

5. The K E instruction in the program routine sets the
transmission direction to transmit.

6. The U 9,D1 E instruction initializes the transmis-
sion of the message.

Procedure for making the receiving connection:

1. Load the program in the processor and place the
1009 in a ready status (power on, binary-BCD mode
switch set to desired mode, test-normal switch set
to NOrMAL, and transmit-receive-automatic switch
set t0 AUTOMATIC).

2. Press the auto key on the data set.
3. Press the start key on the processor console.

4. The K D instruction in the program routine sets the
direction of transmission to receive. The 1009 auto-
matically answers a call and receives an initial in-
quiry signal from the sender. The 1009 acknowl-
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edges this inquiry under control of the U %,D1 D
processor instruction. After the inquiry signal is
acknowledged, the first message is received in 1009
buffer storage.

Ending the Operation

The BM 1009, under program control, automatically
performs all necessary disconnect functions. When
an end-of-file signal is received. the receiving station
can, under program control, either reverse direction
and proceed in a transmit mode, reestablish the receive
mode, or ignore the end-of-file signal. Ignoring the
end-of-file signal automatically disconnects the trans-
mission line after about 30 seconds.

The receive station can also send an end-of-file signal
to the transmitting station manually or under program
control. The transmitting station acknowledges this
signal by sending an end-of-file signal to the receive
station, which terminates the transmission on both
ends.

IBM 1009 Data Transmission Unit Line Speed
Speed Select

CPS Switch Setting MS/CHAR
75 600 13.3
93.75 750 10.65

125 1000 8.0

150 1200 6.67

187.5 1500 5.7

250 2000 4.0

300 2400 3.33

375 3000 2.66

500 4000 2.0

0-600 EXT.* LINE

*Speed depends upon type of data set used

Maximum Processor Time Required for
Data Movement

Blocks of 100 characters (with or without word marks)
are transferred by each Move or LoaD instruction.

Timing
(without
indexing). T=  .0999 ms (Instruction time)
+ .0111 (First character)
+ L (Line-character speed in ms/
character).
-+ 1.0989 (Subsequent 99 characters of

the block. Each character re-
quires .0111 ms. When fewer
characters are transferred, re-
duce this factor accordingly).

1.2099 ms (plus line speed) for each 100-

character block.



Timing
(with

indexing). T= .0999 ms  (Instruction time)
+ .0111 (First character)
+ .0333 (Indexing cycle time)
+ L (Line-character speed in ms/
character).
+1.0989 (Subsequent 99 characters of

the block. Each character re-
quires .0111 ms. When fewer
characters are transferred, re-
duce this factor accordingly).

1.2432 ms (plus line speed) for each 100-
character block.

Additional and Modified Instructions for
1009 Buffer Feature

Several processor instructions are expanded to provide
program control for the M 1009 Data Transmission
Unit with buffer feature.

Instructions applying to the 1009 cannot be success-
fully chained.

Initialize a Message Transmission (XMIT)

Instruction Format.

Mnemonic Op Code A-address d-character
cu U %D1 E

Function. This instruction initiates a start-of-message
signal if the 1009 is in a send-run condition (trans-
mit/receive switch is set to Transmir). If the 1009
is in a receive-run condition (transmit/receive
switch set to ReCEIVE) the instruction causes the
processor to interlock and an alarm to sound, signal-
ing that operation intervention is necessary. This
instruction is also used when the transmit, receive,
and automatic switch is set to the automatic position
(buffer feature installed) and a K E (set direction
to TRANSMIT) instruction has been issued.

The A-address specifies the 1009, and the d-char-
acter specifies the start-transmission operation.

Word Marks. Word marks are not affected.
Timing. T = .0666 ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI %41 Ebb

Initialize a Reply from Receiver (RCV)

Instruction Format.

Mnemonic Op Code A-address d-character
CU U %D1 D

Function. The receiving 1009 signals the transmitting
station that it is ready to receive and indicates the
status of the previous message (see BRANCH IF INDI-
CATOR ON instruction).

Word Marks. Word marks are not affected.

Timing. T = .0666 ms.

Note: The transmit/receive switch on the receiving 1009 should
be set to REcEIvE. If it is set to TRaNsMmrT, the processor is
interlocked and an alarm is sounded to signal the operator.
This instruction is also used when the transmit, receive, and
automatic switch is set to the automatic position (buffer fea-
ture installed) and a KD instruction has been issued.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI %41 Dbb

Move Character to the Transmitting 1009

Instruction Format.

Mnemonic Op Code  A-address
MU M D1

B-address d-character
BBB w

Function. The transmitting processor sends 100 char-
acters to the 1009 buffer, starting with the position
in core storage specified by the B-address. The d-
character, W, specifies a transmit operation.

Word Marks. Word marks are not affected.

Timing. T =1.210 + 1L ms (without indexing)
T =1243 + 1L ms (with indexing)

Note. If a group mark with word mark is sensed in processor
core storage, an end-of-message transmit condition is recog-
nized. See Maximum Processor Time Required for Movement
of Data section.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %41

B-Add. Reg.
B+100 or GM+1
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Move Character from the Receiving 1009

Instruction Format.

Mnemonic Op Code A-address B-address d-character
MU M %D1 BBB R

Function. This instruction transfers 100 characters in
the receiving 1009 buffer to the receiving processor
core-storage location starting with the position speci-
fied by the B-address. The d-character specifies a
receive operation.

Word Marks. Word marks are not affected.

Timing. T =1210+ 1L ms (without indexing)
T =1.243 + 1L ms (with indexing)

Note. When the 1009 recognizes the end-of-message condition,
the receiving processor gets an end-of-message receive signal
and inserts a group mark in the core-storage location imme-
diately beyond the location containing the last character of
the message. See Maximum Process Time Required for Move-
ment of Data.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %41

B-Add. Reg.
B+100 or GM+1

Load Character to the Transmitting 1009

Instruction Format.

Mnemonic Op Code A-address B-address d-character
LU L %D1 BBB w

Function. The transmitting processor sends 100 char-
acters, starting with the location specified by the B-
address, to the transmitting 1009 buffer. The d-char-
acter, W, specifies a transmit operation.

Word Marks. If a word mark is associated with a char-
acter, it is placed with the character in 1009 buffer
storage during one transfer cycle. When the charac-
ter is placed on the transmission line, the word mark
is converted to a word separator. Placing the charac-
ter and word separator on the transmission line takes
two transmission cycles.

Timing. T =1.210 + 1L ms (without indexing)
T =1.243 + 1L ms (with indexing)
Note. A group mark with word mark in processor core storage

signals an end-of-message transmit condition. See Maximum
Process Time Required for Movement of Data.
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Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %41

B-Add. Reg.
B +100 or GM +1

Load Character from the Receiving 1009

Instruction Format.

Mnemonic Op Code  A-address B-address d-character
LU L %D1 BBB R

Function. This instruction transfers 100 characters in
the receiving 1009 buffer to receiving processor core
storage starting with the location specified by the
B-address. The d-character, R, signals a receive
operation.

Word Marks. If a word mark is associated with a char-
acter, it is received as a word separator followed
by its associated data character, but converted to a
word mark and placed with its associated character
in the receiving 1009 buffer storage. This operation
takes two transmission cycles. The character and
associated word mark are then transferred to proc-
essor core storage during one transfer cycle.

Timing. T =1.210 4+ 1L ms (without indexing)
T = 1243 + 1L ms (with indexing)

Note. When the 1009 recognizes an end-of-message condition,
the receiving processor interprets an end-of-message receive
signal and inserts a group mark in the core-storage location
immediately beyond the location containing the last character
of the message. See Maximum Process Time Required for
Movement of Data.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %41

B-Add. Reg.
B+100 or GM +1

Branch if Indicator On

Instruction Format.

Mnemonic Op Code I-address d-character
BIN B 111 d

Function. This instruction tests the indicator specified
by the d-character. If the indicator is on, the pro-
gram branches to the I-address for the next instruc-
tion. If it is off, the program continues with the next
sequental instruction.



d-character Indicator Station

1 1009 Ready RCV or XMIT
2 Buffer Service RCV or XMIT
3 Reply Good XMIT

4 Reply Bad XMIT

5 Receive Error RCV

6 Attention 1009 RCV or XMIT
7 Receive EOM RCV

or Initial Inquiry
8 Receive EOF RCV or XMIT
Indicators

BIII1. This indicator turns on when the 1009 is in.a
run condition. If the 1009 is not in a run condition,
the program should stop, or loop until the run condi-
tion is established.

BIII2. This indicator, when on, indicates to the
processor that the 1009 is in a buffer-available con-
dition when in either the transmit or receive mode.
This indicator turns on the first time when 100 char-
acters have been placed in the receive 1009 buffer
or when a U9%D1E instruction has been issued
when in a transmit mode.

BIII3. This indicator turns on if the signal sent to
the transmitting station by the U %,D1 D instruction
specified that a good transmission occurred. The
transmitting processor should test this indicator and
branch to the routine for the next message if it is
on. If the indicator is not on, the program should
advance to test the transmission-error indicator.

BIII4. The reply-bad indicator turns on if the signal
sent to the transmitting station by the U %,D1 D in-
struction specified that a transmission error occurred.
The transmitting processor should test this indicator
and branch to an error subroutine if an error oc-
curred.

BIII5. This indicator, when on, indicates to the proe-
essor that the condition for acknowledgment that
has been set in the 1009 is error-reply. This indicator
turns on when the first error character is detected in
a message and remains on until the next U %,D1 D
instruction is issued.

BIII6. This indicator turns on when any one of the
following indicators turns on: Branch 2, Branch 3,
Branch 4, Branch 7, and Branch 8. When the Branch
6 indicator is on, the 1009 requires program atten-
tion.

BIII7. This indicator, when on, indicates to the
processor that the conditions for an acknowledgment
have been set (reply-good or reply-bad) in the 1009.
This indicator turns on when the processor receives
an end-of-message signal from the 1009 and remains

on until the next U9%,D1D instruction is issued.
This also comes on in response to the initial two-
character inquiry sequence (transmit leader/inquiry)
sent by the transmitting 1009 prior to the start of
transmission.

BIII8. This indicator, when on, indicates to the proc-
essor that the 1009 has received an EOF (end-of-
file) signal from the remote terminal.

Word Marks. Word marks are not affected.

Timing.

No branch, or branch without indexing: T = .0666 ms.
Branch with indexing: T = .0777 ms.

Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.

No Branch: NSI BI dbb
Branch

(without indexing) NSI BI blank
Branch

(with indexing): NSI BI NSI

Suppress 3-Second Alarm

Instruction Format.

Mnemonic Op Code I-address d-character
ss K A
SSB K 111 A

Function. This instruction prevents the 3-second alarm
from sounding during a delay (such as tape rewind).
Normal alarm functions will be restored when any
subsequent instruction addresses the 1009. This in-
struction can be given when a delay in processing
can be foreseen.

Word Marks. Word marks are not affected.

Timing.

Suppress 3-Second Alarm: T = .0333 ms.

Suppress 3-Second Alarm and Branch (without index-
ing: T = .0666 ms.

Suppress 3-Second Alarm and Branch (with indexing):
T = .0777 ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.

Suppress 3-Second

Alarm NSI Abb Abb
Suppress 3-Second

Alarm and Branch .

(without indexing): NSI BI
Suppress 3-Second

Alarm and Branch

(with indexing): NSI BI NSI
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Set Direction to Receive

Instruction Format.

Mnemonic Op Code I-address d-character

SS K D

SSB K I D
Function. This instruction is incorporated in the proc-
essor receive program routine to set the line direc-
tion to RecewvE. This instruction is effective only if
the transmit, receive, and automatic switch is set to

AUTOMATIC.

Word Marks. Word marks are not affected.

Timing.
Set Direction to Receive: T = .0333 ms.
Set Direction to Receive
and Branch (without indexing): T = .0666 ms.
Set Direction to Receive
and Branch (with indexing): T = .077 ms.

Address Registers After Operation.

I-Add. Reg. A-Add.Reg. B-Add.Reg.

Set Direction to

Receive: NSI
Set Direction to

Receive and Branch

(without indexing): NSI BI
Set Direction to

Receive and Branch

(with indexing): NSI BI NSI

Dbb Dbb

blank

Set Direction to Transmit

Instruction Format.

Mnemonic Op Code I-address d-character
ss K E
SSB K I E

Function. This instruction is incorporated in the proc-
essor transmit program routine to set the line direc-
tion to TRansmiIT. This instruction is effective only
if the transmit, receive, and automatic switch is set
to AUTOMATIC.

Word Marks. Word marks are not affected.

Timing.
Set Direction to Transmit: T = .0333 ms.
Set Direction to Transmit
and Branch (without indexing): T = .0666 ms.
Set Direction to Transmit
and Branch (with indexing): T = .0777 ms.

