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Preface

This publication is a portion of the reference text for
the 18m 1401 and 1460 Data Processing Systems. The
full set of manuals provides a detailed explanation of
all the instructions used by the system to manipulate
data. Detailed explanations of the instructions used
with the required and available input/output units at-
tached to the system are also included. The reader
should be familiar with the IBM 1401 System Sum-
mary, Form A24-1401, or the IBM 1460 System Sum-
mary, Form A24-1496, and the various publications on
programming material, such as Symbolic Programming
System (SPS) and Autocoder.

The complete manual is divided functionally into
these sections:

System Operation Reference Manual ( A24-3067)

Section A Introduction
Section B System Operations
Section C 1BM 1406 Operations

Section D 1BM 1447 Operations
Section E 1M 1402 and 1403 Operations

Major Revision, November 1964

This publication, Form A24-3071-2, is a major revision of A24-
3071-1. It does not, however, obsolete the previous publication.
The added material includes the instructions for the special
features on the 1M 1402, 1403, and 1009 when these units are
used with the 1BM 1401 or 1460 Data Processing System,

Tape Input/Output Instructions (A24-3069)
Section F Tape Input/Output Operations

Disk Input/Output Instructions (A24-3070)
Section G Disk Input/Output Operations

Miscellaneous Input/Output Instructions (A24-3068)

Section H Miscellaneous Input/Output Oper-
ations

Special Feature Instructions (A24-3071)
Section I Special Feature Operations

The sections are independent and do not have to be
used in the order in which they appear. A System
Reference Library can be compiled using those sec-
tions applicable to the user’s machine configuration.

This publication is intended for programmers and
systems personnel who have a general knowledge of
the 1BM 1401 or 1460 Data Processing Systems and who
require a reference text for detailed information.

Other publications referenced here are, in most
cases, prerequisites for a complete understanding of
the material presented in this publication.

Copies of this and other 1BM publications can be obtained through 1M Branch Offices.

Address comments concerning the content of this publication to 1M Product Publications, Endicott, New York 13764.

Reprinted March 1966

© 1960, 1961, 1962, and 1963 by International Business Machines Corporation
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Adapter, 51-Column Feed (1401, 1460)

This feature is required when the 51-column inter-
changeable-read-feed special feature is installed on the
M 1402 Card Read-Punch, Model 1, for the 1401
system or the 1BM 1402, Model 3, for the 1460 system.

The adapter furnishes the controlling circuitry neces-
sary for the proper operation of the 51-column read-
feed special feature.

For more detailed information on the 51-column
interchangeable-read-feed special feature refer to m™M
1402 Card Read-Punch, A24-3072.

Advanced Programming (1401)

The advanced-programming feature provides the 1401
system with greater program flexibility, by making
address indexing, address storing, and record move-
ment more automatic. The various parts of the ad-
vanced programming feature and their method of oper-
ation are described in this section.

Indexing

The indexing portion of the advanced-programming
feature provides three 3-position index locations (regis-
ters) that can be used to modify addresses automati-
cally. These three index registers are part of core
storage and can be used as normal storage positions
when not being used as index-register locations. The
assigned core-storage addresses and index register
numbers are:

Index-Register No. Core-Storage' Positions

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

The index factor can be placed in the index register
by normal programming (add or move operations, for
example) and the factor can be changed (add opera-
tions normally). In these instances, a word mark should
be initially set in the high-order position of the index
register before inserting or changing the index factor.

Both the A-address and/or the B-address can be
modified by the index factor in any one of the three
index registers; however, only core-storage addresses

can be modified.

Special Features

The A- and/or B-address specifies which index reg-
ister will 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 No. 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
contains one of these zone-bit combinations, the ad-
dress is referred to as being tagged.

Positions Tagged
)

OP AAA BBB

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.

When a program is written using the symbolic pro-
gramming system, indexing is indicated by writing a
1, 2, and 3 in the index column of the symbolic coding
sheet (cc27 for (A) operand—cc38 for (B) operand).

Digit Result
1 Index operand by contents of 087-089
2 Index operand by contents of 092-094
3 Index operand by contents of 097-099

The (A) and (B) operands can be symbolic of actual
addresses. In the processing of instructions:

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) are added to the contents of the address
register and develops the effective address there,
when indexing is indicated.

3. Three or four additional cycles are required for
each address indexed.

Increasing an Address

To increase a core-storage address using the indexing
feature, the contents of the index location are added to
the selected address register. Figure I-1 illustrates vari-
ous methods of address modification using the index
locations.

I-1



INSTRUCTION | INDEX LOCATION EFFECTIVE
IN STORAGE 1 2 3 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 0s0 17 0101025 | 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 I-1. 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 16000 — 10 (15990)
(Complement)

The 15990 converts to the 3-digit factor 197 (Fig-
ure I-2).

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 15000-15999
block address). The addition of the A-bit increases the
value of the zone bits to 16 which, according to
modulus 16, has an address value of 0 (000-999 block
address). 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 advanced-
programming special feature makes 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 rec-
ords are being processed. This facility also makes it

INSTRUCTION INDEX LOCATION EFFECTIVE
IN STORAGE 1 2 3 INSTRUCTION
BEFORE L 123 977 19?
e ]
AFTER L 123 917 197 - L 123 927
937 + 19?2 = 927 (with overflow)
I = (AB9)
? = (ABO)
Figure 1-2. Converting Address
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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 particuler 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 Register

Instruction Format.

A-address
XXX

Op Code
Q

Mnemonic
SAR

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 =.0115 (L; 4+ 5) ms.

Address Registers After Operation.

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

B-Add. Reg.
Ap




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 posi-
tion defined by the A-address of the sTORE B-ADDRESS
REGISTER instruction.

Word Marks. Word marks are not affected.

Timing. T = .0115 (L; + 4 or 5*) ms.

* Plus 4 or 5 depends on the presence or absence of zone bits
in the units position of the address being stored.

Note. When indexing is installed in the 18M 1401, the function-
ing of all branch instructions is altered to simplify subroutine
linkage. With these alterations, each time a branch occurs as
a result of one of these instructions, 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-
tinct points in the main program, this use of the sBr operation
makes the subroutine linkage complete.

Address Registers After Operation.

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

Example. The main routine branches to a multiply
subroutine labeled MULTRU (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 I-4). The last instruction
(labeled LAST) plus three will contain the address
of the next instruction in the main routine.

Example. Store the contents of the A-address register  SPS
. RAN|
in area labeled AADRG (0625), Flgure 1'3. LIKE [couNT LABEL “)OPE?D Py P o ”“:“ prvn e
3 sle 748 13]ia 1817 AooRess & A0, 257 Aooneas 5_‘ ADJ. lEl 39
ool | .. |B L MULTRUL ! ., P B %
SPS 0,2,0 | (A s e ——t—
LI @ wrcame eoel |, GBIRILAST. . . & A
s LMO:W':. LaseL e L:J o ’31 AboRess I:’-‘l o g: : 4.0 ‘,“‘W"’."—W%—. T .v.—i—i T
oviel 1o SARIAADRG, | | | | i bt — B A B
Avtocoder
Autocoder Label 'Eperuﬁﬁ‘ . » . w0 OPERAND
Lobel perati 30 s © o:,.ERAND 5o A -V} HUATRU | o ooievo o va s v
|.. ..I,L’A/? lﬁADRﬁ....‘ R DT s S S o e iy
BR . [LAST+3 . . P
A S S s B S s/ i e S S e S A S e
Assembled Instruction: @ 625 LAsT . . .. L -
|
Figure 1I-3. Store Contents of A-Address Register Assembled Instruction: B 495
H (address machine-assigned)
B (address in main routine
following the B 495 instruction)
Figure I-4. Store Contents of B-Address Register (One Field)
Store B-Address Register (One Field)
Store B-Address Register (Two Fields)
Instruction Format.
) Instruction Format.
Mnemonic Op Code A-address
SBR H XXX Mnemonic Op Code A-address B-address
- SBR H XXX XXX

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-
address portion of the STORE B-ADDRESS REGISTER
instruction.

Word Marks. Word marks are not affected.

Timing. T = .0115 (L; + 4 or 5*) ms.

* Plus 4 or 5 depends 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 Bp

Example. Store contents (456) of the B-address register
in the area labeled BADRG (123), Figure I-5.

SPS
(A} OPERAND {8} OPERAND
LINE  [COUNT LABEL CHAR. g' CHAR. | g d
3 1.30] 7]e 13l1a (04 Hooress : A0 ;" 29 Aoomess I:‘Ql ADJ. 3-. 39
ool 1. ... ISBRIBADRG, | 456, 11
Autocoder
Lobe! perati OPERAND
15 1 25 30 38 40 L1 80
L. IS8R AD.RG.;‘»‘&G. N
Assembled Instruction: H 123 456

Figure I-5. Store Contents of B-Address Register (Two Fields)
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Move Record (1401; Standard on 1460)

The move record portion of the advanced-program-
ming special feature provides a special MOVE instruc-
tion that makes it possible to move a complete record
from one storage area to another, without regard to
word marks within the record. This instruction is espe-
cially desirable in magnetic tape operations.

This feature is standard on the 1460 system.

Move Characters to Record or Group Mark

Instruction Format.

Mnemonic Op Code A-address B-address
SPS MCM P XXX XXX
A MRCM

Function. This operation code makes it possible to
move an entire record from one core-storage area
to another, regardless of the presence of word marks
in either field. The A- and B-addresses specify the
high-order position of the respective areas. Trans-
mission starts from the high-order addresses, and
continues until a record mark (A82 bits) or a group-
mark with a word-mark (WMBAGS8421 bits) is sensed
in the A-field. The record mark or group mark
transfers to the B-field.

Word Marks. Word marks within the area do not affect
the MOVE CHARACTERS TO RECORD OR GROUP MARK

operation. Any word marks in the B-field remain
unchanged. A-field word marks are not transmitted
to the B-field.

Timing. T=N* (LI + 1+ 2LA) ms.
* N =.0115 on 1401 system;
* N =.006 on 1460 system

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI A+La B+La
(The length of the A-field

includes the group-mark
with a word-mark or rec-
ord mark)

Example. Move the tape record that has its high-order
character in the location labeled TARCIN (0679) to
another area of core storage beginning at the label
WTAREC (0985), Figure 1-6).

SPS
(&) OPERAND (8) OPERAND
une |count LABEL OPERATION| NIECAE o] cmn [g|d
3 sle 7]s 3ha efir Hoonees :) 203 ferize Aoomess sal % lals)
ool C:fi‘j‘A.R.C.lN oL WIrAREC . 111
Avtocoder
Lobel perati OPERAND
'
RCIN,WIAREC . oo

Assembled Instruction: P 679 985

Figure I-6. Move Characters to Record or Group Mark




Binary Transfer (1460)

This special feature makes it possible to process cards
and magnetic-tape data recorded in column-binary
form. This provides compatibility between the 1BM
1460 and 1BM scientific data processing systems, such
as the M 704, 709, and 7090.