H-56

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
Set Direction to
Transmit: NSI Ebb Ebb
Set Direction to
Transmit and Branch
(without indexing):  NSI BI blank
Set Direction to
Transmit and Branch
(with indexing): NSI BI NSI
Send End-of-File (EOF)
Instruction Format.
Mnemonic Op Code I-address d-character
SS X F
SSB X III F

Function. This instruction is incorporated in the proc-
essor transmit or receive program routine to initiate
an EOF (end-of-file) code signal to the remote 1009.

Word Marks. Word marks are not affected.

Timing.
Send End-of-File: T = .0333 ms.
Send End-of-File
and Branch (without indexing): T = .0666 ms.
Send End-of-File
and Branch (with indexing) ): T = .0777 ms.

Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.

Send End-of-File NSI Fbb Fbb
Send End-of-File

and Branch

(without indexing):  NSI BI blank

Send End-of-File
and Branch
(with indexing): NSI BI NSI

Operate in Load Mode

Instruction Format.

Mnemonic Op Code I-address d-character
ss K L
SSB K I L



Function. This instruction is placed ahead of the
U %,D1D instruction in the processor receive pro-
gram routine if the receiving 1009 is operating in the
load mode. This instruction causes all word separ-
ators to be converted to word marks as they are re-
ceived at the receiving 1009 and before they are
placed in the receiving 1009 buffer. The receive sta-
tion operates in a load mode until an end-of-message
signal is received.

Timing.
Operate in Load Mode: T = .0333 ms.
Operate in Load Mode
and Branch (without indexing): T = .0666 ms.
Operate in Load Mode
and Branch (with indexing): T = .0777 ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
Operate in Load
Mode: NSI Lbb Lbb

Operate in Load
Mode and Branch

(without indexing): NSI BI blank
Operate in Load

Mode and Branch

(with indexing): NSI BI NSI

IBM 1012 Tape Punch Special Features

IBM 1012 Tape Punch, Read Feature

The addition of the read special feature to the mm
1012 allows the 1012 to operate as a reader (input to
a using system) or as a punch (output from a using
system). The mode of operation is controlled by a
read/punch switch that is installed in the blank posi-
tion next to the rewind switch.

When the read /punch switch is set to reap, the 1012
Tape Punch is modified as follows:

¢ All punching is inhibited.

¢ The reel sense arm’s function is inhibited. The trail-
ing end of the tape is allowed to feed from the
supply reel without causing the machine to stop.

¢ The supply arm’s lower-limit switch is bypassed.
This allows the trailing end of the tape to pass the
read station without causing the machine to stop.

® The feed switch, when pressed, causes the tape to
advance without being punched with feed codes.

Program Instructions

The existing 1012 I/O instructions are used for read
tape feature operations. (See IBM 1012 Tape Punch
section of this publication.) For example, with the
read/punch switch set to READ, a PUNCH BLANK instruc-
tion followed by a READ instruction causes the informa-
tion at the read station to be transmitted to the proc-
essor and the tape to be moved one character position.
A runcH BLANK instruction followed by a READ in-
struction is required to read each character.

The same considerations for starting and stopping
the tape for punching, apply for reading as well. The
read operation, or timing purposes, is the same as
punching with REap BACK CHEcK. See IBM 1012 Tape
Punch, Form A26-5776-0.
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IBM 1403 Special Features

The 1BM 1403 Printer special features add to the flexi-
bility of the output applications for particular jobs,
and also reduce the time required. Only those 1403
special features which require programmed instruc-
tions are listed here. Refer to IBM 1403 Printer, Form
A24-3073.

Selective Tape Listing Feature

The selective tape listing feature can be attached to
either of the Models 2 and 3 of the 1BM 1403 Printer
so that output results of data processed on a system
can be printed on adding-machine style paper tapes
(Figure H-82).

Operation

An mM 1403 Printer with the selective tape listing
feature installed continues to operate at regular 1403
speeds. Each tape is individually linespaced, one line
at a time (no skipping or ejecting is possible). Tape is
spaced by using modified 1403 coNTROL cARRIAGE Op
code (F), when used with a d-character of A through
H, which signals a single linespace for the correspond-
ing tape. (The space operation takes place after the
next print operation.) The modifier characters and the
tapes they control are:

A — Tape 1 E — Tape 5
B — Tape 2 F — Tape 6
C — Tape 3 G — Tape 7
D — Tape 4 H — Tape 8

When a double-width tape is used, two tape line-
space instructions are given, using the d-characters
corresponding to the positions occupied by the double-
width tape. If additional linespacing is wanted, a tape

Figure H-82. Selective Tape Listing Feature Mechanism
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linespace instruction (CONTROL CARRIAGE Op code and
the specific d-character and a pRINT instruction) are
given. The print operation is a dummy print operation,
and the print area in core storage should be clear so
that nothing is printed. The linespace operation occurs
after the print operation.

To equalize the ribbon wear, the customer can vary
the location of the master tape. This can be done by
using the same width tape in another location and
altering the program (changing the d-character to the
character that corresponds to the new location).

An end-of-tape condition, sensed at the tape-spool
tray, stops the printing operation and turns on the
1403 end-of-forms light.

When programming selective tape listing, the pro-
gram should not select more than four tape-feeds
simultaneously.

Control Carriage Selective Tape Listing Feature

Instruction Format.

Mnemonic Op Code d-character
CC F d

Function. Space a specific tape (as defined by the d-
modifier character). Each such instruction causes a
single tape to space up one line. Multiple instruc-
tions (with the correct d-characters) are required
for spacing more than one tape.

Word Marks. Word marks are not affected.
Timing. See 1403 Printer Timings section.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI dbb dbb

Chaining. This instruction cannot be successfully
chained.

Example. Space up tapes 1, 2, 7, and 8 after the next
print operation. Tapes 7 and 8 might represent a
single double-width tape (Figure H-83).

Avutocoder
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Figure H-83. Control Carriage, Selective Tape Listing
Feature



IBM 1442, Models 1,2, and 4,
Special Features

Card Image Feature

This feature is available for the 1BM 1442 Card Read-
Punch, Models 1 and 2, and the 1Bm 1442 Card Reader,
Model 4, with the 1BM 1440 System. The card-image
feature provides the circuitry to convert binary-coded
cards into BCD codes, and BCD codes into binary-
coded cards.

This feature also permits processing cards with mul-
tiple significant-digit punching in a single column.

When reading in card-image code, the validity
check is suspended because all charcaters are con-
sidered valid. However, validity checking is still in
effect for card columns designated as BCD (see Word
Marks section), so if the I/O check stop switch is on,
the system will stop on a reader (or punch) validity
error, or if the I/O check-stop switch is OFF, a BRANCH
IF ERROR instruction may be used to enter a subroutine.
Cards with interspersed, conventional punched codes
and binary-coded data can be read.

Note: When this feature is installed on the first 1BM 1442 at-
tached to an M 1440 system, it also functions on the second
1442 installed on the system.

This feature permits reading punched data into the
1BM 1441 unit without the normal translation from the
standard 1M punched-card code to BCD code. In
BCD mode, each card column of data is stored in two
adjacent positions of core storage. Similarly, the data
in two adjacent core positions can be punched into one
card column (Figure H-84).

Instructions applying to the 1442 cannot be success-
fully chained.

Read Card Image

Instruction Format.

Mnemonic Op Code A-address B-address d-character
RCB M %Gn BBB R

Function. This instruction causes a read-card-image
operation to be performed by the presence of a 9
or 0 (zero) in the n position of the A-address. The 9
also selects the number-1 unit on the system; a 0
(zero) in this position selects the number-2 unit
when two units are on the same system.

12 B B
11 A A
0 8 8
1 4 4
2 2 2
3 1 1
4
5
6
7
8
9
Figure H-84. Card Image Representation

The B-address is the address of the core storage
where column-1 information is to be stored.

The instruction terminates when a group mark
with word mark is sensed at location (B + Lg),
where Lg is the number of card columns to be read
into the processing-unit core storage.

Word Marks. Special significance is assigned to a word
mark during the execution of a CARD IMAGE READ in-
struction. The word mark is used to signal a change
in the mode of operation. For example, in the card-
image-read operation in the normal reading mode,
each card column read is translated and stored in
single core-storage locations until a word mark is
detected in core storage. This signals the reading
mode to change. Translation from the standard M
punched-card code is suspended. Suspension causes
the card data beginning at the word mark to be
stored in two adjacent core-storage positions for
each column read. Detection of another word mark
causes the reading to revert to the normal reading

mode.

Note. If the word marks are incorrectly placed, undetected in-
valid characters can be stored. The word mark must be
associated with the upper character of a card-image set. Any
given card column must be stored in either binary-coded-
decimal or card-image mode.

Timing.
Model1l T =21.0999+ 1.3 (Lg + 1) ms
Model 2 T =15.0999 + 1.0 (Lg + 1) ms
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Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI BBB

B-Add. Reg.
B+Lz+1

Example. Transfer the data in card image form from
card read-punch 1 to the area in core storage la-
beled roBiN (0303); Figure H-85.

Avutocoder
Label perati
15)i8

OPERAND
i 40 _ & S50
... IRCB . %GORDBINsR . N .

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI BBB

B-Add. Reg.
B+Lz+1

Example. Punch the data in card image form on card
read-punch 1 beginning in the area labeled pcrcr
(0303) and ending with a group mark with a word
mark (Figure H-86).

Autocoder

Assembled Instruction: M %G9 303 R

Figure H-85. Read Card in Card Image Mode

Punch Card Image and Stop

Instruction Format.

Mnemonic Op Code A-address B-address d-character
None M %Gn BBB P

Function. This instruction causes a punch-card-image
operation to be performed by the presence of a 9 or
0 (zero) in the n position of the A-address. The 9
also selects the number-1 unit on the system; a 0
(zero) in this position selects the number-2 unit
when two units are on the same system.

The B-address is the location of the data in stor-
age to be punched. The data in core storage is trans-
ferred in ascending sequence to the card punch
beginning at B-address until a group mark with
word mark is sensed at (B + Lg). This information
is punched in successive columns of the card at the
punch station. A punching operation following
another punch operation (no intervening card feed)
causes the data at the B-address to be punched in
the next successive card column. The program must
be written so as not to exceed 80-columns of punch-
ing per card. If 80 columns are exceeded, data is lost.

The operation is terminated by a group mark with
word mark in the rightmost position of the field.

Word Marks. The word marks within the data being
punched are neither considered nor affected.

Timing.

Model 1.
T = 216.3499 + 12.5 (Lg) ms

Model 2,
T = 163.2299 + 6.25 (L) ms
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Figure H-86. Punch-and-Stop in Card Image Mode

Punch Card Image and Feed

Instruction Format.

Mnemonic Op Code A-address B-address d-character
PCB M %Gn BBB G

Function. This instruction is used to transfer data
from core storage into the card read-punch for
punching into a card. When punching ends, the
card is ejected from the punch station and selected
into a stacker.

This instruction causes a punch-card-image opera-
tion to be performed by the presence of a 9 or 0
(zero )in the n position of the A-address. The 9 also
selects the number-1 unit on the system; a 0 (zero)
in this position selects the number-2 unit when two
units are on the same system.

The data stored in the core-storage position speci-
fied by the B-address is transferred and punched
in the card column registered beneath the punching
mechanism. The rest of the data located in the ad-
jacent core-storage positions is transferred, column-
by-column, and punched in the adjacent card col-
umns until a group mark with word mark in core
storage is sensed. The number of characters punched
in the card depends upon the B-field length that is
established in core storage. The B-field length can
be from 1 to 80 positions, plus one position for the
group mark with word mark. (Characters in excess
of 80 all punch in column 81, and are lost.) When
the punching operation ends, the card is ejected
from the punch station and selected into a stacker.



The card located at the read station advances dur-
ing this operation, also, but the data in the card is
not transferred into core storage. A card from the
hopper is also advanced and registered at the read
station during the punch-and-feed operation.

Word Marks. Word marks are not affected. A group
mark with word mark is needed to end the opera-
tion.

Timing.
Model 1.
T = 216.3499 + 12.5 (Lg) ms

Model 2,
T = 163.2299 + 6.25 (Lp) ms

A period of 210 ms elapses before another card
read-punch operation can be executed.

Note. When a punch-and-feed operation follows either a read-
card or punch-and-feed operation, the card at the punch
station is registered in column 1, and punching begins in
column 1. When a punch-and feed-operation follows a punch-
and-stop operation, the card at the punch station is the card
that was punched during the previous operation; punching
begins in the column adjacent to the last column punched.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI BBB

B-Add. Reg.
B+Ls+1

Example. Punch the data in card-image form on card
read-punch 1 beginning in the area labeled pcrcr
(0303) and ending with a group mark with word
mark, and then eject the card (Figure H-87).

Autocoder
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Figure H-87. Punch-and-Feed in Card Image Mode

Selective Stacker

This feature provides a second stacker for the mBM
1442 Model 1, so that cards can be selected under
program control for special applications. The 1M 1442
Models 2 and 4, have two stackers each as standard
equipment.

Select Stacker

Instruction Format.

Mnemonic Op Code d-character
SS K 2

Function. This instruction directs the card at the punch
station into stacker 2. Unless stacker 2 has been
selected before the operation that ejects the card
(READ OR PUNCH FEED), the ejected card is directed
to stacker 1.

Word Marks. Word marks are not affected.
Timing. T = .0333 ms

Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI 2bb 2bb

Example. Enter selected card into pocket 2 (Figure
H-88).

Autocoder
Lobel o perati
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Assembled Instruction: K 2

Figure H-88. Selective Stacker

Punch-Column Skip Feature

This special feature increases card output by allowing
the punch portion of the attached card read-punch(es)
to space over a specified number of card columns with-
out interlocking the system. The punch-column-skip
operation is initiated by executing a PUNCH COLUMN
ski1p instruction.

Punch-Column Skip

Instruction Format.
Mnemonic Op Code A-address B-address d-character
PSK M %Gn nnn C

Function. This instruction initiates the skip operation.
A-address of 9,Gn specifies one of the two card
read-punches. The first 1442 attached to the system
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is designated by a 1 in the n position. The second
1442 attached to the system is designated by a 2
in the n position.

The B-address is a 3-position number that speci-
fies the number of card columns to be spaced
through the punch station. For example, if a punch-
column-skip operation of 40 columns is specified,
the 3-position B-address would be 040.

The C d-character specifies a punch-column-skip
operation.

Word Marks. Word marks are not affected.
Timing. T= .0111 (81— Lp) + 1110 ms

Time available to the processor is:
T = 3.13 + (6.25 X number of columns skipped) ms
for 1M 1442, Model 2.
T = 6.25 + (12.5 X number of columns skipped ) ms
for 1M 1442, Model 1.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI BBB 081

Chaining. This instruction cannot be successfully
chained.

The stored program is released for further proc-
essing as soon as the instruction is executed in the
processing unit, so that the processing of subsequent
instructions and the skip operation are taking place
at the same time.

Example. Skip 24 columns on card read-punch 2
(Figure H-89).

Autocoder
Lobel roti OI:RAND

PSK 2024,

r e

Assembled Instruction: M %G2 024 C

Figure H-89. Punch Column Skip
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IBM 1447 Special Features
Branch If Buffer Busy
Instruction Format.

Mnemonic Op Code I-address d-character
BIN B 111 Inf

Function. This branch indicator is turned on when the
inquiry-request (Q) indicator is on, or when the 1447
buffer is occupied.

Note: Refer to IBM 1447 Console, Form A24-3031, for special
feature considerations and additional information.

Word Marks. Word marks are not affected.

Timing.

No branch, or branch without indexing:
T = .0666 ms
Branch with indexing: T = .0777 ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
No Branch NSI BI mbb
Branch (without
indexing ) NSI BI blank
Branch (with
indexing) NSI BI NSI

Example. Test the buffer-busy indicator and branch to
a subroutine labeled Buzv47 (0554) if the test is
successful; Figure H-90.

Autocoder
Label rati
U

OPERAND
30 43 20
V4T LA, e

Assembled Instruction: B 554 I

Figure H-90. Branch if Buffer-Busy Indicator On
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CHARACTER SET
COLL DEFINED CARD BCD 52| 52

SEQ CHARACTER CODE CODE 13/ 39| A| H|é3
0 Blank [ XX | X[X]X
1. Period 12-3-8 B A 8 1 (X[ X[ X]X|X
2 |1 Llozenge 12-4-8|C B A 8 4 o)y ! X
3 | [ Left Bracket 12-5-8] B A 84 1 X
4 | < less Than 12-6-8 BA S8 4 X
5 |== Group Mark 12-7-8{C B A 8421 X
6 | & Ampersand 12 C BA & +| X
7 | $ Dollar Sign 11-3-8|C B 8 1 X| X| X] X
8 | ¥ Asterisk 11-4-8 B 8 4 X X| X| X
9 | 1 Right bracket 11-58|]c B 84 1 X
10 | ; Semicolon 11-6-8|C B 8 4 X
11 [A Delta 1178 B 8 4 21 X
12 | - Hyphen 11 B X X X| X
13 | / Diagonal 0-1 [c A 1 X[ x[X
14 |, Comma 0-3-8|C A 8 1 X| X[ X} X
15 [% Percent Mark 0-4-8 A 8 4 %) (| X
16 | Y Word Separator | 0-5-8|C A 8 4 1 X
17 | \ Left Oblique 0-6-8|C A 8 4 X
18 | # Segment Mark 0-7-8 A 8421 X
19 | b  Substitute Blank 2-8 A X] X| X
20 | # Number Sign 3-8 8 1 #l1 =X
21 |@ AtSign 4-8|C 8 4 @| ‘| X
22 | :  Colon 5-8 8 4 1 X| X| X
23 | > Greater Thon 6-8 8 4 X
24 [V Radical 7-8|c 8421 X
25 | ? (Plus Zero) 120 |C B A 8 X| Xj X
26 |A 12-1 B A 1 X| X[ X| X
27 |B 12-2 B A X! X| x| X
28 [C 123 |C B A 1 X|X| X| X
29 |D 12-4 B A 4 X| X} X] X
30 |E 125 |C B A 4 1 X! X| X| X
31 |F 12-6 |C B A 4 X| X| X[ X
32 |G 12-7 B A 4 1 X| X| X| X
33 |H 12-8 BAS X| X{ X| X
34 |1 129 |C B A 8 1 X| X} X| X
35 [} (-zero) 11-0 B 8 X| X| X
36 [J 11-1 |C B 1 X|X{X]| X
37 | K 11-:2 |C B X| X} X| X
38 | L 11-3 B 1 X X| X| X
39 |M 11-4 |IC B 4 X| X| X] X
40 |N 11-5 B8 4 1 X| X| X| X
41 |O 11-6 B 4 X| X| X]| X
42 |P 117 (€ B 4 1 X| X] X| X
43 |Q 11-8 [C B 8 X| X| X| X
44 |R 11-9 B 8 1 X[ X| X]| X
45 | &= Record Mark 0-2-8 A 8 X| X| X
46 | S 0-2 |C A X| X| X| X
47 | T 0-3 A 1 X[ X} X| X
48 (U 0-4 |C A 4 X| X| X} X
49 {V 0-5 A 4 1 X| X] X| X
50 |W 0-6 A 4 X[X]| X| X
51 | X 07 |C A 4 1 X[ X]| x| X
52 1Y 0-8 |C A 8 X| X| X[ X
53 |Z 0-9 A 8 1 X| X| X| X
54 |0 (Zero) 0 [ 8 X|X| X| X[ X
55 (1 1 1X | X[X]| X]| X
56 |2 2 X[ X! X| X[ X
57 |3 3 C 1X | X[ X] X[ X
58 | 4 4 4 X|X| X| X| X
59 |5 5 C 4 1]X| XX X} X
60 | 6 6 C 4 X[ x| X| x| X
61 |7 7 4 2 11X X|X| X]| X
62 |8 8 8 XX X[ x] X
63 |9 9 C 8 1]{X| X| X| X| X
Figure I-1. 1440 Character Code Chart in Collating Sequence
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Declarative and Assembler-Control Statements

Figure I-2. Declarative and Assembler Control Operation

Figure 1-2 lists all the declarative and assembler-con-
trol mnemonic operation codes that are valid for the
disk Autocoder language.

Figure I-3 shows all valid control-carriage instruc-
tion d-modifier characters.

Figure 14 illustrates all valid (1440 Autocoder)

select-stacker instruction d-modifier characters.

Note: Several miscellaneous input/output devices that can
be attached to the 1440 system require special SS mnemonic
d-characters. These are coded in the operand portion of the
instruction statement. Refer to Programming Note, 1440 Auto-
coder Assembly section.

d Immediate skip to d Skip after print to
1 Channel 1 A Channel 1

2 Channel 2 B Channel 2

3 Channel 3 C Channel 3

4 Channel 4 D Channel 4

5 Channel 5 E Channel 5

6 Channel 6 F Channel 6

7 Channel 7 G Channel 7

8 Channel 8 H Channel 8

9 Channel 9 1 Channel 9

0 Channel 10 ? Channel 10
# Channel 11 (4 Channel 11
Q@ Channel 12 I} Channel 12

d Immediate space d After print-space
J 1 space / 1 space

K 2 spaces S 2 spaces

L 3 spaces T 3 spaces

Figure I-3. Control Carriage d-Characters

1-2

DECLARATIVE OPERATIONS SELECT STACKER (1442, 1444)
[Mnemonic Op Code Description Unit (Device) d Feed Stacker Pocket
DA Define Area
DC Define Constant (No Word Mark ) 1 (1442) 2 Read /Punch 2
DCW Define Constant With Word Mark
DS Define Symbol 2 (1442) 0 Read /Punch 2
DSA Define Symbol Address
EQU Equate 3 (1444) # Punch 2
ASSEMBLER CONTROL OPERATIONS Note: See Programming Note, 1440 Autocoder Assembly section.
Mnemonic Description Mnemonic Description .
L Control ORG Origin Figure I-4. Select-Stacker d-Characters
END End XFR Transfer
ENT Enter New SFX Suffix
Coding Mode JOB Job
EX Execute INSER Insert
LTORG Literal Origin DELET Delete
LIST Resume Listing
SPCE Space n Lines
ULST Stop Listing

Imperative Statements

Figure I-5 is an imperative-statement reference chart
that lists all valid mnemonic imperative operation
codes. The information given for each mnemonic is:

1. The mnemonic description.
2. The machine-language operation code.

3. The operand sequence. This entry represents the
valid set of operands to be used with the mnemonic.
Deviations from the specified operand sequences
are detected, and the appropriate error message is

“ printed.

The following symbols are used to describe the
operand sequence:

Symbol

RD Declared field. An actual, symbolic, or asterisk
address, or an area-defining literal. Address-ad-
justment and indexing are permitted.

D Constant or declared field. An actual, symbolic, or
asterisk address, or a literal. Address-adjustment
and indexing are permitted.

XC X-control field. Address of a unmit, such as %Ul,
used to address a unit of system feature. Address-
adjustment and/or indexing are not permitted, but
XC may be a symbolic address if it has been
equated to the desired I/O device.

n Single numeric character.

Meaning

S Symbolic address. Address-adjustment and/or in-
dexing are not permitted.

d d-modifier character. Used to modify the opera-
tion code.

s Operand separator.

/ Optional operand separator. For example, n/XC/S
means that either a single numeric character, an
X-control field, or a symbolic address may be used
for the operand.

1 Single alphabetic character.




Op Operand X-Control d-
Mnemonic Description Code Sequence Chain Field Character
ARITHMETIC OPERATIONS
A Add A D,RD F
D Divide* % D,RD No
M Multiply* @ D,RD No
S Subtract S D,RD F
ZA Zero and Add ? D,RD F
zs Zero and Subtract ! D,RD F
DATA CONTROL OPERATIONS

MIZ Move and Insert Zeros* X D,RD No
MCE Move Characters and Edit E D,RD No
MCS Move Characters and Suppress Zeros z D,RD No
MRCWG Move Characters and Word Marks to Group P D,RD F >

Mark-Word Mark in A-Field*
MLCWA Move Characters and Word Marks to Word L D,RD HF

Mark in A-Field
MRCM Move Characters to Record Mark or Group P D,RD F

Mark-Word Mark
MLC Move Characters to Word M D,RD HF

Mark in A- or B-Field
MLNS Move Single Numeric D D,RD F
MLZS Move Single Zone Y D,RD F

LOGIC OPERATIONS

BWZ Branch if 0-Zone (A-bit, no B-bit) \% RD,D,d F S§**
BWZ Branch if 11-Zone (B-bit, no A-bit) \ RD,D.d F K**
BWZ Branch if 12-Zone (AB-bits) \% RD,D,d F B**
BIN Branch if Access Busy B RD.d No \**
BIN Branch if Access Inoperable B RD.d No N**
BIN Branch if Any Disk Error B RD,d No Y**
BAV Branch if Arithmetic Overflow B RD No z
BBE Branch if Bit Equal* w RD,D,d F **
BC9 Branch if Carriage Channel 9 B RD No 9
BCV Branch if Carriage Overflow (12) B RD No @
BCE Branch if Character Equal B RD,Dd F **
BIN Branch if Disk Error B RD,d No \Ad
BEF Branch if End of File or End of Reel B RD No K
BE Branch if Equal Compare (B = A) B RD No S
BH Branch if High Compare (B>A) B RD No U
BIN Branch if Inquiry Clear* B RD,d No il
BIN Branch if Inquiry Request® B RD,d No Q**
BLC2 Branch if Last Card (Reader Unit 2) B RD No &
BLC Branch if Last Card (Sense Switch A) B RD No A
BL Branch if Low Compare (B<CA) B RD No T
BM Branch if Minus (11-Zone) v RD,d F K
BWZ Branch if No Zone (No A- or B-Bit) v RD,D,d F 2%*
BPB Branch if Printer Busy B RD No P
BPCB Branch if Printer Carriage Busy 8 RD No R (1403 only)
BIN Branch if Printer Error B RD,d No +=**

(I/0O Check Stop Switch Off)
BIN Branch if Process Check B RDd No %**

(Check Stop Switch Off) )
BIN Branch if Punch Error B RDd No A

(I/0 Check Stop Switch Off)
BIN Branch if Reader Error B RD,d No Pr*

(/0O Check Stop Switch Off)
BSS Branch if Sense Switch A B RD,d No A**
BSS Branch if Sense Switch (B-G)* B RD,d No (B-G)**

* Special Feature

** d-Character must be placed in operand when coding in Autocoder.

Figure I-5.