Auxiliary operations that can be performed for large-
scale binary systems are:

Card-to-tape.
Tape-to-card
Tape-to-tape
Card-to-card
Card-to-printer
Tape-to-printer

Tape sorting, editing and merging

® 1> ok L b

File maintenance

This special feature is the same as the column-binary
special feature on the 1401, with one exception. The
binary transfer special feature does not have the
BRANCH IF BIT EQUAL instruction as does the column-
binary feature. For more detailed information on this
feature, refer to the Column Binary section of this
publication. Replace 1401 timing (.0115) with 1460
timing (.006) in all instructions.

Bit Test (1401, 1460)

This special feature is available on both the M 1401
and 1460 systems. It is a BRANCH instruction that causes
the character located at the B-address to be compared,
bit by bit, with the d-character. If any bit in the char-
acter located at the B-address matches any bit in the
d-character, the program branches to the specified I-
address (WM and C-bits are not compared).

For more detailed information on the bit-test special
feature, refer to the BRANCH IF BIT EQUAL instruction in
the Column Binary section of this publication. Replace
1401 timing (.0115) with .006 for 1460 timing.

Column Binary (1401)

This feature makes it possible for the sy 1401 Data
Processing System to process column-binary-coded
cards and magnetic tapes used with 1BM scientific data
processing systems such as the 1M 704, 18M 709, and
M 7090.

The reading, writing, and logic operational facilities
of the 1401 can be used to process the binary-coded
data.

The operation codes and instructions described in
this section are used whenever:

1. The information to be read or written is in binary
cards or binary-coded tapes.

2. There are invalid multiple punches in cards con-
taining the standard 1Bm card code. This means that
cards, coded with several punches in one column,
that were designed for other machines can be en-
tered by using this feature.

Read Column Binary

Instruction Format.

Mnemonic Op Code d-character
SPS R 1 C
A RCB -

F'unciion. This instruction causes the card at the read
station to be read into the 1401 in the binary mode.
During the reading of a card, the read cycle is
divided into two parts, and three different areas in
storage receive the data. Card cycle 9 through 4
time uses the normal read addresses 001-080, and
column-binary-read area addresses 501-580. The
other portion of the card cycle (3-12 time) uses ad-
dresses 001 through 080, and 401 through 480. Note
that storage locations 001-080 are common read-in
locations for both halves of the read cycle.

At the completion of this read operation a BCD
coded image of the card is stored in addresses 001
through 080, just as in normal card reading. The
portion of the card that contains column-binary in-
formation appears as hash in the corresponding ad-
dresses 001-080, and the portion of the card that
contained alphamerical characters is stored in BCD
code in addresses 001 through 080. Storage addresses
401-480 and 501-580 contain the true card image. In
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BCD CODE PUNCHES IN CARD COLUMN

Storage o}
B 12
Addresses A 11
8 0
401-480 4 1
2 2
1 3

Storage C
B 4
Addresses A 5
8 6
501-580 4 7
2 8
1 9
Storage C 12
B 11
Addresses A 0
8 1

4
001-080 2 2
1 3
4
(BCD equivalent of the card 5
punches if alphamerical, 6
hash if true binary.) 7
8
9

Figure I-7. BCD Code and Column Binary Punches

these areas all alphamerical characters and all col-
umn-binary information appear as illustrated in
Figure 1-7,
If, for example, the following information is re-
corded in a binary card and appears in core storage:
Card-column 1 contains an 18M card-code H which
is represented by a 12-punch and an 8-punch.

Storage Locations Contains
001 BAS8
401 B
501 2

Card-column 2 is part of a binary field and con-
tains punches in rows 12, 0, 1, 3, 4, 5, 6, 7, and 9.

Storage Locations Contains
002 hash
402 CB841
502 BA841

Word Marks. Word marks are not affected.
Timing. T = 0115 (I;+ 1) ms+1/0.

Note. The READ COLUMN BINARY instruction (1C) cannot be
combined with any other operation.
Read checking of input data is unchanged, except for the
validity check, which is not performed because all characters
read are considered valid.

Address Registers After Operation.

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

B-Add. Reg.
481

I-6

Example. Read the card at the 1BM 1402 read station in
the column-binary mode (Figure I-8).

SPS
(A) OPERAND (8) OPERAND
LINE COUNT LABEL + CHAR, = + CHAR, 3 d
3 sls 78 wlia 1e|ir roomess sal A% fovfae Anones sal A% [a]se
o, 1,0 R T : L T C!
Autocoder
Lobel perati OPERAND
I 28 30 3 40 & 0%
e ..., .. IRCS i N

Assembled Instruction: 1 C

Figure I-8. Read Column Binary

Read Column Binary and Branch

Instruction Format.

Mnemonic Op Code I-address d-character
SPS R 1 XXX C
A RCB -

Function. This is the same as READ COLUMN BINARY, ex-
cept that the next instruction is at the I-address.

Word Marks. Word marks are not affected.

Timing. T = 0115 (L;+ 1) ms + I/O.

Note. The READ COLUMN BINARY AND BRANCH instruction
(1xxxC) cannot be combined with any other operation.
Read checking of input data is unchanged, except for the
validity check, which is not performed because all characters
read are considered valid.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI BI

B-Add. Reg.
481

Example. Read the card at the read station in column
binary mode, and branch to BININ (0922) for the
next instruction (Figure 1-9). '

SPS
(A) OPERAND (8} OPERAND
LINE  [COUNT LABEL 4| cnar [g «| cuan [g d
3 sle 7le 3]s 4 rovhess P i 2 I AovRess P e FIET
0,10 L ININ - . i’d
Autocoder
Lobel rati OPERAND
I 1 30 35 40 L] 50
1. IRCR IBININ i NP

Assembled Instruction: 1 922 C

Figure I-9. Read Column Binary and Branch



Punch Column Binary

Instruction Format.

Mnemonic Op Code d-character
SPS P 4 C
A PCB -

Function. This instruction, executed in two parts, re-
quires that the information be stored in two different
areas. Information that is to be punched in rows 12-3
(card columns 1-80) is stored in locations 401-480.
Rows 4-9 of the card (columns 1-80) are punched
from storage locations 501-580.

Using the same data shown in the REaD coLUMN
BINARY example, the card is punched:

Storage Locations BCD Punches
401 B 12
501 2 8

This combination causes the H to punch in card
column 1.

Card column 2 is punched in rows 12, 0, 1, 3, 4, 5,
6, 7, and 9 as transferred from:

Storage Locations BCD Punches
402 CB841 12,0,1,3
502 BA841 4,5,6,7,9

Word Marks. Word marks are not affected.

Timing. T = 0115 (L;+ 1) ms+ I/O.

Note. The pPuNcH COLUMN BINARY instruction (4C) cannot be
combined with any other operation. The punch checking of
output data is unchanged.

Addpress Registers After Operation.
I-Add. Reg. "A-Add. Reg. B-Add. Reg.
NSI dbb 181

Example. Punch the card at the punch station in the
column-binary mode (Figure I-10).

SPS
(A) OPERAND (B} OPERAND

LINE  {COUNT LABEL 4| o |g ADDRESS +| oman [g d
3 sl 7fe 131 (304 ronRess MBS Lar]ae sl A i
0,1,0 il . . : L
Autocoder

Lobel rati OPERAND

6 15 pe aizl 25 30 35 40 45 80
%

. il ECA . i s

Assembled Instruction: 4 C

Figure I-10. Punch Column Binary

Punch Column Binary and Branch

Instruction Format.

Mnemonic Op Code I-address d-character
SPS P 4 XXX C
A PCB

Function. This is the same as the PUNCH coLUMN
BINARY instruction, except that the next instruction is
taken from the I-address.

Word Marks. Word marks are not affected.

Timing. T =.0115 (Ly+ 1) ms + 1/0.

Note. The PUNCH COLUMN BINARY AND BRANCH instruction
(4xxxC) cannot be combined with any other operation. The
punch checking of output data is unchanged.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI BI 181

Example. Punch a card in the column-binary mode,
and branch to BINCD (0986) for the next instruction
(Figure I-11).

SPS
(A] OPERAND (81 OPERAND
LINE | COUNT LABEL o] oun g +] ome g4
3 8l6 7]e 1314 18|y rovress 23 Au. IE' 28 rooess |,‘| Ao, :-C a9
ool o |, P TIBINCD VYL U Cl
Avtocoder
Lobel perati OPERAND
35 40 45 50

1
s PCA . 1BINLD

.........

Assembled Instruction: 4 986 C

Figure I-11. Punch Column Binary and Branch

Branch if Bit Equal

Instruction Format.

Mnemonic Op Code  I-address B-address d-character
BBE w XXX XXX b3

Function. The d-character can contain any character or
any combination of bits (BA 8421) that can exist in a
single position of the 1401 core storage. If the char-
acter at the B-address contains any bit that matches
any bit in the d-character, the program branches to
the I-address. Otherwise, the program continues
normally.
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Word Marks. Word marks are not affected.

Timing. T =.0115 (L; +2) ms

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI BI B-1

Example. Examine the storage location labeled UNPOS
(0759) for a match in the d-character bit configura-
tion. The d-character is a 9 (8- and 1-bits). There-
fore, if the character contains either an 8- or 1-bit,
the program branches to BITEST (0985), Figure
1-12.

(A} OPERAND {9) OPERAND

LINE | COUNT LABEL + CHAR.

o AN

CHAR.
[LYY

UNPBS 1.

ADORESS

A BBEBITEST

ADDRESS

% 1np.
A

*
3 sle __7ls 34

T Tg e,

Avutocoder

Lobe! rati

L E

! _30 36
{ T.EST.’\DNPDS 29, .

PV S P S TS

Assembled Instruction: W 985 759 9

Figure I-12. Branch if Bit Equal

Binary Tape Instructions

Column-binary information should be recorded on
magnetic tape in its logical order. To do this it is nec-
essary to arrange the data from storage locations 401-
480 and 501-580 in the following sequence in a tape-
write area:

Address 401 followed by 501, followed
by 402, 502, etc., until the entire area
is so arranged.

This puts the 12-3 data next to the 4-9 data from the
same card column, in the proper sequence for writing
on tape.

This arranging can be done automatically by a MovE
AND BINARY DECODE instruction.

Conversely, data read from a tape unit can be ar-
ranged as a card image with 12-3 punches in the 401-
480 area and 9-4 punches in the 501-580 area. The
MOVE BINARY CODE operation performs this function.

Column-binary information must be written on mag-
netic tape in the odd-parity mode. This means that an
odd number of bits must be recorded in each position
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of the tape record. The WRITE BINARY TAPE and READ
BINARY TAPE instructions cause the data to be recorded
in this manner.