Imperative Operations (Part 1 of 3)
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Op Operand X-Control d-

Mnemonic Description Code Sequence Chain Field Character

LOGIC OPERATIONS (CONT)
BER Branch if Tape Transmission Error B RD No L
BIN Branch if Unequal Address Compare (Disk) B RDd No X**
BU Branch if Unequal Compare (B5<A) B RD No /
BW Branch if Word Mark v RD,D,d F 1
BWZ Branch if Word Mark or 0-Zone v RD,D,d F T**
BWZ Branch if Word Mark .or 11-Zone v RD,D,d F L**
BWZ Branch if Word Mark or 12-Zone v RD,D,.d F C**
BWZ Branch if Word Mark or No Zone v RD,D,d F 3**
BIN Branch if Wrong-Length Record (Disk) B RD,d No W**
B Branch Unconditional B RD No
C Compare C D,D F

MISCELLANEOUS OPERATIONS
cc Carriage Control F d No *x
cs Clear Storage / RD F
cs Clear Storage and Branch / RD,RD No
Ccw Clear Word Mark I RD,RD F
H Halt . D,D F
H Halt and Branch . RD
MA Modify Address* # D,RD F
NOP No Operation N XC/RD,d HF *k
SAR Store A-Address Register* Q RD,D HF
SBR Store B-Address Register* H RD,D HF
SS Select Stacker K d No *k
SSB Select Stacker and Branch (Serial 1/0 K RD,d No *%
sW Set Word Mark device only) , RD,RD F
TR Translate* T D,RD No
TRW Translate with Word Marks* T D,RD No >

MAGNETIC TAPE OPERATIONS
BSP Backspace Tape U n/XC/$ No %Un B
cu Control Unit U XC/S,d No %ln *%
RT Read Tape M n/XC/S,RD No %Un R
RTB Read Tape Binary M n/XC/S,RD No %Bn R
RTW Read Tape with Word Marks L n/XC/S,RD No %Un R
RWD Rewind Tape U n/XC/S No %Un R
RWU Rewind and Unload Tape u n/XC/S No %Un 4]
SKP Skip and Blank Tape u n/XC/$ No %Un E
WT Write Tape M n/XC/SRD No %Un w
WTB Write Tape Binary M n/XC/S,RD No %Bn w
WTM Write Tape Mark ] n/XC/$S No %Un M
WTwW Write Tape with Word Marks L n/XC/S,RD No %Un w

1/0 DEVICE OPERATIONS

cu Control Unit U Xc/sd No %In *x
L Load Unit L XC/S,RDd No %lIn **
MU Move Unit M XC/S,RD.d No %ln **
P Punch a Card and Feed M n/XC/S,RD No %Gn G
PCB Punch Column Binary and Feed* M n/XC/S,RD No %Gn G
PS Punch a Card and Stop M n/XC/S,RD No %Gn P
PSK Punch Skip* M n/XC/S,RD No %Gn [
R Read o Card M n/XC/S,RD No %Gn R
RCB Read Column Binary* M n/XC/S,RD No %Gn R

* Special Feature

** d-Character must be placed in operand when coding in Autocoder.

Figure I-5.
I-4
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Op Operand X-Control d-
Mnemonic Description Code Sequence Chain Field Character
1/0 DEVICE OPERATIONS (CONT.)
RCP Read Console Printer M RD No %T0 R
RCPW Read Console Printer with Word Marks L RD No %T0 R
w Write a Line M RD No %Y1 w
WCP Write Console Printer M RD No %TO w
WCPW Write Console Printer with Word Marks L RD No %T0 w
ws Write and Suppress Space M RD No %Y1 S
DISK OPERATIONS
cu Control Unit u Xc/sd No %In *x
RD Read Disk Sector(s) M RD No %F1 R
RDW Read Disk Sector(s) with Word Marks L RD No %F1 R
RDTR Read Disk Track Record* M RD No %F2 R
RDTRW Read Disk Track Record with Word Marks* L RD No %F2 R
RDTA Read Disk Track Record with Address* M RD No %F@ R
RDTAW Read Disk Track Record with Address L RD No %F@ R
and Word Marks*
RDT Read Disk Track Sectors with Addresses M RD No %Fé6 R
RDTW Read Disk Track Sectors with Addresses and L RD No %F6 R
Word Marks
RDCO Read Disk with Sector Count Overlay M RD No %F5 R
RDCOW Read Disk with Sector Count Overlay L RD No %F5 R
with Word Marks
SD Seek Disk M RD No %FO R
SDE Scan Disk Equal* M RD No %F8 w
SDEW Scan Disk Equal with Word Marks* L RD No %F8 w
SDH Scan Disk High, Equal* M RD No %F9 w
SDHW Scan, Disk High, Equal with Word Marks* L RD No %F9 w
SDL Scan Disk Low, Equal* M RD No %F7 w
SDLW Scan Disk Low, Equal with Word Marks* L RD No %F7 w
wDC Write Disk Check M RD No %F3 w
wDCW Write Disk Check with Word Marks L RD No %F3 w
wbD Write Disk Sector(s) M RD No %F1 w
WDW Write Disk Sector(s) with Word Marks L RD No %F1 w
WDTR Write Disk Track Record* M RD No %F2 w
WDTRW Write Disk Track Record with Word Marks* L RD No %F2 w
WDTA Write Disk Track Record with Address* M RD No %F@ w
WDTAW Write Disk Track Record with Address L RD No %F@ w
and Word Marks*
WDTW Write Disk Track Sectors L RD No %Fé w
WDt Write Disk Track Sectors with Addresses M RD No %Fé6 w
WwDCO Write Disk with Sector Count Overlay M RD No %F5 w
WDCOW | Write Disk with Sector Count Overlay L RD No %F5 w
with Word Marks

N

* Special Feature
** d_.Character must be placed in operand when coding in Autocoder.

Figure I-5. Imperative Operations (Part 3 of 3)

4. The code that indicates whether chaining (deletion
of one or more operands) is permitted (see Chain-
ing section).

Code

F Full chaining only — both operands must be de-
leted for a logical chaining operation.

HF ' Half or full chaining — either the last or both oper-
ands deleted for a logical chaining operation.

Meaning

NO No chaining — no operands deleted.

Note: Except for the move, load, store, branch, and 1/0
operations, the presence of an A-field address and the absence

of the B-field address causes the A-field to modify itself. Thus,
a SUBTRACT instruction with only an A-field address will cause
the field specified to be subtracted from itself. This is in no
sense chaining. The move and load operations having only an
A-field address are considered chaining. Refer to the particular
instruction for additional information.

5. The X-control field, if required.

6. The d-character, if required. Figures 1-3 and I-4
list the Control Carriage (CC) and Select Stacker
(SS) mnemonics.

Note: See Programming Note, 1440 Autocoder Assembly sec-
tion.
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Index of Branch Instructions and d-Modifiers

This alphabetic listing of 1440 branch instructions con-
tains the following information:

¢ The feature or device to which the instruction ap-
plies.

¢ The instruction name.

e The autocoder mnemonic.

Direct Data Channel Feature

® The branch op-code.

® The branch d-modifier character.

¢ The page number in this manual where the instruc-
tion is defined. -

Note: Although the various branches associated with the
select-stacker mnemonic (SSB) are considered unconditional,
they are also listed here.

Instruction Mnemonic Op Code d-Char. Page
Branch if End of Transmission ......................... BIN B 2 H-4
Branch if Indicator On ................ ... ... ......... BIN B d H-4
Branch if Process Check .............................. BIN B 1 H4
Branch if Read Data ................................. BIN B 7 H-4
Branch if Read Request . .............................. BIN B 3 H4
Branch if System A Stopped ................ ... ....... BIN B 8 H-4
Branch if Write Data ................................. BIN B 6 H-4
Branch if Write Request .............................. BIN B 4 H-4
Read Request and Branch . ... ......................... SSB K C H-2
Reset and Branch ............. .. ... ... ... ... ...... SSB K E H-3
Write Request and Branch ............................ SSB X D H-3
Expanded Serial Input/Output Adapter Feature

Instruction Mnemonic Op Code d-Char. Page
Branch if Operational Out ............................. BIN B 8 H-22
Branch if Primary Control Indicator On .............. ... BIN B 7 H-22
Branch if Primary Read IndicatorOn .................... BIN B 3 H-20
Branch if Primary Sense Indicator On .. ................. BIN B 6 H-21
Branch if Primary Write Indicator On .. ................. BIN B 4 H-21
Branch if Transmission Error Indicator On ............... BIN B 1 H-20
Disable Interrupt and Branch . ......................... SSB K < H-19
Enable Interrupt and Branch .......................... SSB K > H-19
Send Attention Signal and Branch ...................... SSB K A H-17
Send End Signal and Branch .......................... SSB K E H-17
Send Unusual End Signal and Branch ................... SSB K F H-18
IBM 1009 Data Transmission Unit

Instruction Mnemonic Op Code d-Char. Page
Branch if Attention ................... ... ........... BIN B 6 H-55
Branch if Buffer Service .............. .. ... ........... BIN B 2 H-55
Branch if Indicator On . ........... ... ... i il BIN B d G-5, H-54
Branch if Rec. EOM orInit. Inq. . ...................... BIN B 7 H-55
Branch if Receive EOF ........... ... . ... ........... BIN B 8 H-55
Branch if Receive Error .. ............................. BIN B 5 H-55
Branchif Reply Bad .................................. BIN B 4 H-55
Branch if Reply Good ........... ... ... .. ... .. ...... BIN® B 3 H-55
Branch if 1009 Ready ............... .. ... ..., BIN B 1 H-55

J-1



Instruction Mnemonics

Operate in Load Mode and Branch
Send EOF and Branch . ............................ ... SSB

Set Direction to Rec. and Branch .. ..................... SSB

Set Direction to Trans. and Branch . ................ .... SSB
Suppress 3-Second Alarm and Branch ................... SSB

IBM 1011 Paper Tape Punch

Instruction Mnemonic
Branch if Input/Output Indicator On ................... BIN
Branch if Paper Tape Reader Ready .................... BIN

IBM 1012 Tape Punch

Instruction Mnemonic
Backspace Tape and Branch ........................... SSB
Branch if In Backspace Oper. .......................... BIN
Branch if Tape Punch Not Ready to Accept Data ......... BIN
Branch if Tape Punch Not Ready to Read . ... ... ....... BIN
Branch if Tape Punch Overextended .................... BIN
Branch if Tape Punch Ready .......................... BIN
Branch if Supply Reel Low or Chad Box Full .. ... ... ... BIN

IBM 1026 Transmission Control Unit

Instruction Mnemonic
Branch if Buffer-Busy Indicator On ..................... BIN
Branch if Inquiry-Clear Indicator On ................... BIN
Branch if Request-Service Indicator On . ................ BIN
Branch if Time-Emitter IndicatorOn .. .................. BIN
Disable Interrupt and Branch .......................... SSB
Enable Interrupt and Branch ........................ .. SSB

IBM 1231 Optical Mark Page Reader

Instruction Mnemonic
Branch if Auto-Select ......... ... ... ... ... ... ... ... BIN
Branch if Buffer Full ................................. BIN
Branch if Hopper Empty ... ........................... BIN
Branch if Read Error or Overrun Detection .............. BIN
Branch if Timing Mark Check ....................... .. BIN
Branch if 1231 Ready to Read ......................... BIN

Select Stacker and Branch ... ................ ... ... ... SSB

IBM 1285 Optical Reader

Instruction Mnemonic
Branchif Endof File ................................. BIN
Branch if End of Line ................................ BIN
Branch if Error ......... .. ... . ... .. ... . .. ... BIN
Branch if Header Information .......................... BIN
Branch if Indicator On ............................... BIN
Branch if Marked Line ............................... BIN
Branch if Reader Ready ............................... BIN
Branch if Reader Ready to Read a Line ................. BIN
Branch if Reader Transporting ........... ... ... ....... BIN

Go to Next Lineand Branch ........................... SSB

Mark a Line and Branch ... ........................... SSB

J-2

Op Code

AA RARRN

FOp Code

Op Code

W wWw WER

Op Code

NRE W W

(0]
5]
0
3.
o

RNE W wwew

o
©
0
[o]
Q.
o

RARA TEW W oW

d-Char.

g

d-Char.

d-Char.