Move and Binary Decode

Instruction Format.

Mnemonic Op Code A-address B-address d-character
SPS MCW M XXX XXX A
A MBD -

Function. This instruction arranges data in the correct
order for tape writing. The A-address is usually 572
or 580, depending on whether the card has 72 or 80
columns of binary data. It specifies the units or low-
order position of the record. The B-address specifies
the low-order position of the area in core storage
from which the record is to be written on tape by a
WRITE BINARY TAPE instruction. The d-character spec-
ifies that this is a move and binary decode operation.

At the completion of this operation, the tape-write
area (B-address) contains the data from both the
401-480 and 501-580 areas in this sequence:

401, 501, 402, 502, 403, etc.

Word Marks. A word mark must be preset in the 401-
480 area to signify the high-order character of the
record (normally in location 401). Any word mark
encountered stops the transfer to the tape-write area.

Timing. T = .0115 (L;+ 1+ 2Lp) ms

Addpress Registers After Operation.

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

NSI Address of the
400 area preset
word mark + 99.

B-Add. Reg.
B-Ls

Example. Write the data in 401-480 (labeled CLB14A)
and 501-580 (labeled CLBI5A) areas in the tape-
write area labeled BITPAR (2080), Figure I-13.

SPS
(A) OPERAND | (81 OPERAND
LINE  |COUNT LABEL ovsmlou ©oonEss s cHan g AD0RESS I l cuar. [s|d
el Ll MCWCRBIBA | BLTP.AR. |
Autocoder
OPERAND
Label ; roti , s 30 © h %0
ABLSA,BITPAR . .. ...

Assembled Instruction: M 580 180 A

Figure 1-13. Move and Binary Decode




Move and Binary Code

Instruction Format.

Mnemonic Op Code  A-address B-address d-character
SPS MCW M XXX XXX B
A MBC -

Function. Information read from magnetic tape is ar-
ranged into a coded card image in binary form, when
this instruction is used. Data to be punched in rows
12-3 is transferred to core-storage-area locations 401-
480, and data to be punched in rows 4-9 is stored in
the 501-580 area for punching. The A-address spec-
ifies the units position of the tape read-in area, and
the B-address is usually 572 or 580, depending on
the number of columns to be punched. The d-char-
acter (B) specifies a move-binary-code operation.

Word Marks. A word mark must be preset in the high-
order position of the B-field (normally 401) to stop
the operation.

A word mark in the high-order position of the
A-field can be set to stop the operation after the
following B-cycle if desired.

Timing. T = .0115 (L;+ 1+ 2Lg) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-La

B-Add. Reg.
The address of the
preset word mark in
the 400 area + 99.
Example. Move the data from the tape read-in area,

labeled BITPAR (2080), to the column-binary punch
area CLLBI14A (0401-0480) and CLBI5A (0501-0580),
and store it in the proper sequence for punching

(Figure 1-14).

SPS
(A} OPERAND (8) OPERAND
3 " 8 :O“": (J - 134 187 rovRess f![ c‘”ﬂ‘," !g" 28 Aooness l:’:l :‘”D‘J"‘ E :'
ool ol .. MCWBITPAR | ., CLBISA ' .
Avutocoder
Lobel perati OPERAND
1sh 1 26 39 38 40 45 50
Assembled Instruction: M 180 580 B

Figure I-14. Move and Binary Code

Write Binary Tape

Instruction Format,

Mnemonic Op Code A-address B-address d-character
SPS MU M %Bx XXX w
A WTB

Function. This instruction writes a tape record in the
odd-parity mode. The A-address specifies the tape
unit to be selected, and signals that this is a column-
binary-tape operation. The B-address specifies the
high-order position of the tape record in core stor-
age. The d-character indicates a tape-write opera-
tion. The sensing of a group-mark with a word-mark
in core storage stops transmission from the system to
the tape unit.

Word Marks. Word marks are not affected.
Timing. T = 0115 (L;+ 1) ms + Ty.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %2x

B-Add. Reg.
GM-WM +1

Example. Write a tape record in the binary mode on
the tape unit labeled 4, with the data stored in the
area labeled BTPOUT (2001) and ending at the
group-mark with a word-mark sensed in core storage
(Figure 1-15).

SPS
(A) OPERAND (8) OPERAND |
LnE | count LaBEL OPERATION & o |8 o[ e gld
3 {10} 7]e 13{14 1817 AooRess |!_’ ~ A0y !_7 20 Aoohess 34 AN l_. 39
ool b0 MU 4 . T BTPOUT | .
Avutocoder
Label rati OPERAND
13 30 35 49 45
P, b e

Assembled Instruction: M %B4 101 W

Figure 1-15. Write Binary Tape

Read Binary Tape

Instruction Format.

Mnemonic Op Code A-address B-address d-character
SPS MU M %Bx XXX R
A RTB

Function. A tape record written in binary form is read
into core storage, beginning at the location specified
by the B-address and ending at an inter-record gap
between tape records or a group-mark with a word-
mark in core storage. The A-address indicates the
tape unit selected, and signals the column-binary
tape operation. The d-character (R) specifies a read
operation.

Word Marks. Word marks are not affected.
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Timing. T=.0115 (L;+ 1) ms + Ty.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %2x

B-Add. Reg.
Message Length + 1

Example. Read the binary tape record from the tape
unit labeled 5 into the area of core storage labeled
BTPIN (2080) and ending at the group-mark with a
word-mark sensed in core storage or at the first inter-
record gap encountered in the tape record (Figure
1-16). -

SPS
{A) OPERAND (0) OPERAND
Lme  [count LaBEL o |3 nerant
3 sle 7]s 1sfia wjir Aooness n!: A ferlae Aopess IM| A% | 3a] 28]
oviel ., , ., MU BWBSE, . 1T BTPIN | | .
Avutocoder
Lobel rati OPERAND
30 1] 40 " S— ]
T RTE . BTPIN . ...

Assembled Instruction: M %B3 180 R

Figure 1I-16. Read Binary Tape

Compressed Tape (1401, 1460)

This feature makes it possible for the mm 1401 and
1460 Data Processing Systems to read compressed tape
prepared by the 1BMm 7070 Data Processing System, and
to expand it within core storage for processing by the
stored program.

The 7070 writes a compressed-tape record under
control of the WRITE WITH ZERO ELIMINATION (TWZ oOr
Twc) instruction. By using this 7070 instruction, as
many as five high-order zeros in each numerical word
in storage can be eliminated while the data is recorded
on magnetic tape, thus conserving tape capacity and
read-write time.

The READ COMPRESSED TAPE and MOVE AND INSERT
ZEROS operation codes are incorporated in the 1401 to
enable it to process compressed-tape records.

Read Compressed Tape

Instruction Format.

Mnemonic Op Code A-address B-address d-character
MU M %Cx XXX R
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Function. This operation code causes an entire tape
record to be read into core storage beginning at the
B-address and ending with the detection of an inter-
record gap (IRG) in the tape record. A group-mark
without a word-mark is placed in storage at the right
of the last data character transmitted when the IRG
is sensed. At the end of the operation, the B-address
register contains the address of the inserted group
mark.

Mode changes (alpha to numerical and vice versa)
are made automatically, and are controlled by the
presence of mode change characters (A) in the tape
record.

Word Marks. Word marks are not affected.
Timing. T=N (L;+ 1) ms + Tu.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI %3x Address of the inserted
group mark

Example. Read a tape record from tape unit 2 (labeled
2) in the area of core storage labeled TPAREA
(0498), Figure I-17.

SPS
{A) OPERAND (8) OPERAND
une  |count LABEL ooness |+ cuar. |2 ADDRESS ‘:I cn. 5] d
3 103 718 13f14 18T A, 27)28 34 ADJ. 38|38
el 1 MU BACE L [TPAREA I ..
Autocoder
Label rati OPERAND
1 38 40 43 50

il U

PSP PR S S U T Y AP ST S S S S

Assembled Instruction: M. %C2 498 R

Figure I-17. Read Compressed Tape

Move and Insert Zeros

Instruction Format.

Mnemonic Op Code A-address B-address
MIZ X XXX XXX

Function. The MOVE AND INSERT ZEROS instruction
moves the compressed tape data that was read into
core storage by a READ COMPRESSED TAPE instruction
to another storage area, and expands each field to fill
the storage locations allotted to it by the field-defin-
ing word marks. The A-address specifies the units




position of the compressed tape record in core stor-
age. (To obtain the A-address, execute a STORE
B-ADDRESS REGISTER instruction immediately follow-
ing the execution of the READ COMPRESSED TAPE in-
struction. This stores the address that contains the
group mark ( F) that indicated the end of the com-
pressed tape record.) The B-address of the MOVE AND
INSERT ZEROS instruction specifies the units position
of the expanded area. The data moves from the com-
pressed area to the expanded area, and zeros are in-
serted into the high-order positions of the expanded-
area fields.

Word Marks. Word marks must be preset in the ex-
panded area to indicate the high-order position of
each field. A group-mark, with a word-mark that has
also been preset by the program, must appear at the
position immediately to the left of the high-order
storage location of the A-field. It is this group mark
that signals the end of the MOVE AND INSERT ZEROS
operation.

szmg T=N (L1+ 1+ 23 LAELz) ms.

2 = Number of fields included in an operation.

Note. When the 1M 7070 writes a tape record, it writes each
word on tape in either the alphabetic or numerical mode.
Each time the mode changes from alphabetic to numerical or
vice versa, a mode change character, delta (A), is automati-
cally written on tape. Each time a delta is read into core
storage by the READ COMPRESSED TAPE instruction, it changes
the setting of an internal switch to either the alphabetic or
the numerical indication, corresponding to the mode. Thus,
at the completion of the operation, the mode change switch
indicates the mode setting of the last tape character read.

In the cxpand operation, the setting of the internal mode
switch determines the method of operation. The machine
works on the MOVE AND INSERT ZEROS operation from right to
left, moving the data, field by field, from the compressed area
to the expanded area. If the compressed-area field is alpha-
betic, it is moved, intact, to the expanded-area field, as de-
fined by the preset word marks. To ensure proper operation,
the expanded alphabetic fields should be equal in length to
the alphabetic fields read from tape. If the data are numeri-
cal, they are moved digit-by-digit, low order to high order,
until a zone bit (indicating sign position) or A (delta) is en-
countered. If any high-order positions in the expanded field
are unfilled, zeros are inserted until a word mark is sensed.
During this operation, the detection of a A in the compressed
area changes the setting of the mode switch, and the mode
of operation changes from alphabetic to numerical, or vice-
versa.

Address Registers After Operation.

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

NSI Address of preset
group-mark with a
word-mark —1 at im-
mediate left of tape
read-in area.

B-Add. Reg.

At last word-mark
in B-field minus one.

Example. A 4-word compressed-tape record is prepared

by the 18M 7070:

Field Mode IBM 7070 Storage Words
Part name alpha two words
Part number numerical one word, always plus
Unit Cost numerical one word, always plus

The part number can be from two to seven digits
in length. The unit cost can be from three to six
digits. The compressed-tape record, written by the
7070 for a specific part, looks like this:

EXTbbSHANKA0475C1154E

The letter C is a plus sign over units digit 3. The E
is a plus sign over units digit 5. The mode switch is
set to alpha mode during the compressed tape oper-
ation instruction time. Therefore, it was changed to
the numerical mode by the A. It is necessary to per-
form the expand operation before the next mrEAD
COMPRESSED TAPE instruction.

Figure I-18 shows the three program steps that
read and expand the compressed-tape record for this
example. A group-mark with a word-mark has been
preset in position 0699.

The READ COMPRESSED TAPE instruction reads into
core-storage locations 0700-0721:

EXTbbSHANKA0475C1154E ¥

After the operation, the B-address register contains
the address of the group mark (0721). The sToRE
B-ADDRESS REGISTER instruction modifies the Move
AND INSERT ZEROS instruction so that the A-address
contains 721:

000 724 before
721 724 after

[ <

The maximum size of the compressed tape record
is 24 positions (to accommodate a 10-character part
name, a 7-digit part number, a 6-digit unit cost, and
the mode-change character). Thus, the expanded

SPS

(A) OPERAND (8} OPERAND

CHAR.
ADJ.

N IND.
M

ADDRESS ‘ il
24

Py

39

0700, .

PR

9,2,0

LNE | counT LABEL OPERATION
ADDRESS | k4 l %‘f’
3 sle R4 L] 13[14 (L1 1kd 23 o
T [
PR I N . 1R A <
L
N

ono| . EXPANDHIL 0124, .

SLae ]

Autocoder

OPERAND

EXPAND . ..

B8R IEXPANDED, o st
1z, (0,724 .

Assembled Instruction:
%C2 700 R located in storage positions 433-440
H 448 located in storage positions 441-444
X 000 724 located in storage positions 445-451

Figure I-18. Move and Insert Zeros
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area is defined as locations 700-724 (the 25th posi-
tion is for the group mark, ). Word marks are
preset in positions 700, 711, and 718.

The MOVE AND INSERT ZEROS instruction first tests
the mode switch, and then moves the unit cost field
and the group mark (1154E ¥) from the compressed
field locations, 716-721, to the expanded field loca-
tions, 719-724. The detection of the zone bits in the
letter C of the part number indicates the units posi-
tion of the next field. Because no mode-change char-
acter is detected, the mode switch continues to
indicate numerical. A zero is inserted in position 718,
The preset word mark in that position stops the in-
sertion of additional zeros in the unit-cost expanded
field. In a similar way, the 0475C part number moves
from positions 711-715 to positions 713-717, and
zeros are inserted in positions 712 and 711, halted by
the word mark in location 711. The A in position 710
indicates the units position of the next field (part
name).

The A changes the setting of the mode-change
switch from numerical to alphabetic. In the alpha-
betic mode, characters are moved without insertion
of zeros.

The expanded area in core storage after the oper-
ation looks like this:

EXTbbSHANKA000475C01154E ¥

Note: To conserve storage, the compressed area overlaps
with the expanded area in this example.

Console (1447, Model 2 or 4)
Attachment (1460)

This special feature provides for the attachment of a
console input-output printer to the 1460 system.

For more detailed information on the 1447, refer to
M 1447 Console, Form A24-3031.

Console Inquiry Station Adapter (1401)

This feature provides the additional circuitry to attach
an 1M 1407 Console Inquiry Station to the 1401. For
more detailed information on the 1407, refer to mMm
1407 Console Inquiry Station, Form A24-3084.
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Direct Data Channel (1401, 1460)

This feature provides for the attachment of the follow-
ing data processing systems through their serial 1/0
adapters: 1401-1401; 1401-1440; 1401-1460; 1440-1440;
1440-1460; 1460-1460.

With the direct-data-channel special feature, the
two processing systems are cable-connected through
the serial I/0 adapter feature on each system. When
the direct data channel feature is in use, no other
input-output unit can use the serial 1/0 adapter fea-
ture on either system.

The cable length between the two systems can be
any length up to a maximum of 100 feet.

Data transmission takes place serially by character
and parallel by bit (WM BA8421 plus a parity bit). Be-
cause word marks can be transmitted, the 1401 systems
must have the engineering change installed that adds
the WM bit line.

The type of data transmission operation that can be
performed is varied and at the discretion of the cus-
tomer. Depending on the written program, both sys-
tems can send and receive data, or one system can send
data only while the other system can receive data only.
To permit this flexibility, the direct-data-channel fea-
ture makes use of three types of instructions:

1. SIGNAL CONTROL instructions
2. BRANCH instructions

3. MovE and LOAD instructions.

Signal Control Instructions

The SIGNAL CONTROL instructions are used by one proc-

essing system to:

1. inform the other processing system that it wants to
perform a particular operation, or

2. actually perform a particular function in the other
system.

Note: The Autocoder mnemonic for SELECT STACKER instruc-
tion (SS) can be used with the C, D, and E d-characters for
direct-data-channel instructions.

The diagnostic phase of Autocoder will flag the instruction as
an error, because it assumes that the d-character represents a
stacker. However, the error flag can be ignored because the
assembled instruction in the output object program will contain
the intended (C, D, and E) d-characters.




Read Request

Instruction Format.

Mnemonic Op Code d-character
SS K C

Function. This instruction informs the other system
that the system initiating this instruction wants to
read (receive) data from the other system. This
condition is tested for in the other system with its
B (III) 3 instruction.

Word Marks. Word marks are not affected.
Timing. T =N (L;+ 1) ms.

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

Example. The system executing this instruction signals
the other system that it wants to receive data from
the other system (Figure 1-19).

Avutocoder

Label rati
s { l 25 1] 35 40 45 80
PN N . 7 N A e aa

Assembled Instruction: K C

‘Figure I-19. Read Request

Write Request

Instruction Format.

Mnemonic Op Code d-character
SS K D

Function. This instruction informs the other system
that the system initiating this instruction wants to
send (write) data to the other system. This condition
is tested for in the other system with its B (III) 4
instruction.

Word Marks. Word marks are not affected.
Timing. T=N (L;+ 1) ms.

Address Registers After Operation.

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

Example. The system executing this instruction signals
the other system that it wants to send data to the
other system (Figure 1-20).

Avtocoder
OPERAND

Lobel rati
13l 1 30 38 49 45 80
ol SS D

Assembled Instruction: K D

Figure 1-20. Worite Request

Reset

Instruction Format.

Mnemonic Op Code d-character
SS K E
Function. This instruction originates a signal that resets
the end of transmission circuitry in the other system.
This reset operation cannot be tested for in the other
system.

This instruction must be given prior to each exe-
cution of a read or write data instruction. It must
be executed by the 1401 (if one of the machines
is a 1401) every time the other machine is started or
restarted. This is the only way to reset the end-of-
transmission circuitry in the other machine, because
the 1401 start-reset key does not include such a
fundtion. -

Word Marks. Word marks are not affected.
Timing. T=N (L;+ 1) ms.

Address Registers After Operation.

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

Example. Reset the end of transmission circuitry in
the other system (Figure 1-21).

Avutocoder

OPERAND

Assembled Instruction: K E

Figure 1-21. Reset
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Branch Instructions (Direct Data Channel) ters, and the tests they perform, are shown in
Figure I-22.
Branch if Indicator On

. Word Marks. Word marks are not affected.
Instruction Format.

Mnemonic Op Code I-address d-character Timing.
BIN B 11 n No Branch:
Function. This instruction and its associated d-charac- T=N (L +1) ms.
ters are used by the system initiating these instruc- Branch (without indexing):
tions to check for various conditions on the other T=N (L;+1) ms.
system. When a tested condition is present, the pro- . _
gram branches to the previously written subroutine. Branch (with indexing):
The BRANCH IF INDICATOR ON instruction d-charac- T=N (L;+2) ms.
Condition in System Initiating Line/Signal System B, Testing Conditions in System A with
Line/Signal (System A) Branch~If=Indicator-On Instructions
Sent Reset By Branch Instruction * Indicator Reset
Process Check due to detection of Start Reset Key B (1 By executing the Branch Instruction
Transmission Error in System B, or by pressing Start

Reset Key in System A; both alterna-
tives affer pressing the Check Reset
Key in System A.

End of Transmission., 1/O Disconnect 1401, 1440, 1460 B (1 2 By executing a K E Instruction in
A GMWM was reached in the Executing a K E System B or by pressing the Start Reset
System A |/O — area during the instruction in the Key in System A, if System A isa
previous data transfer. other system. 1440 or 1460 System.,
(The 1/O — area in System A was 1440, 1460 Note: This Indicator must be off in
smaller or equal in size to that of Start Reset Key . Both Systems before initiating any
System B.) data transfer.
A Read Request Instruction (K C) Read Request Start Reset Key B (I3 By executing a Write Data (with or
has been executed in System A, without Word Marks) instruction, or
pressing the Start Reset Key in
System A.
A Write Request Instruction (K D) | Write Request Start Reset Key B ()4 By executing a Read Data (with or
has been executed by System A. without Word Marks) Instruction, or
pressing the Start Reset Key in
System A.
A Write Data Instruction is being Start Reset Key B ()6 When System A ends the Write opera=
executed in System A, - tion. (This is done when System B has

executed a Read Instruction or by
pressing the Start Reset Key in System
A, or if the Indicator 2 was not reset
in System A.)

A Read Data Instruction is being Start Reset Key (w7 When System A ends the Read opera=
executed in System A. tion. (This is done when System B has
executed a Write operation or by
pressing the Start Reset Key in System
A, or if the Indicator 2 was not reset
in System A.)

System A stopped (Stop key pressed, Start Reset Key XUIE: When System A starts,
STOP Instruction, error stop, etc.)

* The d=character must be in the operand field when using a BIN mnemonic.

Figure 1-22. Branch if Indicator On Instruction Summary
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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

Example. Test for end of transmission by other sys-
tem. If the other system did signal an end of trans-
mission, branch to MSGSNT (0843), Figure 1-23.

Autocoder
Label atl OPERAND
30 38 20 4 50
\ N NN R

Assembled Instruction: B 843 2

Figure I-23. Branch if Indicator On

Move and Load Instructions

The MovE or LoAD instruction (M or L (% H 1) (B B B)
R or W) is used by the systems to transmit or receive
the data in either the move mode or the load mode.
The parts of the instruction and their use are:

M or L—The M or L operation code specifies whether
the data transmission will be performed in the move
mode or load mode. If the move mode is specified,
up to 7 bits per character (CBA8421) are involved in
the data transmission. If the load mode is specified,
up to 8 bits per character (WM CBAS8421) are in-
volved in the data transmission. The same mode
must be used by both systems for any one particular
data transmission. Word marks would be lost if the
message transmission were in the load mode, but
the message reception were in the move mode.