O Tl W

d-Char.

B0 O U # DO

d-Char.

O~ AUl DD

-

20 @«

Page
H-56
H-56
H-56

H-56
G-6,H-55

Page

E-10
E-11

Page
E-13
E-14
E-14

E-15
E-15

E-14
E-16

Page
G-47
G-48
G-47

G-48
G-46
G-45

Page
G-29
G-29
G-30

G-30
G-30

G-29
G-31

Page
G-40
G-40
G-40 -

G-40
G-39
G-40
G-40
G-40
G-40
G-39
G-39



IBM 1301 Disk Storage

Instruction Mnemonic
Branch if Access Busy ................ e BIN
Branch if Access Inoperable .. ........ ... . .. .. ... ..... BIN
Branch if Any Disk Condition .......................... BIN
Branch if Disk Error ........... .. ... ... ... ....... BIN
Branch if Indicator On . .............................. BIN
Branch if Unequal Address Compare .................... BIN
Branch if Wrong Length Record ....................... BIN

IBM 1311 Disk Storage Drive

Instruction Mnemonic
Branch if Access Busy ....................... ... ...... BIN
Branch if Access Inoperable ........................... BIN
Branch if Any Disk Condition ......................... BIN
Branch if Disk Error ................................. BIN
Branch if Indicator On .. .............................. BIN
Branch if Unequal Address Compare .................... BIN
Branch if Wrong Length Record ....................... BIN

IBM 1403 Printer

Instruction Mnemonic
Branch if Channel 12 ................................. BCV
Branch if Channel 9 . ... ... ... ... .. ... ... .......... BC9
Branch if Printer Busy . .................... .. ... .. .... BPB
Branch if Printer Carriage Busy ........................ BPCB
Branch if Printer Exror .. ......... ... .. ... ... ... .. .... BIN

IBM 1412 Magnetic Ink Character Recognition Reader

Instruction Mnemonic
Branch if Account-Number-Field Indicator On ............ BIN
Branch if Amount-Field Indicator On ................... BIN
Branch if Document-Spacing-Check Indicator On ..... .. .. BIN
Branch if Process-Control-Field Indicator On ............. BIN
Branch if Read-Check Indicator On . ... ................. BIN
Branch if Late-Read Indicator On ...................... BIN
Branch if Read-Not-Ready Indicator On ................. BIN
Branch if Transit-Routing-Field Indicator On ............. BIN
Select Stacker and Branch . ............................ SSB

IBM 1441 Central Processing Unit

Instruction Mnemonic
Branch if Arithmetic Overflow ......................... BAV
Branch if Bit Equal (Special Feature) .................. BBE
Branch if Character Equal . ............................ BCE
Branch if Equal Compare (B=A) ..................... BE

Branch if High Compare (B >A) ...................... BH
Branch if Indicator On ................... e BIN
Branch if Low Compare (B<<A) ...................... BL

Branch if Minus .......... ... ... ... ... ... ... ... ... BM
Branch if No Zone . ........... ... .. ... . ... ... .. ... ... BWZ

Op Code

W W Www

°
0
<]
Q.
o

TE B wew

Op Code

W wWww

Op Code

AEE IEw Bow

Op Code

<<W FEwW wgw

d-Char.

SR < KZ -~

d-Char.

d-Char.

++ '-:j(D@

d-Char.

AN = WUl O D

d-Char.

PRA AC® AN

Page

F-11
F-11
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Instruction Mnemonics

Branch if Process Check .............................. BIN
Branch if Sense Switch A ... ... ... ... . ... .. ........ BSS
Branch if Sense Switch B .............. ... ... ... ...... BSS
Branch if Sense Switch C ... ... ...... .. ... .. ... ... BSS
Branch if Sense Switch D .. ........................... BSS
Branch if Sense Switch E ... ... ... ... ... ... ... ...... BSS
Branch if Sense Switch F ... .......................... BSS
Branch if Sense Switch G .. ... ... ... .. .. .. ... .. ..... BSS
Branch Unconditionally ............................... B

Branch if Unequal Compare ........................... BU
Branch if Word Mark ........ ... ... ... ... ... ... ..... BW
Branch if Word Mark or NoZone . ..................... BWZ
Branch if Word MarkorZone .......................... BWZ
Branch if Word Mark or 0-Zone ........................ BWZ
Branch if Word Mark or 11-Zone . ...................... BWZ
Branch if Word Mark or 12-Zone ................... .... BWZ
Branchif O-Zone ............... .. ... . ... oo ... BWZ
Branch if 11-Zone . ......... .. ... ... .o BWZ
Branch if 12-Zone .. ............................ R BWZ

IBM 1442 Card Read-Punch

Instruction Mnemonic
Branch if Last Card, First Read-Punch .................. BLC
Branch if Last Card, Second Read-Punch ................ BLC2
Branch if Punch Error ... ... ... ....... ... ... ........ BIN
Branch if Reader Error ................. . ..o, BIN

IBM 1443 Printer

Instruction Mnemonic
Branch if Channel 9 .. ........... ... ... .. ... .. ... .... BC9
Branch if Channel 12 . ........... ... ... ... ... ........ BCV
Branch if Printer Busy ................. ... i BPB
Branch if Printer Error .. ... ........................... BIN

IBM 1444 Card Punch

Instruction Mnemonic
Branch if Punch Error . ............................... BIN

IBM 1445 Printer

Instruction Mnemonic
Branch if Channel 9 .. ......... ... ...... ... ... ........ BC9
Branch if Channel 12 . ... ...... ... ... ... ... ... ....... BCV
Branch if Printer Busy ................................ BPB
Branch if Printer Error . ............................... BIN

IBM 1447 Console

Instruction Mnemonic
Branch if Buffer Busy .................. ... ........... BIN
Branch if Inquiry Clear ............................... BIN
Branch if Inquiry Request . ............................ BIN
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T Iw
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d-Char.
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d-Char.
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¥
d-Char.
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D-13
D-13

D-13
D-12

Page
D-23
D-24

D-23
D-23
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H-63
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IBM 1448 Transmission Control Unit

Instruction

Branch if Early Waming . .............................
Branch if End of Block ...............................

Disable Interrupt and Branch ..........................
Enable Interrupt and Branch ..........................

IBM 7335 Magnetic Tape Unit

Instruction

Branch if End of Reel ................................
Branch if Tape Exror .................................

IBM 7740 Communication Control System

Instruction

Attention Response and Branch ........................
Branch if Attention-Signal Indicator On .................
Branch if Data Transmission Ended ....................

Branch if IndicatorOn . ...............................
Branch if Receive-Request Indicator On .................
Branch if Successful-Completion Indicator On ............

Control Request and Branch ...........................
End Response and Branch ... ..........................
Read Request and Branch .............................

Sense Request and Branch .. ......................... ..
Signal Control and Branch ............................
Write Request and Branch ............................

Mnemonic

Op Code

AR W

Op Code

Op Code

ARARNR RRR ow wWR

d-Char.

VA VA

d-Char.

d-Char.

OUQ OFM oo =

Page
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Page
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G-27
G-27
G-27
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Instruction Type
Add (One Field) ................ ... ... .............

Add (Two Fields) ............. ... ... ... ...........
Attention Response .. ................ ... .. .. ... ... ... 7740
Attention Response and Branch ........................ 7740
Backspace Tape ..............ccouiiiiiiiiii. 1012
Backspace Tape and Branch ........................... 1012
Backspace Tape Record .. ............................. 7335
Bid Operation .............. ... ... it 1026
Branch if Access Busy ............ ... ..., 1301
Branch if Access Busy ............... ... ... . ... .. . ... 1311
Branch if Access Inoperable .......... ... ... ... ... . ... 1301
Branch if Access Inoperable ........................... 1311
Branch if Account-Number-Field Indicator On ........... 1412
Branch if Amount-Field Indicator On ................... 1412
Branch if Any Disk Condition ......................... 1301
Branch if Any Disk Condition ....................... .. 1311
Branch if Arithmetic Overflow .........................
Branch if Attention 1009 ............. ... ... ... ... .... 1009
Branch if Attention-Signal IndicatorOn .................. 7740
Branch if Auto Select ............. ... ... . ... ... ... ... 1231
Branch if Bit Equal .. ... ...... ... ... ... .. ... .. ... ... BIT
Branch if Buffer Busy ............. ... ... ... ... ... .... 1026
Branch if Buffer Busy .......... .. ... ... ... ... ... .... 1447
Branch if Buffer Full .. ... .. ... ... ... ... ... . ... .... 1231
Branch if Buffer Service .............. ... ... ... ... ... 1009
Branch if Channel 9 . ... ... ... ... ... ... .. ... ... ...... 1403
Branch if Channel 9 . ... ... ... ... ... ... ... ... ... 1443
Branch if Channel 9 . ... ... .. ... .. ... .. ... ... ... .. .... 1445
Branch if Channel 12 . ... ... ... ... ... ... ... ... .. ..... 1403
Branch if Channel 12 ... ... ... ... .. ... .. ... .......... 1443
Branch if Channel 12 .. .. ... ... .. ... .. .. ... ... ....... 1445
Branch if Character Equal ............................
Branch if Data Transmission Ended .......... ... ... . ... 7740
Branch if Disk Error .............. ... ... ... ... ... .... 1301
Branch if Disk Error .. ... ..... ... ...... ... ......... 1311
Branch if Document-Space-Check Indicator On ........... 1412
Branch if Early Waming ... ........................... 1448
Branch if End of Block ............................... 1448
Branch if End of File .. .............................. 1285
Branch if End of Line ................................ 1285
Branch if End of Reel ................................ 7335
Branch if End of Transmission ......................... DDC
Branch if Equal Compare (B=A) .....................
Branch if Error ....... ... . ... .. . . .. ... 1285
Branch if Header Information .......................... 1285
Branch if High Compare (B>A) .....................
Branch if Hopper Empty ............................. 1231
Branch if Late-Read Indicator On ..................... 1412
Branch if in Backspace Operation ...................... 1012
Branch if Indicator On . ...............................
Branch if Indicator On . . .............................. DDC
Branch if Indicator On . ... .............. ... .......... 1009
Branch if Indicator On . .. ............. ... ... ......... 1009
Branch if Indicator On . . .............................. 1285
Branch if Indicator On .. ........ ... ... .. ... .......... 1301
Branch if Indicator On .. ................. P 1311
Branch if IndicatorOn . ............ ... ... .. .......... 7740
Branch if Input/Output Indicator On ................. .. 1011
Branch if Inquiry Clear .............................. 1026
Branch if Inquiry Clear .............................. 1447
Branch if Inquiry Request .. ........................... 1447

Mnemonic

A

A
SS
SSB

SS
SSB
BSP
None
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BAV
BIN
BIN
BIN
BBE
BIN
BIN
BIN
BIN
BC9
BC9
BC9
BCV
BCV
BCV
BCE
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BEF
BIN
BE
BIN
BIN
BH
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN'
BIN
BIN

Index of Instructions

Format Page
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A AAA BBB B-3
K B G-27
K III B G-27
KA E-13
K II A E-13
U %Un B E-3
Us G-44
B III \ F-11
B III \ F-29
B III N F-11
B III N F-29
B III 6 G-12
B III 4 G-11
BIIIY F-11
BIIY F-29
B Il Z B-7
B III 6 H-55
B III 4 G-27
BIII1 G-29
W III BBB d H-1
B Il O G-47
B II o H-63
B III 2 G-29
B III 2 H-55
B III 9 D-4
BIINY9 D-23
B III 9 D-32
B III @ D-6
B Il @ D-24
B III @ D-32
B III BBB d B-8
BIIl1 G-27
BIIIV F-11
BIIIV F-29
B III 8 G-13
B III < G-24
B III > G-23
B III 8 G-40
B III 2 G-40
B I K E-5
B III 2 H-4
BIII S B-7
BIII1 G-40
BII S5 G-40
BIIIU B-7
B III 4 G-30
B I 1 G-10
B III1 E-14
B III d B-7
BIIId H-4
B IId G-5
B III d H-54
B I d G-40
BIId F-11
B III d F-29
B III d G-27
BII1 E-10
B III ° G-48
B III * C-3
B III Q C-3




Instruction Type

Branch if Last Card (First Reader Punch) .............. 1442
Branch if Last Card (Second Reader Punch) ............ 1442
Branch if Late-Read Indicator On ...................... 1412
Branch if Low Compare (B<<A) ......................

Branch if Marked Line ............................... 1285

Branch if Minus ............ ... ... ... ... ... ... .. ...
Branch if NoZone ............ ... ... ... o ...