% H 1 — The A-address (9% H 1) specifies that the di-
rect data channel feature is used in performing this
instruction.

B B B — The B-address specifies the high-order posi-
tion of the message in core-storage area involved in
the data transmission.

R or W —— A d-chatacter of R specifies a read operation.
This d-character is used when the other system is
sending the data. A d-character of W specifies a
write operation. This d-character is used when the
other system is receiving the data.

The move and load instructions used, and the opera-
tions they initiate, are:

Read Data

Instruction Format.

Mnemonic Op Code  A-address B-address d-character
MU M %H1 XXX R

Function. This instruction causes the data sent from
the other system to read into core storage, beginning
at the core-storage location specified in the instruc-
tion.

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

Timing. T=N (L;+ 1) ms + transmission and start
time.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %81

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

Example. Read data from the other system and place
it in core storage, beginning at location 0633 (area
is labeled INPDAT), Figure 1-24.

Autocoder
Label rati

sl U

OPERAND
3 38 490 43 ]
TTTI Y A - S

Assembled Instruction: M %H1 633 R

Figure I-24. Read Data

Read Data with Word Marks

Instruction Format.

Mnemonic Op Code  A-address B-address d-character
LU L %H1 XXX R

Function. This instruction is similar to the READ DATA
instruction except that word marks in the record
area of core storage are removed, and word marks
sent with the other data are written in core storage.

Word Marks. Word marks transmitted from other sys-
tems are written in core storage.

Timing. T=N (L;+ 1) ms + transmission and start
time.
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Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %81

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

Example. Read data from the other system, with its
associated word marks, and place it in core storage,
beginning at location 0633 (area is labeled INP-
DAT), Figure 1-25.

Autocoder
Labet \ rati

' 30 38
., U HL, INPDAT,R . . . o' ...

OPERAND
48

Assembled Instruction: L %H1 633 R

Figure 1-25. Read Data with Word Marks

Write Data

Instruction Format.

Mnemonic Op Code
MU M

A-address B-address d-character
%H1 XXX w

Function. This instruction causes data to be sent to the
other system from core storage, beginning at the
core-storage location specified in the instruction.

Word Marks. Word marks are not sent to the other
system when operating in the move mode (M opera-
tion code). :

Timing. T=N (L;+ 1) ms + transmission and start
time.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %81

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

Example. Send data to the other system from the core-
storage area labeled OUTDAT (first position of the
data located in 0633), Figure 1-26.

Avutocoder
Label ati

OPERAND
45 50

Assembled Instruction: M %H1 633 W

Figure 1-26. Worite Data
1-16

Write Data with Word Marks

Instruction Format.

A-address - B-address d-character
%H1 XXX w

Mnemonic Op Code
LU L

Function. This instruction is similar to the WRITE DATA
instruction except that word marks in the output
area of core storage are transmitted with the asso-
ciated data.

Word Marks. Word marks are sent to the other system.

Timing. T=N (L;+ 1) ms + transmission and start
time.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %81

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

Example. Send data to the other system, with its asso-
ciated word marks, from the core-storage area la-
beled OUTDAT (first position of the data located
in 0633), Figure I-27.

Avutocoder

Lobel 1

! 28 30 ]
R T H [, QUTDAT, W

OPERAND
45

Assembled Instruction: L %H1 633 W

Figure I-27. Write Data with Word Marks

Instruction Utilization in the Program

With the instructions just described, the specific type
of system-to-system data transmission can be set up.
The type of operation performed is at the discretion
of the user because the operation is completely pro-
grammed.

Each system has its own specifically designed pro-
gram, using the previously described instructions. Some
instructions are used in both programs, while other in-
structions might appear in only one program, if at all.
The instructions used are completely dependent on the
specific type of data transmission involved.

1-Way System-to-System Data Transmission

To illustrate one kind of system-to-system data trans-
mission, assume a hypothetical case where one system
sends data only, while the other system receives data
only. The program procedure illustrated in Figure 1-28
is meant only as an example to show the use of the
various instructions and should not be considered the
optimum procedure for this kind of operation.
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Sending-System Operation

1.

The sending system enters its system-to-system
data transmission program and executes a BRANCH
IF INDICATOR ON instruction, B (I I I) 8, which
checks to see whether the other system is operating,.

2. If the other system is stopped for any reason, the
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program branches into a previously specified sub-
routine, which may for example:

a. permit processing of some other information, or,
b. stop the system that initiated the instruction or,
c. notify the system operator in some way.

If the other system is operating, another BRANCH IF
INDICATOR ON instruction, B (I I 1) 7, is executed,
which checks the other system to see whether it is
trying to execute a READ instruction. If the other
system is trying to execute a READ instruction, it in-
forms the sending system by setting the indicator
tested by a B (I II) 7 instruction.

. When a B (I11) 7 instruction results in a branch,

the sending system immediately executes a WRITE
instruction, Mor L. (%, H1) (BB B) W.

The actual data transmission occurs between the
two systems and continues until one of the systems
encounters a preset group-mark with a word-mark
in its core storage. The group-mark with a word-
mark terminates the data transmission operation
and sends a termination signal to the other system.

If any transmission error occurs in the sending
system during the data transmission, the sending
system stops at the end of the data transmission
operation.

The system operator must start the system operat-
ing again and will either try to send the data again
(step 4) or start at the beginning of the subroutine
(step 1).

. If no transmission error occurred in the sending

system during the data transmission, then the core-
storage address contained in the B-address register
is stored in a location specified by the sTORE B-
ADDRESS REGISTER instruction, H (xxx). This in-
formation is used later to determine whether the
complete message was transmitted.

A BRANCH IF INDICATOR ON instruction, B (IT1I) 1 is
executed, which checks to see whether any trans-
mission errors occurred in the other system.

If any error occurred in the other system, the end-
of-transmission circuitry in that system is reset (KE
instruction) and the sending system tries to send
the data again. The actual data transmission does
not start until the operator corrects the error con-

10.

11.

12.

13.

11,

dition in the other (receiving) system and starts
that system operating again.

If no transmission error occurred, a BRANCH IF INDI-
CATOR ON instruction, B (I 11) 2, is executed, which
checks to see whether the other system ended the
data transmission.

If the other system did not end the data transmis-
mission, it means that the entire message was trans-
mitted. The subroutine ends, and the system re-
turns to its main program.

If the other system did end the data transmission,
a check must be made to see whether the entire
message was transmitted. One method that could
be used is to compare the address stored in step 7
with the address known to be the last core-storage
address in the sending system data area.

. If the two addresses do not compare, then the end-

of-transmission circuitry in the other system is
reset, and the sending system tries to send the data
again (step 4) because the receiving system did not
receive the complete message.

If the two addresses do compare, it means that the
entire message was transmitted. The end-of-trans-
mission circuitry in the other system is reset.

The subroutine ends, and the system returns to its
main program.

There is one other condition that could have oc-
curred in the sending system. This is the condition that
occurs when the other system is not trying to execute
a READ instruction.

3.

14.

A BRANCH IF INDICATOR ON instruction, B (I111) 7, is
executed, which checks to see whether the other
system is trying to execute a READ instruction.

If the other system is not trying to execute a READ
instruction, then the sending system informs the
other system that the sending system wants to send
data by executing a WRITE REQUEST instruction, KD.

Receiving-System Operation

In the receiving system operation being used in this
example, there are three conditions that might occur:

1.
2.

Sending system wants to send data, or,

Sending system is trying to execute a WRITE in-
struction, or,

Sending system does not want to send data and is
not trying to execute a WRITE instruction.

Each one of these situations is discussed.




15. The receiving system enters its system-to-system
data transmission program and executes a BRANCH
IF INDICATOR ON instruction, B (I I I) 8, which
checks to see whether the other system is operating.

16. If the other system is stopped for any reason, the
program branches into a previously specified sub-
routine that may be similar to the subroutine de-
scribed in step 2.

Condition 1—Sending system wants to send data.

17. If the other system is operating, another BRANCH 1F
INDICATOR ON instruction, B (I 1 I) 4 is executed.
This instruction checks to see whether the other
system wants to send data. This condition origi-
nated in step 14 of the sending system program. If
the other system wants to send data, the receiving
system immediately tries to execute a READ instruc-
tion, Mor L (9% H 1) (B B B) R. The data trans-
mission does not take place immediately, however.
In trying to execute a READ instruction, the receiv-
ing system signals the sending system that it is
trying to execute a READ instruction. After a negli-
gible time interval, the sending system enters its
system-to-system data-transmission program and
this condition initiates the data transmission pre-
viously described in step 4.

18. When the execution of a B (I I I) 4 instruction
results in a branch, the receiving system imme-
diately executes a READ instruction, M or L (% H 1)
(BB B) R.

The actual data transmission occurs between the
two systems and continues until one of the systems
encounters a preset group-mark with a word-mark
in its core storage. The group-mark with a word-
mark terminates the data transmission operation
and sends a termination signal to the other system.

19. If any transmission error occurs in the receiving
system during the data transmission, the system
stops at the end of the data transmission.

20. The system operator must start the system operat-
ing again and will either try to receive the data
again (step 18) or start at the beginning of the sub-
routine (step 15).

21. If no transmission error occurred in the receiving
system during the data transmission, then a BRANCH
IF INDICATOR ON instruction, B (I 11) 1 is executed,
which checks to see whether any transmission er-
rors occurred in the other system.

22. If any error occurred in the other system, the end-
of-transmission circuitry in that system is reset and
the receiving system tries to receive the data again
(step 18).

23. If no transmission error occurred, a BRANCH IF INDI-
CATOR ON instruction, B (I IT) 2 is executed, which
checks to see whether the other system ended the
data transmission.

24. If the other system did not end the data transmis-
sion, it means that the receiving system read-in
area was not large enough to accept the incoming
message. A subroutine is executed to readjust the
read-in area so that it can accept the entire incom-
ing message, and the receiving system tries to re-
ceive the data again (step 18).

At approximately this same time, steps 10, 12, and 9
are being executed in the other system. As previously
described in these steps, the other system automatically
tries to send the message again. As soon as the read-in
area is adjusted, another data transmission operation
takes place.

25. If the other system did end the data transmission,
then the end-of-transmission circuitry in the other
system is reset by initiating a reser (KE) in-
struction.

26. The subroutine ends and the system returns to its
main program.

Condition 2—Sending system trying to execute a WRITE
instruction.

27. If the other system is operating, and is not trying
to send data, another BRANCH IF INDICATOR ON in-
struction, B (I I I) 6 is executed. This instruction
checks to see whether the other system is trying to
execute a WRITE instruction as a result of an oper-
ator intervention or some other condition. If the
other system is trying to execute a WRITE instruc-
tion, it informs the receiving system by setting the
indicator tested by a B (1 I 1) 6 instruction. When
the execution of a B (I 11I) 6 instruction results in
a branch, the program previously described in
steps 18-26 is executed.

Condition 3—~Sending system does not want to send
data and is not trying to execute a WRITE instruction..

15, 17, 27, 26. If the other system is operating, but
does not want to send data, and is not trying to exe-
cute a WRITE instruction, the subroutine ends and the
system returns to its main program.

2-Way System-to-System Data Transmission

The programming involved in a 2-way system-to-
system data transmission operation is, of necessity,
more involved than the l-way system-to-system pro-
gramming just described. If both systems send and re-
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ceive data, then the same program routine used by one
system can also be used by the other system.

To permit maximum efficiency, each system must
test the status of the other system at regular intervals.
If the data transmission operations of one system have
priority over the other system’s operations, then the
program must include routines that will terminate, or
delay, the other system’s operations.

If two duplicate programs are used, each program
should include a dissimilar timing loop so that the sys-
tems do not re-enter their routines together after ter-
minating an operation.

If both programs try to execute READ instructions at
the same time, both the systems stop operating because
all program execution stops. Each system then waits
for the other system to start sending data, but neither
one ever starts. This condition can be eliminated by
proper programming,

If both programs try to execute WRITE instructions at
the same time, the write operations are completed, but
neither message is transferred, resulting in the loss of
one message in each system. This condition can be
eliminated by proper programming.

Direct Seek (1460)

This special feature reduces access time (250 ms maxi-
mum, 150 ms average) by allowing the access assembly
to be positioned directly at a new setting without re-
turning to the home position.

Disk Control Field

Sector
Alternate Sector Count Remarks
Code Address Field
X XXXXXX] XXX
X XXXX#X XXX

———— Any Valid Digit

Any Valid Digit

Direct Seek Code

Signed Difference
(No. of Cylinders
to be crossed Times
2 must be signed).

Drive Number
(0, 2, 4, 6or 8)

CHARACTER BIT CODE
. BA 8 21
* BA 8421
$ B 8 21
A B 8421
' A8 2]
H A8421
e 8421

Figure I-30. Unacceptable Characters in Sixth Position of
Disk Control Field

The instruction used for the direct seek operation is
the same as that used with normal seek operation,
M(%F0)(BBB)R. The B-address position of the instruc-
tion contains the core-storage address of the high-order
position of the 6-digit disk-control field used.

Disk-Control Field

Direct seek operations use a 6-position disk-control
field (Figure 1-29).

The first position of the disk-control field contains
the disk drive number (0, 2, 4, 6, or 8). An asterisk can-
not be used for this operation.

The next four positions (2-5) contain a signed 4-digit
number equal to twice the number of cylinders to be
advanced (+) or retracted (—).

The sixth position contains a pound (#) sign to indi-
cate a direct-seek operation.

Note: Any character with 8-2-1 bit combination will be
taken to indicate a direct seek operation and cannot, therefore,
be used in the sixth position. See Figure I-30 for a list of these
characters.

The signed difference field can be calculated by the
method shown in Figure I-31. This method uses the
four high-order positions of the disk address at which
the access arm is positioned and the four high-order

Both Odd
New Address 004372 0043 0043
+1
Old Address 003291 0032 0033

difference 0010

+
Signed Difference 0010 (+because increase in address)

Figure I-29. Disk Control Field for Direct Seek
I-20

Figure I-31. Calculating Signed Difference




Number of Time in Number of Time in
Cylinders Traveled | Milliseconds Cylinders Traveled Milliseconds
1- - 54 Minimum 20 130
- r 67 30 - 137
g - gO 40 ————— 154
— 2——
6- 113 70 [ 202
— —
9 - }5?5 99 - 248 Maximum
10 - 165

Figure I-32. Cylinder Seek Time with Direct Seek

positions of the disk address to be sought. Both fields
must be changed to either odd or even (add one to
even, subtract one from odd). The old address is then
subtracted from the new address. The result of the
subtraction has the correct sign to indicate that the
mechanism is to advance (+) or retract (—).

If for some reason the address fails to specify the
module in the alternate code position, direct seek will
be executed on the master file.

Direct-Seek Timing

Figure I-32 provides seek times when direct seck fea-
ture is installed on the system.

Disk-Storage Control (1460)

This feature provides the controlling circuitry neces-
sary for the proper operation of any M 1311 Disk
Storage Drives attached to the system.

For more detailed information on the B 1311, refer
to 18M 1311 Disk Storage Drive, Form A24-3086.

Disk-Storage Drive Adapter (1401)

This feature provides the controlling circuitry to attach
a 1311, Model 4, Disk Storage Drive to the 1401. For
detailed information on the 1M 1311, refer to BM
1311 Disk Storage Drive, Form A24-3086.

Expanded Print Edit (1401 and 1460)

The basic operations of the MOVE CHARACTERS AND EDIT
instruction can be increased by the expanded print edit

feature. With this feature, asterisk protection, floating
dollar sign, decimal control, and sign control left
operations can be performed. The zero-suppression
code in the control word should be in the position
immediately to the left of the decimal, except as re-
quired in Decimal Control.

Note: Floating dollar sign and asterisk protection, or float-
ing dollar sign and decimal control cannot be used in the same
edit operation. When asterisk protection and decimal control
are combined, and a blank data field is edited, the result is

asterisks in all positions to the left of, but not including, the
decimal-control position.

Asterisk Protection

When asterisks are to appear to the left of significant
digits, the asterisk protection feature is used (Figure
1-33). The control word is written with the asterisk im-
mediately to the left of the zero-suppression code.
Zero balances can be protected with asterisks by plac-
ing control zeros in the right-most position. In this
instance, asterisks print in all positions including the
decimal position.

Forward Scan:

1. The normal editing process proceeds until the aster-
isk is sensed.

2. The corresponding digit from the A-field replaces
the asterisk (in the output field).

3. The editing process continues normally until the
B-field word mark is sensed and removed.

Reverse Scan:

1. Asterisks replace zeros, blanks, and commas, to the
left of the first significant digit.

2. The word mark (set during the forward scan) sig-
nals the end of editing. It is erased, and the opera-
tion is stopped.

Aield 00257426

Control word (B-field) libb, b*0. bb&CR
A ———————

Forward scan 002,574.26 CR
——r

Reverse scan **2,574.26 CR

Results of edit *%2,574.26 CR

Figure I-33. Asterisk Protection
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A-field 00257426

Control word (B-field) bbbb, b$0. bb

P V—

First forward scan 002,57:1.26
a—

Reverse scan bbb 2,574.26
mtmm——

Second forward scan $2,574.26

Results of edit $2,574.26

Figure I-34. Floating Dollar Sign

Floating Dollar Sign

This feature causes the insertion of a dollar sign in the
position at the left of the first significant digit in an
amount field (Figure 1-34). The control word is written
with the $ immediately to the left of the zero-suppres-
sion code.

Note: The control word must be larger than the A-field.
Three scans are necessary to complete this editing operation.

First Forward Scan:
1. The editing proceeds until the $ is sensed.

2. The corresponding digit from the A-field replaces
the $ (in the output field).

3. Editing continues until the B-field word mark is
sensed and removed.

Reverse Scan:

1. Blanks replace both zeros and commas to the left
of the first significant digit.

2. The reverse scan continues until the word mark (set
during the first forward scan) signals the start of the
second forward scan,

Second Forward Scan:

1. The word mark is erased, and the scan continues
until the first blank position is sensed. This blank
position is replaced by $, and the operation stops.

Sign Control Left

CR or minus symbols can be placed at the left of a
negative field, if the sign-control-left feature is used
(Figure 1-35). The control word is written with the
CR or minus symbols in the high-order position.

Forward Scan:

1. The scan proceeds until the zero-suppression char-
acter in the control field is sensed.
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A-field 00378940

Control word (B-field) gR&bbb, bb0. bb

——

Forward scan CRb003, 78?_.40
—

CRbbb3, 789.40

Reverse scan

Results of edit CR 3,789.40

Figure 1-35. Sign Control Left

2. The corresponding character from the A-field is
placed in this position of the output field.

3. A word mark is automatically inserted in this posi-
tion in the output field.

4. Editing continues, and the CR or minus symbols are
undisturbed in their corresponding positions in the
output field, only if the sign of the A-field is minus.
If the sign is plus, they are blanked.

Reverse Scan:

1. Blanks in the output field replace zeros and commas.
The scan continues until the automatically set word
mark is sensed.

2. This word mark is erased and the operation ends.

Decimal Control

This feature ensures that decimal points print only
when there are significant digits in the A-field (Figure
1-36).

1. Adfield 00000
Control word (B-field) bbb. b0
—

First forward scan 000.0Q
p———

Reverse scan bbb. 00
i

Second forward scan bbb
Results of edit’ (Blank Field)

2. A-field 29437
Control word (B-field) bbb. b0
if—

First forward scan 294.37
——

Reverse scan 294.37
Result of edit 294,37

3. A-field 00001
Control word (B-field) bbb. b0
f—

First forward scan 000.01
Reverse scan bbb. 01
Results of edit .01

Figure I-36. Decimal Control




Two scans are sufficient to complete this editing
operation, unless the field contains no significant digits.
Then three scans are required.

First Forward Scan:

1. When the zero-suppression code (0) is sensed dur-
ing editing, the corresponding digit from the A-field
replaces this position.

2. A word mark is set automatically in this position in
the B- (output) field.

3. Editing continues normally until the B-field word
mark is sensed and removed.

Reverse Scan:

1. Blanks in the output field replace zeros and commas
until the decimal point is sensed.

2. The decimal point and the digits at its right are un-
altered. The automatically set word mark is erased.
If there are no significant digits in the field, the sec-
ond forward scan is initiated. Otherwise, the edit
operation stops.

Second Forward Scan:

1. Blanks replace the zeros at the right of the decimal
point and the decimal point itself.

2. The operation stops at the decimal column.

High-Low-Equal Compare Feature
(1401; Standard on 1460)

This feature expands the compare operation to include
indicators for high, low, or equal conditions. Additional
d-characters are included so that the BRANCH IF INDI-
CATOR ON instruction can test for these conditions. The
basic machine permits testing for unequal conditions
only.

This feature is standard on the 18M 1460 Data Proc-
essing System.

Branch if High, Low, or Equal Compare

" Instruction Format.

Mnemonic Op Code I-address d-character
SPS B B XXX X
A see chart

Function. This instruction tests the compare indicator
for the result of the previous compare operation and
branches to the I-address, if the condition specified
by the d-character is present:

Autocoder d-character Branch to I-address if:
BE S B=A (B equals A)
BL T B <A (B is less than A)
BH U B> A (B is greater than A)

If the condition is not present, the program con-
tinues with the next sequential instruction.