Branch if Operational Out ............................. EXPS
Branch if Paper-Tape Reader Ready .................... 1011
Branch if Primary-Control Indicator On ................. EXPS
Branch if Primary-Read Inndicator On .................. EXPS
Branch if Primary-Sense Indicator On ................... EXPS
Branch if Primary-Write Indicator On ................... EXPS
Branch if Printer Busy ................................ 1403
Branch if Printer Busy ................................ 1443
Branch if Printer Busy .............................0.. 1445
Branch if Printer-Carriage Busy ........................ 1403
Branch if Printer Error .............. ... ... . ... ... 1403
Branch if Printer Error ............................... 1443
Branch if Printer Error ...... ... ... ... .............. 1445
Branch if Process-Control-Field Indicator On ............. 1412
Branch if Process Check .............................. DDC
Branch if Process Error ............................ ...

Branch if Punch Error ....... ... ............... ... ... 1442
Branch if Punch Error .. ....... .. ... ... ............ ... 1444
Branch if Read-Check Indicator On .................... 1412
Branch if Read Data ................................. DDC
Branch if Read Error or Overrun Detection . ............. 1231
Branch if Read-Not-Ready Indicator On ................ 1412
Branch if Read Request . . ............................. DDC
Branch if Reader Error ... ............................ 1442
Branch if Reader Ready .............................. 1285
Branch if Reader Ready to Read a Line ................. 1285
Branch if Reader Transporting ......................... 1285
Branch if Receive End of Message or Initial Inquiry .. ... .. 1009
Branch if Receive (EOF) .............................. 1009
Branch if Receive Exror .. ............................. 1009
Branch if Receive-Request Indicator On ............... .. 7740
Branch if Reply Bad . ......... ... .................... 1009
Branch if Reply Good ................................ 1009
Branch if Request-Service Indicator On ............... .. 1026
Branch if Sense Switch AOn .......................... SS.
Branch if Sense Switch BOn ................ ... ... ... SS
Branch if Sense Switch C On ............... ... . ...... SS
Branch if Sense SwitchDOn .............. P SS
Branch if Sense Switch EOn ..................... ... .. SS
Branch if Sense Switch FOn .................... ... ... SS
Branch if Sense SwitchGOn .......................... SS
Branch if Successful-Completion Indicator On .......... .. 7740
Branch if System A Stopped .............. . ........... DDC
Branch if Tape Error ................................. 7335
Branch if Tape-Punch Not Ready to Accept Data ......... 1012
Branch if Tape-Punch Not Ready toRead .. .............. 1012
Branch if Tape-Punch Overextended ................... 1012
Branch if Tape-Punch Ready .......................... 1012
Branch if Time-Emitter Indicator On .. ................. . 1026
Branch if Timing-Mark Check ............ ... ... .. ..... 1231
Branch if Transit-Routing Indicator On .. ......... ... .... 1412
Branch if Transmission-Error Indicator On .. ............. EXPS
Branch if Unequal-Address Compare .................... 1301
Branch if Unequal-Address Compare .................... 1311
Branch if Word Mark ............... .. . .. .. G

Branch if Word Mark orNoZone .......................
Branch if Word Mark or Zero Zone .. ...................
Branch if Word Mark orZone .........................
Branch if Word Markor 11 Zone .. .....................
Branch if Word Markor 12 Zome .. ................... L

Branch if Write Data ....................... .......... DDC
Branch if Write Request .. ............................ DDC
Branch if Wrong-Length Record ....................... 1301
Branch if Wrong-Length Record ....................... 1311
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Mnemonic

BLC
BLC2
BIN
BL
BIN
BM
BWZ
BIN
BIN
BIN
BIN
BIN
BIN
BPB
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BPB
BPCB
BIN
BIN
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BSS
BSS

" BSS

BSS
BSS
BSS
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BIN
BIN
BER
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BIN
BW
BWZ
BWZ
BWZ
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BWZ
BIN
BIN
BIN
BIN
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G-11
H-4
B-7
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H-55
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G-47
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G-27
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H-20
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H-4
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Instruction Type

Branch if Zero Zone ........... ... ... ... ... . ... ..

Branch if 1009 Ready ................................ 1009
Branchif 11 Zone ........... ... ... . ... . ...
Branchif 12Zone ......... ... ... ... .. .. .. . ...
Branch if 1231 Ready to Read ......................... 1231

Branch if Supply-Reel Low or Chad-Box Full ......... ... 1012
Branch Unconditional ................................

Clear Storage ................. .. iiiiiiiiiiiin i,
Clear Storage and Branch .. ... ... ....................
Clear Word Mark (One Address) ......................
Clear Word Mark (Two Addresses) .....................

Coded Halt ........ ... ... ... ... .. .. i,

Coded Halt ........... ... ... .. ... ... ..............
Compare ... ...
Control Carriage ..................ciiiiiiiiinann. 1403
Control Carriage ............. ..o, 1443
Control Carriage ............. ... ... 1445
Control Carriage Selective Tape Listing Feature ........... 1403
Control Request .............. ... ... ... ... ... 7740
Control Request and Branch .. ......................... 7740
Diagnostic Read .. ................................... 7335
Disable Interrupt .. ........... ... ... .. .. ... . ... . ... EXPS
Disable Interrupt ........... ... . ... . .. ... .. ... 1026
Disable Interrupt .............. ... ... ... .. .. . ... ... 1448
Disable Interrupt and Branch . ......... .. .. ... ... .. ... EXPS
Disable Interrupt and Branch . ...................... ... 1026
Disable Interrupt and Branch .......................... 1448
Disengage MICR Reader .............................. 1412
Divide ......... ... .. . . MD
Edit ...

Enable Interrupt .. ........... ... .. ... .. ... EXPS
Enable Interrupt . ... ....... .. ... ... ... 1026
Enable Interrupt .. ........ ... ... ... ... ... ... 1448
Enable Interrupt and Branch .......................... EXPS
Enable Interrupt and Branch .. ........................ 1026
Enable Interrupt and Branch .. ........................ 1448
End ReSpOnSe .. .........couinineiinmeiniaanaannn.. 7740
End Response and Branch .. ........................ ... 7740
Engage MICR Reader ................................ 1412
GotoNextLine ............. ... .. ... .. ... 1285
Go to Next Line and Branch ...,.................... .. 1285
Halt ... .
Haltand Branch ....... ... ..........................
Initialize a Message Transmission (XMIT) ................ 1009
Initialize a Reply from Receiver (Rcv) .................. 1009
Issue 1BM 1026 Line Bid ... ........................... 1026
Load Character from the Receiving 1009 ................ 1009
Load Character to the Transmitting 1009 ................ 1009
Load Character to the Transmitting 1009 .. .............. 1009
Load Characters from the Receiving 1009 ............... 1009

Load Characters to A-Field Word Mark (One Field) ......
Load Characters to A-Field Word Mark (Two Fields) .....

Load Characters to Record Mark or GMWM ............. TRAN
Load from MICR Reader ............................. 1412
Load Record ............ ... ... 00, TRAN
Mark a Line ... ... ... . . . e 1285
Mark a Line and Branch .............................. 1285

Modify Address (One Address) ........................
Modify Address (Two Addresses) ......................
MoOvVe .. e 1231
Move Character from the Receiving 1009 ................ 1009

Mnemonic

BWZ
BIN
BWZ
BWZ
BIN
BIN
B

Cs
CS
CwW
Ccw
H
H

C
CC
CC
CC
CC
SS
SSB

CU
SS
SS
SS
SSB
SSB
SSB
CuU

MCE
SS
SS
SS
SSB
SSB
SSB
SS
SSB
CuU

SS
SSB

CU
CU
None

LU
LU
LU
LU
MLCWA
MLCWA
MRCWG
LU
MRCWG

SS

SSB
MA
MA
MU
MU

Format

V III BBB S
BIII1

V III BBB K
V III BBB B
B III 3

B III 8

B III

| AAA

/ 1II BBB
O AAA

O AAA BBB
¢ CCC CCC
e Cbb Cbb
AAA BBB

R NeTReTR=TR=Y
—t
o}

ROFRARARARARARC RARARTEOEMTO
xR
c
=
>

SEREEEAAA
5=

ZOAAN

&=

o=}

VVV;
5
o]
™
w

L B B e
Pud e e
Pt Pt

Etﬂ
g™ VVV

AR O CRRARRRARAHE
R
92}
—

=12
Q

o III

U %D1 E
U %D1 D
Us

L %D1 BBB R
L %D1 BBB W
L %D1 BBB W
L %D1 BBB R
L AAA

L AAA BBB

P AAA BBB >
L %S1 BBB R
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H-18
G-45
G-22
H-19
G-45
G-23
G-27
G-27

G-7

G-39
G-39

B-17
B-18

H-53
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Instruction Type
Move Character to the Transmitting 1009 ... ... ........ .. 1009
Move Character to the Transmitting 1009 ... ... ........ .. 1009

Move Characters and Edit . .......................... ..

Move Characters and Suppress Zeros ....................

Move Characters from the Receiving 1009 ............... 1009
Move Characters to A- or B-Field Word Mark (One Field)

Move Characters to A- or B-Field Word Mark (Two Fields)

Move Characters to Record Mark or GMWM . ... ... .. ..

Move from MICR Reader .. ........................... 1412
Move Numeric ........ ... .. ... .. .. .. ... ... .. .......

Move Record ...... ... ... ... . ... .. ... ...

Move Zone ............... ...
Multiply . ... ... . MD
No Operation ..................... .0 ..
Operate in Load Mode ... .. ... ... ... ... ............. 1009
Operate in Load Mode and Branch ......... ............ 1009
Punch and Feed .. ... ... ... ... ... ... ... . ... ... ....... 1442
Punch and Stop ............ ... ... ... ... .. ... ... ... 1442
Punch Card ........... ... ... ... .. ... ... ... 1444
Punch Card Image and Feed .......................... 1442
Punch Card Imageand Stop . .......................... 1442
Punch-Column Skip ........... ... ... ... ... ... ........ 1442
Read ... ... ... 7740
Read Binary Tape ................c.cciiuuniuiinaaiii.. 7335
Read Card ....... ... ... ... . . . . ... 1442
Read Card Image . ............ ... ... .cccciiiiuiii.. 1442
Read Data ............. ... ... ... i, DDC
Read Data with Word Marks ...................... ... . DDC
Read Disk Sectors . .............. ... ... .. ... .. ... .... 1301
Read Disk Sectors . .............. .. ... . ... ... ... . ... 1311
Read Disk Sectors with Word Marks . ................. .. 1301
Read Disk Sectors with Word Marks ......... ...... .. .. 1311
Read Disk-Track Record .............................. 1301
Read Disk-Track Record .............................. 1311
Read Disk-Track Record with Address .................. 1301
Read Disk-Track Record with Address .................. 1311

Read Disk-Track Record with Address with Word Marks .. 1301
Read Disk-Track Record with Address with Word Marks .. 1311

Read Disk-Track Record with Word Marks .. ........ .. .. 1301
Read Disk-Track Record with Word Marks .......... . ... 1311
Read Disk-Track Sectors with Addresses . ................ 1301
Read Disk-Track Sectors with Addresses ................. 1311

Read Disk-Track Sectors with Addresses and Word Marks .. 1301
Read Disk-Track Sectors with Addresses and Word Marks .. 1311

Read Disk with Sector-Count Overlay .................. 1301
" Read Disk with Sector-Count Overlay .................. 1311
Read Disk with Sector-Count Overlay with Word Marks ... 1301
Read Disk with Sector-Count Overlay with Word Marks ... 1311
Read from 1M 1026 .. ... .. .. .. .. .. ... .. .. .. .. ....... 1026
Read from 1M 1026 with Word Marks . ................. 1026
- Read from Paper Tape ................cccciiiiiii. ... 1011
Read from Paper Tape with Word Marks .. ........... ... 1011
Read from Primary ................. .. ... ... ... ...... EXPS
Read from Primary with Word Marks . .................. EXPS
Read from 1447 Console . ............ ... . ... .. ....... 1447
Read from 1447 Console with Word Marks . .............. 1447
Read in Load Mode ......... ... ..................... 1985
ReadinMove Mode .. ........ .. ... ... ... ... ........... 1285
Read Request ........... ... ... . ... .. iiiiiii.. DDC
Read Request ........................ B 7740
Read Request and Branch .. ........................... DDC
Read Request and Branch .. ........................... 7740
Read Tape ..............c. i 7335
Read Tape with Word Marks . ... ....... ... ............ 7335
Read with Word Marks ............... ... ... .......... 7740
Reset ... .. .. DDC
Reset and Branch . ...... ... .. ... ... ... ... .. ... ... ... DDC
Rewind Tape .. ...........cooiiiiiinui . 7335
Rewind Tape and Unload ............................. 7335
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Mnemonic

MU
MU
MCE
MCS
MU
MLC
MLC
MRCM
MU
MLNS
MRCM
MI.ZS
M

NOP

SS
SSB

RCP
RCPW

MU
SS

SS
SSB
SSB
RT
RTW

SS
SSB
RWD
RWU

Format

M %D1 BBB W
M %D1 BBB W
E AAA BBB

Z AAA BBB

M %D1 BBB R
M AAA

M AAA BBB

P AAA BBB

M %S1 BBB R

D AAA BBB

P AAA BBB

Y AAA BBB

@ AAA BBB

L
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%Gn BBB G
%Gn BBB P
%G3 B0l G
%Gn BBB G
%Gn BBB P
%Gn nnn C

%A1 BBB R
%Bn BBB R
%Gn BBB R
%Gn BBB R
%H1 BBB R
%H1 BBB R

%F1 BBB R
%F1 BBB R
%F1 BBB R

%F1 BBB R

ZF2 BBB R
%F2 BBB R
%F@ BBB R
%F@ BBB R
%F@ BBB R
%F@ BBB R
%F2 BBB R

%F2 BBB R

M %F6 BBB R
M %F6 BBB R
L %F6 BBB R

L %F6 BBB R

M %F5 BBB R
M %F5 BBB R
L %F5 BBB R

L %F5 BBB R

M %T0 BBB R
L %TO BBB R

M %P1 BBB R
L %P1 BBB R

M %01 BBB R
M %01 BBB R
M %T0 BBB R
L %T0 BBB R

L%V1 BBB R

M %V1 BBB R
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Instruction Type

Scan .. 1448
Scan Disk Equal ....... ... ... ... ... ... .. . ... . ... . ... SCAN
Scan Disk Equal with Word Marks ... .................. SCAN
Scan Disk High ....... ... .. ... ... ... ............ SCAN
Scan Disk High with Word Marks ...................... SCAN
Scan Disk Low . ............. . .. ... .. SCAN
Scan Disk Low with Word Marks .............. .. ... .. SCAN
Seek Disk ....... ... ... .. 1301
Seek Disk . ... ... .. 1311
Seek Disk with Word Marks ........................... 1301
Select Digital Time Unit .............................. 1026
Select iBM 1026 on Line 1 ............................ 1026
Select iBM 1026 on Line 2 .. .......................... 1026
Select 1iBM 1026 on Line 3 .. ... ... ... .. ... .. ... ........ 1026
Select 1BM 1026 on Line 4 .. ..... ... .. ... ... .. ........ 1026
Select Request-Service Indicator ....................... 1026
Select Stacker .. ... ... ... .. .. ... 1231
Select Stacker .. ... ... . ... 1442
Select Stacker ........ ... . ... .. ... i 1442
Select Stacker . ... ... . ... 1444
Select Stacker and Branch ............. ... ............ 1231
Select Stacker and Branch . ........................... 1412
Select Stacker MICR Reader .......................... 1412
Select Stacker (Selective-Stacker Feature) ............... 1442
Send Attention Signal ........ . ... .. ... ... ... ... ... EXPS
Send Attention Signal and Branch ...................... EXPS
Send End of File (EOoF) . ... ... ... ... ... ... ... ... .... 1009
Send End of File (gor) and Branch ............. .. ... .. 1009
Send End Signal ...... ... ... .. ... ... EXPS
Send End Signal and Branch ................... ... ... EXPS
Send Unusual-End Signal .......... ... ... ... ... ... EXPS
Send Unusual-End Signal and Branch ................... EXPS
Sense Request .. ........... .. i 7740
Sense Request and Branch .............. ... ... ... .... 7740
Set Correction Mode - - - .. .. ... .. i 1285
Set Direction to Receive . ....... ... ... ... ... . ... ... 1009
Set Direction to Receive and Branch .. .................. 1009
Set Direction to Transmit ... ............ .. .. .. ........ 1009
Set Direction to Transmit and Branch ................ ... 1009
Set Ready to Receive ................................. 1009

Set Word Mark (One Address) ........................
Set Word Mark (Two Addresses) ......................

Signal Control .. ... ... ... ... ... ... ... ... ... .. 7740
Signal Control and Branch ............................ 7740
Skip and Blank Tape ........... ... . ... . ... ... .. ... 7335
Start Transmission . ............ ...t 1009
Store A-Address Register . .......................... ... INDX
Store B-Address Register (One Address) ................ INDX
Store B-Address Register (Two Addresses) .............. INDX

Subtract (One Field) .......................... N
Subtract (Two Fields) ............ ... . ... ... ......

Suppress 3-Second Alarm ........ ... ... ... ... ... 1009
Suppress 3-Second Alarm and Branch ................. .. 1009
Tape-Punch Read-Back Check ......................... 1012
Translate .. ... . ... .. ... ..l TRAN
Translate with Word Marks .. ................... .. .... TRAN
Write .. ... . 7740
Write Binary Tape .. ........... ... ... i 7335
Write Data . ....... ... .. .. ... . . . DDC
Write Data with Word Marks . ... ...................... DDC
Write Disk Check ........... ... ... ... .. ... .......... 1301
Write Disk Check .. ... ... ... ... .. .. ... .. ... ... 1311
Write Disk Check with Word Marks . ................... 1301
Write Disk Check with Word Marks . ............. ... ... 1311
Write Disk Sectors .. .......... ... ... . .. ... ... ... 1301
Write Disk Sectors . ............. .. ... 1311
Write Disk Sectors with Word Marks .. ................. 1301
Write Disk Sectors with Word Marks ................... 1311
Write Disk-Track Record ............................. 1301

Mnemonic
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Instruction

Write Disk-Track Record . ............................
Write Disk-Track Record with Address ..................
Write Disk-Track Record with Address ..................
Write Disk-Track Record with Address with Word Marks . .
Write Disk-Track Record with Address with Word Marks . .
Write Disk-Track Record with Word Marks . .............
Write Disk-Track Record with Word Marks . .............
Write Disk-Track Sectors with Addresses ................
Write Disk-Track Sectors with Addresses ................
Write Disk-Track Sectors with Addresses with Word Marks .
Write Disk-Track Sectors with Addresses with Word Marks .
Write Disk with Sector-Count Overlay ..................
Write Disk with Sector-Count Overlay ..................
Write Disk with Sector-Count Overlay with Word Marks . . .
Write Disk with Sector-Count Overlay with Word Marks . . .
Write Line ........ ... ... ... ... .. ... .. ...
Write Line . ......... ... ... .. . .
Write Line .......... ... ... ... . . . .
Write Line and Suppress Space ........................
Write Line and Suppress Space ........................
Write Line and Suppress Space ........................
Write on Tape Punch ................................
Write on 1447 Console ... .............0..............
Write on 1447 Console with Word Marks .. ....... ... ... ..
Write Request ........... ... ... ... ... ... . ...
Write Request . ........... ... .. ... ... . . i
Write Request and Branch ............................
Write Request and Branch ............................
Write Tape ...t
Write Tape Mark . ............... ... ... ... .........
Write Tape with Word Marks . .........................
Write to1BM 1026 . ... ... ... .. ... ... .. ... .. ... ...
Write to 18M 1026 with Word Marks ....................
Write to Primary .............. P
Write to Primary with Word Marks . ....................
Write with Word Marks .. ............. ... ............

Zero and Add (One Field) ............................
Zero and Add (Two Fields) ...........................
Zero and Subtract (One Field) ........................
Zero and Subtract (Two Fields) .......................
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Mnemonic
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A-Address ............. e A-2
A-Address [1301] ........ ... ... .. ... i, F-3
A-Address [1311] ...ttt F-19
A-Address Register .. ............ ... ... ........... A-11
A-Register ............. . ... A-11
A-Register Error .......... . ... ... .. ... ... 0... A-8
Access Busy [1301] .............................. F-12
Access Busy [1311] .......... ... ... ... ... .. .... F-29
Access Inoperable [1301] ......................... F-11
Access Inoperable [1311] ......................... F-29
Access Motion Time [1301] ....................... F-13
Add (One Field) ............. .. ... ............... B-4
Add (Two Fields) ................................ B-3
Additional and Modified Instructions for 1009 Buffer .. H-53
Address Modification ............................. A-13
Address Operations [1301] ......................... F-9
Address Operations [1311] ........................ F-27
Address Registers ................................ A-11
Address Registers after Operation .................... A-3
Addressing . ...... ... ... A-8
Addressing System ................................ A-8
Alternate Code [1301] ... ... ... ... .. ... ........ F-1
Alternate Code [1311] ... ........ ... ... ... ....... F-16
Any Disk Condition [1301] ........................ F-12
Any Disk Condition [1311] ........................ F-29
Appendix ... I-1
Arith Error ... ... ... ... ... ... ... ... ... ... ... A-8
Arith Register ........... .. ... . ... . ... . ... A-11
Arithmetic ............. ... . ... .. ... .. . ... A-6
Arithmetic Instructions . ............................ B-3
Arithmetic Operations ............................. B-1
Arithmetic Operations .. ............................ 1-3
Assembled Instructions ............................ A4
Asterisk Protection [Edit] ......................... H-12
Attention Response {77401 ........................ G-27
Attention Response and Branch [7740] .............. G-27
Auto Select [12311 ... .ooooroeo G-31
Automatic Error Correction [1012] ................. E-20
B-Address .............. O, A-2
B-Address [1301]1 ........ ... ... ... ... F-3
B-Address [1311] ............ ... ... ... ........... F-19
B-Address [1403] ............ ... ... ... ... .. ..., D-3
B-Address [1442] ... ........ . ... ... ..., D-10
B-Address [1443] .............. .. ... ... D-21
B-Address [1447] ... ... ... . C-1
B-Address Register ............................... A-11
B-Cycle [Tran] ............ ... ... v, H-49
B-Register ........... ... . ... ... A-11
B-Register Error ............. ... ..... ... ... ...... A-8
Backspace Tape [1012] .......................... E-13
Backspace Tape and Branch [1012] ................. E-13
Backspace Tape Record [7335] ........... e E-3
Basic Disk Operations [1301] .......... e F-2
Basic Disk Operations [1311] ...................... F-17
Bid Operation [1026] ............................ G-44
Bit Test [Bit] ......... .. ... ... .. .. . H-1
Branch if Access Busy [1301] .................... .. F-11
Branch if Access Busy [13111 ...................... F-29
Branch if Access Inoperable [1301] ................. F-11
Branch if Access Inoperable [1311] ................. F-29
Branch if Account-Number-Field Ind. On [1412] ..... G-12
Branch if Amount-Field Indicator On [1412] ......... G-11
Branch if Any Disk Condition [1301] ............... F-11
Branch if Any Disk Condition [1311] ............... F-29

Index

Branch if Arithmetic Overflow ...................... B-7
Branch if Attention 1009 ......................... H-55
Branch if Attention-Signal Indicator On [7740] ...... G-27
Branch if Auto Select [1231] ...................... G-29
Branch if Bit Equal [Bit] .......................... H-1
Branch if Buffer Busy [1026] ...................... G-47
Branch if Buffer Busy {1447] ...................... H-63
Branch if Buffer Full [1231] ....................... G-29
Branch if Buffer Service [1009] ................... H-55
Branch if Channel 9 {1403] ........................ D-4
Branch if Channel 9 [1443] ....................... D-23
Branch if Channel 9 [1445] ....................... D-32
Branch if Channel 12 [1403] ..... ... ... ........... D-6
Branch if Channel 12 {1443] ...................... D-24
Branch if Channel 12 [1445] ...................... D-32
Branch if Character Equal ......................... B-8
Branch if Data Transmission Ended [7740] .......... G-27
Branch if Disk Error [1301] ....................... F-11
Branch if Disk Error [1311] ....................... F-29
Branch if Document-Space-Check Ind On [1412] ... .. G-13
Branch if Early Waming [1448] ................... G-24
Branch if End of Block [1448] .................... G-23
Branch if End of File [1285] ...................... G-40
Branch if End of Line [1285] ..................... G-40
Branch if End of Reel [7335] ...................... E-5
Branch if End of Transmission [DDC] .............. H-4
Branch if Equal Compare (B=A) .................. —B-7
Branch if Error [1285] .......... ... ... ... ...... G-40
Branch if Header Information [1285] ............... G-40
Branch if High Compare (B>A) ................. .. B-7
Branch if Hopper Empty [1231] ................... G-30
Branch if in Backspace Operation [1012] ............ E-14
Branch if Indicator On .. ........................... B-7
Branch if Indicator On [DDC] ..................... H-4
Branch if Indicator On [1009] ...................... G-5
Branch if Indicator On [1009] ..................... H-54
Branch if Indicator On [1285] . .................... G-40
Branch if Indicator On [1301] ..................... F-11
Branch if Indicator On [1311] ..................... F-29
Branch if Indicator On [7740] .. ...... ... .......... G-27
Branch if Indicator On Instructions [EXPS] ... ....... H-20
Branch if Input/Output Indicator On [1011] ......... E-10
Branch if Inquiry Clear [1026] .................... G-48
Branch if Inquiry Clear [1447] ..................... C-3
Branch if Inquiry Request [1447] ................... C-3
Branch if Last Card (First Reader Punch) [1442] ... .. D-13
Branch if Last Card (Second Reader Punch) [1442] .. D-13
Branch if Late-Read Indicator On [1412] ............ G-10
Branch if Low Compare (B<<A) ................... B-7
Branch if Marked Line [1285] .. ................... G-40
Branch if Minus . ............ ... .. ... ... ... .. ... .. B-9
Branch if NoZone .......... ... .. ... c.cciiein.. B-9
Branch if Operational Out [EXPS] ................. H-22
Branch if Paper-Tape Reader Ready [1011] .......... E-11
Branch if Primary-Control Indicator On [EXPS] ...... H-22
Branch if Primary-Read Indicator On [EXPS] ...... .. H-20
Branch if Primary-Sense Indicator On [EXPS] ....... H-21
Branch if Primary-Write Indicator On [EXPS] ....... H-21
Branch if Printer Busy [1403] ...................... D4
Branch if Printer Busy [1443] ..................... D-23
Branch if Printer Busy [1445] ... .................. D-32
Branch if Printer-Carriage Busy [1403] .............. D-4
Branch if Printer Error [1403] . ... .................. D-4
Branch if Printer Error [1443] ..................... D-23
Branch if Printer Error [1445] .................... D-31