Word Marks. Word marks are not affected.

Timing.
No branch:
T=N (L;+1) ms.

Branch (without indexing):
T=N(L;+1) ms.

Branch (with indexing):
T=N (L;+2) 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

Example. Compare the data at RECNO (0596) to the
control number at CONTNO (0495). If the data at
RECNO is higher than the control number at
CONTNO, branch to GRTAN (0797) for the next
instruction (Figure 1-37).

(A) OPERAND {B] OPERAND

LINE [COUNT LABEL

CHAR.
ADJ.

CHAR.

ADDRESS *
23 ADJ.

. ADDRESS

3 tND.
5 ND.

13 kL] 13|14 1817 !!0
e T looNTNO L
. B | IGRT.AN, {1

Autocoder

495 596
797 U

Assembled Instruction: €
B

Figure I-37. Branch if High Compare
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Indexing and Store Address Register (1460)

The indexing-and-store-address-register special feature
for the 1460 functions exactly the same as the index-
ing-and-store-address-register portions of the advanced-
programming special feature for the 1401. For detailed
information on indexing-and-store-address-register op-
eration, refer to the appropriate sections of the Ad-
vanced Programming special feature write-up in this
publication. Replace 1401 timing (.0115) with 1460
timing (.006).

Multiply-Divide (1401, 1460)

This feature makes it possible to perform direct multi-
plication and division in the 1BM 1401 and/or 1460
Data Processing Systems.

Multiply

Instruction Format.

Mnemonic Op Code A-address B-address
M @ XXX XXX

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
order) 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 an-
other storage area.

The multiply-divide feature for the 1460 system
has additional circuitry that automatically eliminates
readdressing machine cycles when recomplementing
is required during the operation.
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Rules:

1. The product 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 multiplicand
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 multipli-
cand 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 indicates
a positive sign, At the completion of the multiply
operation, the B-field will have zone bits in the units
position of the product only. The multiply operation
uses algebraic sign control (Figure I-38).

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 inter-
preted for sign control.

Timing. The average time required for a multiply op-
eration is:
T=N (LI + 3+ 2L0 + 5LcLM + 7LM) ms.
L¢ = length of multiplicand field.
La= length of multiplier field.

A chart of approximate timings is included in the
section on Timing.
Note. 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. B-Add. Reg.
NSI A minus the length B minus the length
of the multiplicand. of product field.
Multiplier Sign + + — —
Multiplicand Sign + - + -
Sign of Product + - - +

Figure 1-38. Algebraic Sign Control for Multiplication




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 PRODCT area (0603, 0604, and 0605). At
the completion of the multiply operation, load the
product in the area labeled QOUT2 (0178). The units
positions of the multiplier and multiplicand fields
may be signed (Figure I-39).

SPS

(A) OPERAND (B} OPERAND
LINE  {COUNT LABEL OPERATION] AR, | 2 o oun Jg|d

ADDRESS b4 ADDRESS ‘ H
2 ADJ. 34 ADJ.

" (ND.
| {ND.

sle _7]e i3lia 1817
T

L ZA MULL E R PRODCTI= . 5] ||

s
0,1,0 1 Lo 1 1
oeof |, M ) MULCAN!
0,3,0 N P "

! | PRODCT || ]
. L LLIAIPRODAT: | @ X8 Y v TR R R
Avtocoder
bel i OPERAND
s_'f._r__m_ﬁ 30 38 40 45 50
L. |ZA . MULIER,PRODCT=5 . . ... ... e
et M HUOLCANLPRODCT: |, N
. MCWAIPRODLTAOVT2 o osseeinns
Assembled Instruction: 2 065 605
@ 502 610
L 610 178
Figure 1-39. Multiply
Divide
Instruction Format.
Mnemonic Op Code A-address B-address
D % XXX XXX

Function. This instruction divides the data (dividend)
in the low-order positions of the B-field by the divisor
located in the A-field, and develops the quotient in
the high-order positions of the B-field. The remain-
der 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 I 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

Divisor Sign + + - —
Dividend Sign + - + -
Gluotient Sign + - - +
Remainder Sign + - o -

Figure I-40. Algebraic Sign Control for Division

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

3. In all cases A- and B-bits (plus sign) or B-bit
(minus sign) must appear in the units position 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 assumes the divisor factor is
positive. The divide operation uses algebraic sign
control (Figure 1-40).

4. The dividend is loaded in the low-order positions
of the B-field (Figure I-41) by a ZERO AND ADD in-
struction to ensure that zeros are present in the high-
order positions of the B-field.
5. The B-address in the prvipe instruction specifies
the high-order position of the dividend.

At the completion of division:

a. The quotient is in the high-order positions of the B-field.
The location of the units position of the quotient, is the ad-
dress 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 prvipe instruction). This ensures
that the first divide operation will result in a single high-
order quotient digit. A dividend improperly addressed can
cause an arithmetic overflow if the result of the first divide
operation is greater than 9.

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 =N (L + 2 + 7LgLq + 8L¢) ms.
Lq = length of the quotient field.
L = length of the divisor field.

Dividend
T
0000XXXX

Figure I-41, Dividend in B-field
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+ + Regular
T = tient
XXXX XXX 0001 ol
Quotient Remainder 1234 I 1234 000:::
B-FIELD o3
000001234
Dividend

i
Figure I-42. Location of the Results of a Divide Operation 1234 Diviser

Additional Quotient
digits desired.

Quotient

0001. 000 .

A chart of approximate timings is included in the 1234 _[ 1234000 0001.000
section on Timing. 000 0'0‘ 234.0 oi
.000

. .
Note. A divide operation refers to the process of developing Dividend
each quotient digit. If the quotient field is not large enough, 1234 Divisor

no overflow is indicated. This is a programming error for
which the machine does not check. Division by zero results
in an arithmetic overflow condition. Figure 1-42 shows the Figure 1-43. Additional Quotient Digits
result of a divide operation.

Extra zeros can be added to the dividend prior to a divide Example. DIVIDE (Figure 1-44).

operation when a larger quotient is required. For each addi-

tional quotient digit desired, place one zero to the right of Label Location of
the dividend as shown in Figure I-43. Note that in this exam- Data Word Data Word Description
ple, the units position of the quotient is not located in the DIVEND 0502 1246 Dividend
position previously described in the section At The Comple- DIVSOR 0065 543 Divisor
tion of Division, a. QUOT 0985 Quotient
The quotient field is not cleared before actual division ’ ) '
begins. SPS
(A} OPERAND (8) GPERAND
, Lve a:w":. LAsEL "1;"“:: , oo .1! cmn :5: , oo i CHAR. ;g;:.
el [ A DIVEAD, .. | QUOT. . il ..
Address Registers After Operation. el b o DL DaviSORLL L] IQUOT. L =L 3
I-Add. Reg. A.-Add. Reg. B-Add. Reg. Autocoder
NSI A minus the length Tens position of quo-
of the divisor. tient. If divisor has all s Label .;.2""""23;‘ 25 30 3 Py O:-ERAND 50
zeros, the B-address e A DIVEND ,Quo,T . R
register stands at the PP . LWVSORAGUOT =B i i u s i
units position of the
dividend minus the Assembled Instruction: 2 502 985
length of the divisor % 065 982
minus the length of
the dividend minus 1. Figure I-44. Division
1401 MULTIPLY TIMES* WITH SPECIAL FEATURE
No. Pos. Multiplicand e 1 2 3 4 5 ] -7 8 9 10 1
Number Positions Multiplier 1 276 347 418 489 560 631 702 773 844 915 986
2 414 552 .690 828 966 | 1.104 1.242 1.380 | 1.518 1.656 1.794
l 3 552 748 944 1.140 1.336 | 1.532 1.728 1.924 | 2.120 2.316 2.512
4 .690 943 | 1.196 1.449 1.703 | 1.956 2.209 2.462 | 2.715 2.968 3.221
5 .828 1.139 | 1.450 1.761 2.072 | 2.383 2.694 3.005 | 3.316 3.627 3.938
6 966 1.334 | 1.702 2.070 2.438 | 2.806 3.174 3.542 | 3.910 4.278 4.646
7 1.104 1.530 | 1.956 2.382 2.808 | 3.234 3.660 4.086 | 4.512 4,938 5.364
8 1.242 1.725 | 2.208 2.691 3.174 | 3.657 4.140 4.623 | 5.106 5.589 6.072
9 1.380 1.921 | 2.462 3.003 3.544 | 4.085 4.626 5.167 |5.708 6.249 6.790
10 1.518 2116 | 2.714 3.312 3.910 | 4.508 5.106 5704 | 6.302 6.900 7.498
* Multiply 1401 Times by Factor of .522 for 1460 Times

Figure 1-45. 18M 1401 and 1460 Multiply Times (with Special Feature)
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Multiply and Divide Timing

The four timing charts give the approximate timings
of multiply (Figures 1-45 and 1-46) and divide (Figures
1-47 and I1-48) 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.

Multiply and Divide Subroutines

These are subroutines for multiply and divide opera-
tions, discussed here to illustrate programming meth-
ods and to aid programming for machines not equipped
with the multiply-divide special feature. These are not
the only methods of performing these operations—they
are typical methods.

1401 MULTIPLY TIMES* BASED ON MULTIPLY SUBROUTINE
No. Pos. Multiplicand > 1 2 3 4 5 é 7 8 9 10 1
Number Positions Multiplier 1 3.51 3.63 3.74 3.86 3.97 4.08 4,20 4,32 4.43 4.55 4.67
Value of each l 2 7.10 7.33 7.56 7.79 8.02 8.25 8.48 8.71 8.94 9.17 9.40
Multiplier Digit 3 10.74 11.08 | 11.43 1.727 12,12 | 12.46 12.81 13.15 | 13.50 13.84 14.19
assumed to be an 4 14.42 14.88 | 15.34 15.80 16.26 | 16.72 17.18 17.64 | 18.10 18.56 19.02
average of /5" 5 18.15 18.73 | 19.30 19.88 20.45 | 21.03 21.60 22,18 | 22.75 23.33 23.90
6 21.93 22.62 | 23.31 24,00 24.69 | 25.38 26.07 26.76 | 27.45 28.14 28.83
7 2576 26.57 | 27.37 28.18 28.98 | 29.79 30.59 31.40 | 32.20 33.01 33.81
8 29.63 30.55 | 31.47 32.39 33.31 | 34.23 35.15 36.07 36_.99 37.91 38.83
14 33.54 34.58 | 35.61 36.65 37.68 | 38.72 39.75 40.79 | 41.82 42.86 43.89
(Add 1ms to times showﬁ above if signing of quotient is required)
* Multiply 1401 Times by Factor of .522 for 1460 Times
Figure 1-46. 1M 1401 and 1460 Multiply Times (based on Multiply Subroutine)
1401 DIVIDE TIMES* WITH SPECIAL FEATURE
No. of Pos. in Quotient ——> 1 2 3 4 5 [ 7 8 9 10
No. of Pos. in Divisor 1 276 449 621 794 966 1.139 1.311 1.484 1.656 1.829
2 357 .610 .863 1.116 1.369 1.622 1.875 2,128 2.381 2.634
3 438 771 1.104 1.437 1.770 2.103 2.436 2.769 3.102 3.435
4 518 932 1.346 1.760 2,174 2.588 3.002 3.416 3.830 4.244
5 598 1.093 1.588 2.083 2.578 3.073 3.568 4.063 4,558 5.053
6 679 1.254 1.829 2.404 2.979 3.554 4.129 4.704 5.279 5.854
7 759 1.415 2,071 2.727 3.383 4.039 4.695 5.351 6.007 6.663
8 .840 1.576 2.312 3.048 3.784 4.520 5.256 5.992 6.728 7.464
9 920 1.737 2.553 3.370 4,186 5.003 5.819 6.636 7.452 8.269
10 1.001 1.898 2.795 3.692 4,589 5.486 6.383 7.280 8.177 9.074
* Multiply 1401 Times by Factor of .522 for 1460 Times

Figure 1-47.