Branch if Process Check [DDC] .................... H-4

Branch if Process-Control Indicator On [1412] ........ G-11
Branch if Process Error ............................ B-7
Branch if Punch Error [1442] ..................... D-13
Branch if Punch Error [1444] ..................... D-28
Branch if Read-Check Indicator On [1412] .......... G-10
Branch if Read Data [DDC] ....................... H-4
Branch if Read Error or Overrun Detention [1231] ... G-30
Branch if Read-Not-Ready Indicator On [1412] ...... G-10
Branch if Read Request [DDC] . .................... H-4
Branch if Reader Error [1442] .. ................... D-12
Branch if Reader Ready [1285]) .................... G-40
Branch if Reader Ready to Read a Line [1285] ....... G-40

Branch if Reader Transporting [1285] .............. G-40
Branch if Receive End of Message or

Initial Inquiry [1009] .......................... H-55
Branch if Receive-Request Indicator On [7740] ...... G-27
Branch if Receive (EoF) [1009] ................... H-55
Branch if Receive Error [1009] .................... H-55
Branch if Reply Bad {1009] ....................... H-55
Branch if Reply Good [1009] ...................... H-55

Branch if Request-Service Indicator On [1026] ......... G-47
Branch if Sense Switch On [SS] .............. B-7, H-40

Branch if Successful-Completion Indicator On [7740] .. G-27
Branch if System A Stopped [DDC] ................ H-4
Branch if Tape Error [7335] ....................... E-6
Branch if Tape Punch Not Ready to Accept Data [1012] E-14
Branch if Tape Punch Not Ready to Read [1012] ... .. E-15
Branch if Tape Punch Overextended [1012] .......... E-15
Branch if Tape Punch Ready [1012] ................ E-14
Branch if Time-Emitter Indicator On [1026] ......... G-48
Branch if Timing-Mark Check [1231] ............... G-30
Branch if Transit-Routing-Field Indicator On [1412] .. G-12
Branch if Transmission Error Indicator On [EXPS] .... H-20
Branch if Unequal-Address Compare [1301] .......... F-11
Branch if Unequal-Address Compare [1311] ......... F-29
Branch if Word Mark ............................. B-9
Branch if Word Mark or No Zone ......... e B-9
Branch if Word Mark or Zero Zone .................. B-9
Branch if Word MarkorZone ....................... B-9
Branch if Word Markor 11 Zone .................... B-9
Branch if Word Mark or 12 Zone ................ ... B-9
Branch if Write Data [DDC] ...................... H-4
Branch if Write Request [DDC] .................... H-4
Branch if Wrong-Length Record [1301] ............. F-11
Branch if Wrong-Length Record [1311] ............. F-29
Branch if Zero Zone .. ....... ... ... ... ... .. .... B-9
Branch if 1009 Ready [1009] ...................... H-55
Branch if 11 Zone ................................ B-9
Branch if 12 Zone . ........... ... ... ... ... .. ... .... B-9
Branch if 1231 Ready to Read [1231] .............. G-29
Branch Instructions [DDCY} ........................ H-4
Branch if Supply-Reel Low or Chad-Box Full [1012] .. E-16
Branch Unconditional ............................. B-7
Buffer Full [1231] .. ...ooooro G-31, G-32
Card Image Feature [1442] ....................... H-59
Card Read-Punch Instruction Format [1442] .... ... .. D-10
Carriage Speed [1443] ......... .. ... ............ D-25
Chaining . .. ... 0 A-3
Chaining Instructions ............................. A-11
Character Registers .............................. A-11
Clear Storage ........... ... B-16
Clear Storage and Branch ................... ... .. B-16
Clear Word Mark (One Address) ................... B-16
Clear Word Mark (Two Addresses) ................. B-15
Clearing Storage after Read Errors [1412] ........ ... G-14
Coded Halt . ...... ... ... .. ... ... . ... ... ........ B-18
Combined Reading and Punching

(1442 Models 1and 2) ......................... D-19
Compare ... ....... . B-9
Complement Add ............. ... ... ... . ... . ... B-2
Conditions that Interrupt the Feed Call [1412] . ... ... G-16

L-2

Console Instruction Format [1447] .................. C-1
Console Panel, 1iBM 1009 Buffer Feature ............ H-52
Console Printer Timing ............................ C-4
Continuous Feed Mode [1231] ..................... G-31
Control Carriage {14031 .. .......... ... ... .. ... .... D-6
Control Carriage [1443] .......................... D-24
Control Carriage [1445] .......................... D-33

Control Carriage (Selective Tape Listing

Feature) [1403]1 ....... ... .. .. ... ... ... ...... H-58
Control Command [EXPS] ........................ H-16
Control Operation [EXPS] ........................ H-15
Control Request [7740] .. ... ... ... .. .......... G-27
Control Request and Branch [7740] ................ G-27

Core Sector Address [1301] ......................... F-1

Core Storage Area Assignment ..................... A-10
D-Character . ................ ... A-2
D-Character [1301] . ......... ... ... ... ... ... .... F-4
D-Character [1311] ..... ... ... ... ................ F-19
D-Modifier Character [1403] ............. ... ....... D-3
D-Modifier Character [1442] . ... .. ............... D-10
D-Modifier Character [1443] ...................... D-21
D-Modifier Character [1447] ................ ... .... C-1
Data Control Operations . ......... .................. 1-3
Data Field Addressing ............................ A-9
Data Flow [1403) . ... ... ... ... ... ... .. ... ...... D-1
Data Flow [1412] ....... ... ... ... ... ... ... ... .... G-7
Data Flow [1442) .. ... ... ... ... ... ... ... .. ....... D-9
Data Flow [7335] ........ ... ... ... ............. E-1
Data in Storage [1412] ..... .. ... ... .. .. .. ... .. .. G-14
Data Moving Instructions ......................... B-11
Data Moving Operations .......................... B-11
Data Stored with Read Error Conditions [1412] ... ... G-15
Data Stored Without Read Errors [1412] ... ......... G-14
Decimal Control [Edit] ........................... H-13

Declarative and Assembler Control Statements ... ...... 1-2

Decode to a Table Address [1012] .......... ... ... E-17
Decreasing an Address [INDX] ..... ... ... ... ... H-29
Delayed Form-Movement Operation [1443] ... ... . .. D-26
Determining the 1412 Feeding Rate [1412] ..... ... .. G-16
Diagnostic Read [7335] ... ...... ... .............. E-4
Direct Data Channel [DDC] . ... ............. ... ... H-2
Direct-Data-Channel-Interrupt [1448] .......... . ... G-24
Direct Seek [DRSK] ................ ... .......... H-11
Direct Seek Timing [DRSK] ...................... H-12
Disable Interrupt [EXPS] ......................... H-19
Disable Interrupt [1026] ... .......... ... ......... G-46
Disable Interrupt [1448] ......................... G-22
Disable Interrupt and Branch [EXPS] ......... ... .. H-19
Disable Interrupt and Branch [1026] .. .. ... ..... ... G-46
Disable Interrupt and Branch [1448] ............... G-23
Disengage MICR Reader [1412] .. .................. G-7
Disk Control Field [DRSK] ................... . ... H-11
Disk Control Field [1301] .......................... F-1
Disk Control Field [1311] ........................ F-16
Disk Error [1301] . ... ... ... ... ... .. ... .. ... ... F-11
Disk Error [1311] ...... ... ... ... .. ... .. ....... F-29
Disk Operations .. ......... ... ... .. ... .. ... ... 1-5
Disk-Sector Address [1311] ............. ... ... ..... ~ F-16
Disk-Storage Input/Output Operations ............... F-1
Divide [MD] .. ..0\ooooo H-33
Divide Subroutine (MD] ... ... .. ... .. ... ... ... H-35
Document Spacing Error [1412] .. ........... .. .. .. G-138
Documents in Flight [1412] ..... ... ... ... ... .. .. G-18
Dummy Seek to Cylinder 00 [1311] .. .. ... ... ... ... F-32
Edit Operations ................................. B-19

Editing .. ..... ... ... ... .. AT

Editing Rules . ... .. ... .. ... ... ... ... ... ..... B-19
Enable Interrupt [EXPS] ..................... .... H-18
Enable Interrupt [1026] .......................... G-45
Enable Interrupt [1448] .......................... G-22
Enable Interrupt and Branch [EXPS] .............. H-19



Enable Interrupt and Branch [1026] ................ G-45
Enable Interrupt and Branch [1448] .. .............. G-23
End of Message (Receive) [1009] .................. G-5
End of Message (Transmit) [1009] ................. G-5
End of Record Routine {1012} ... .................. E-19
End of Reel Routine [1012] .. ... .................. E-21
End Response [EXPS] ........................... H-16
End Response [7740] ....... ... ... ... ............ G-27
End Response and Branch [7740] .................. G-27
Ending of Operation [1009] ....................... H-52
Engage Line [1412) . ... .. .. ... .. ... .. ... ...... G-13
Engage MICR Reader [1412] . ... ... ............... G-7
Evaluation of Input [7770] .................. G-34, G-35
Example .. ... ... ... ... ... A-4
Expanded Disk-Storage Control [EXDK] ............ H-12
Expanded Print Edit (Edit] ....................... H-12
Expanded Serial Input/Output Adapter [EXPS] ... ... H-14
Feature Operation [EXPS] .. ...................... H-25
Feed Call [1412] .. .. ... . ... .. ... ... ... ... ....... G-16
First A-Cycle [Tran] . ..... ... . ... . ............. H-49
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Re: Form No. A24-1499-1
A24-1421-2
This Newsletter No. N24-0354

Date: November 5, 1965

Previous Newsletter Nos. N24-0314 (1419)
N24-0316 (1412)

This newsletter provides additional operating information for the IBM 1412 or
IBM 1419 when attached to the IBM System/360.

POWER ON - POWER OFF

A system-error condition will result if power to the 1412/1419 is turned on or
off while the System/360 is in operation. The following procedure must be used
when power is turned on or off on the 1412/1419:

Stop the CPU by pressing the stop key on the CPU console,
. Set the rate switch on the CPU console to SINGLE CYCLE.
Press the start key on the CPU console.

Turn power on or off on the 1412/1419,

. Set the rate switch back to the process position.

. Press the start key to resume operation,

@C‘I:POO[\DH

CHANNEL LINE TERMINATION

If the 1412/1419 is physically the last device on the channel (that is, the channel
line terminators are located in the 1412/1419), power to the 1412/1419 must be
on continuously whenever the System/360 is operating. The 1412/1419 can be
operated in any one of the three available modes.

SORT MODE SELECTION

Changing the 1412/1419 from one mode to another can be done with the System/
360 in operation, provided the program in process is not using the 1412/1419,
Changing the mode of the 1412/1419 while the CPU program is communicating
with the 1412/1419 may cause a System/360 error condition.
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IBM Technical Newsletter File No. 1440-01
Re: Form No. A24-3116-3

This Newsletter No. N24-0392

Date: December 30, 1966

Previous Newsletter Nos. None

Replacement pages for System Operation Reference Manual, IBM 1440 Data
Processing System, Form A24-3116-3,

To bring your publication up to date, please replace the following pages with the pages
attached to this Newsletter. Changed figures are designated by a bullet (@) to the left
of the figure title. Changes to text are indicated by a vertical line ( |) next to the
affected text.

G37, G38
G39, G40

G41, G42
G42.1, G42.2

Please insert this page to indicate that your publication now includes the modified
pages issued with this Technical Newsletter.
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