1M 1401 and 1460 Divide Times (with Special Feature)
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1401 DIVIDE TIMES* BASED ON DIVIDE SUBROUTINE

No. of Pos. in Quotient ——> 1 2 3 4 5 6 7 8 9 10
No. of Pos. in Divisor 1 8.502 | 13703 | 18.904 | 22762 | 26.411 | 30.060 | 33709 | 37.358 | 41.007 | 44.656
2 8.870 | 13.899 | 18.928 | 22909 | 26730 | 30551 | 34372 | 38.193 | 42.014 | 45.835

l 3 9.238 | 14.094 | 18.950 | 23.060 | 27.054 | 31.048 | 35042 | 39.036 | 43.030 | 47.024

Value of each 4 9.606 | 14290 | 18.974 | 23.208 | 27.374 | 31.540 | 35706 | 39.872 | 44.038 | 48.204
Quotient Digit as- 5 9.974 | 14485 | 18996 | 23.359 | 27.698 | 321037 | 36.376 | 40715 | 45.054 | 49.393
sumed to be an 6 10.342 14.681 19.020 23.507 28.018 32.529 37.040 41,551 46.062 50.573
average of 7 | 10710 | 14876 | 19.042 | 23.658 | 28.342 | 33.026 | 37710 | 42394 | 47.078 | 51.762
“5” 8 | 11.078 | 15072 | 19.066 | 23.806 | 28.662 | 33.518 | 38.374 | 43.230 | 48.086 | 52.942
9 11.446 | 15267 | 19.088 | 23.957 | 28.986 | 34.015 | 39.044 | 44073 | 49102 | 54131
10 11.815 | 15468 | 19.113 | 24.105 | 29.306 | 34.507 | 39.708 | 44.909 | 50.110 | 55311

(Add Tms to times shown above if signing of quotient is required)

* Multiply 1401 Times by Factor of .522 for 1460 Times

Figure 1-48, mM 1401 and 1460 Divide Times (based om Divide Subroutine)

L Mutltiply Subroutine

Clear The block diagram in Figure I-49 illustrates the logic
PZ‘:‘:’ used in developing the two multiply subroutines dis-
cussed here. Both subroutines provide for a maximum
I of a 9-digit multiplier, 11-digit multiplicand, and a 20-

digit product. Both routines use positive factors.
M\}I‘:ia;:I’ier The subroutine written in actual language (Figure
I-50) occupies the 900 block of storage. A multiplier

area is provided in storage positions 901-909, and the

* product area is assigned in storage positions 910-929.
The multiplicand can be located anywhere.
Test
For True
Zero IBM 1401 PROGRAM CHART
Program;_Multiply Subroutine
Prog Date:
ot | [nstruction Effective No.
Neop Ad;s*' O] Remarks of Characters
| redress e[ A7 B ]d nst] Data[Total
| 1| 930 |/| 929 Clear Product Area 4
Test 2| 934 |1 xxx| 909 Load Multiplier 7
For Plus
Zero |3} 941 975 909 0| Test 909 for true zero 8
4 949 |B 975 909 ?| No true zero - test for plus zero 8
Test 5 957 JA  YYY 921‘ No zero - add Multiplicand to Product 7
For Word 6] 964 |s| 994 | 909 Reduce Multiplier by 1 7
Mark 971 (B 941 Branch to zero test 4
8 975 |Vl 995 | 909 |1| Test 909 for Word Mark 8
9| 983 |1 928 | 929 No Word Mark - Shift Right 7
10| 990 B 941 Branch to zero test 4
. Add i
Shift AN 11 994 |1 Constant "1 L
Righ Multiplicand
ight To Product 12| 995 |8 zzz Multiplication complete - Branch back
to Program
I "30"9 | Reduce XXX Location of Multiplier
Product to Mulﬁplier YYY Location of Multiplicand
| Output Area | By 1
Y ZZZ Address of next Program Step
Branch -1 Branch | dlglt Multiphi
Unconditional Branch | Unconditional 9 digit Multiplier
To Zero Test I To To Zero Test 11 digit Multiplicand
| Main Routine | 20 digit Product
| b 1 | e
Figure 1-49. Multiply Flow Chart Figure I-50. Multiply Subroutine (actual)
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IBM 14 01 Symboalic Programming System
Program M v / lL /;,0 // v f UA/“O[/I& el Coding Sheet Page No.L_._|of
Progre d by Date Identification g
(A) OPERAND (B) OPERAND
LINE  |COUNT LABEL OPERATION AOORESS +] om [ ADORESS +] comar. |g|d COMMENTS
3 sle 718 1314 1817 23 ADJ. 27128 34 ADd. 3_5 3940 5_5_‘
oviol 1, JtcAlzEeRrROS, (V| [AREA | | , CLEAR PROD AREA,
o 20 |, , LCAMPLIER | | |[AREA , (=020 LOAD MPLIER |,
9,3,0 L Z|Q|O.T|S|T BI ! raEI\s‘ATlWM‘l ll Lo 4.9.5141 1 II-IIolzxa OB;R|A|N|C|/’/| |r|Q|”|E| 1Z|E|Q|o
o, e 0l |y, , B VITESTWM | | WREA , —i0.20| |?[BRANCH PLYS, ZERC
osol |, , A s MeAND, Vi, | AREA  —008 ADD _MCAND ., , , , , ,
o,e0d |, ., ,, s Vloe~me 1, | JAREA |, =020 SV B 1 FROM MPL ./ E
orol v |y, 1B 2 ROTS T PR B R BRANCH TO ZROTST
08,0l \ ITESTWMIBWZILAS T, , ||, , | AREA, , (=020 UIFTEST, FOR WM ,
09,0l |, ., , |LCAWAREAL , (=00 /| |[AREA, , | | , | SH I FT, AREA RT .1,
vo 0l o by, 1B Y 1ZROTSTI L PR B BRANCH ToO ZROTST
10,0 L LAAISITI s 8, I onono|o| ' : : PR 1 TR : : (] M|U|L’|T| ICIOIM|PIL|£|TIEI L1
veo b bV R I 44
,Islo L 1 i 1 1 1 ] H 1 1 1 1 1 : } i L 1 L 1 : : 1 1 I 1 i 1 1 L 1 L 1 1 1 1 ) 1 1
V,4,0 L TR W ) R R : : Lo L o i i Lo TS N TR TR T SR TR S S R WO S S S |
‘15|°(||||11Ia||4|::11 |||:=|| PR SO IO SR N TR ST TUNN VAT SN TR ST SUNY N |
'1510510 zlElRIOISI D.CIW*I I N T : : I L L1 : : Lo P R S YR TN S S SN SN S NS S S|
17,9 51041RE:4| ' chllw*n P S : : 1 L L : : T TR YT RN WO TONU! FHNUNY UM S S SR SN S S S |
||'|° I‘aMlpiLi/lElR DIC:W*I 1 1 1 1 : : i 1 L 1 L : : 1 1 1 1 1 1 1 1 1 B - 1 1 1 1 1 i
! 1 9 1 o / l/ MICAA INIDI DJQ:W *I 1 1 Il 1 : : | 1 1 1 1 : : L 1 1 i 1 L 1 | 1 1 1 1 1 1 1 1 ]
2,0,0 V4 0!~|E| L ng:w*l PR R : :-tL | ! L ; ll 11 PSS R S VR TR RN TR SR S SR ST R SR S 1

Figure I-51. Multiply Subroutine (Symbolic)

Any program that uses this subroutine must include
a step that moves the multiplier address (XXX) to loca-
tion 937 and the multiplicand address (YYY) to loca-
tion 952.

At the completion of the multiply subroutine, the
program instruction step 12 can use 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 multipler, 928 for
8-digit, 927 for 7-digit, 926 for 6-digit, etc.

The subroutine written using the symbolic program-
ming system ( Figure I-51) parallels the one written in
actual. In this instance, the 1401 (through the proc-
essor program) controls the location of the instruc-
tions, and the data and work areas.

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 prod-
uct area to zeros.

Divide Subroutine

The restrictions placed on this subroutine (Figures I-52
and I-53) are:

. The dividend and quotient fields must be of equal

length.
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.

. The divisor cannot contain more than nine leading

Zeros.

. All fields must be located completely below ad-

dress 999.

. 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.

. A word mark must be located immediately to the

right of the units position of the dividend.

. The quotient area must be preset to zeros or blanks

to develop the correct quotient. If the area is not
zeroed or blanked, then the quotient will be added
to whatever is there. The positions added will de-
pend on the number of leading zeros in the divisor.
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Adjust Addresses

Is
Divisor Digit

\

Add One to
Address and
Quotient Counter

. Does
Find Number of Counter Equal
Significant Digits Length of No
in Divisor Divisor
Adjust Addresses Yes Halt

Subtract Divisor
from Dividend

is
Dividend
Neg

Add Divisor
Back to
Dividend

Add One Adjust Addresses
to One Position
Quotient to the Right

Word Mark

A
Division
Completed
Branch to
Main Routine

Figure I-52. Divide Flow Chart

10. The information shown in Data for Division Sub-
routine (Figure 1-53), except the constant 1 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.
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Numerical Print Control (1401, 1460)

This feature is required when the numerical-print spe-
cial feature is installed on the 18m 1403 Printer (Models
1 or 2 on 1401; Model 2 on 1460). This feature provides
the checking circuitry necessary for the operation of
the numerical-print special feature. For detailed infor-
mation on this feature, refer to the 1BMm 1403 Printer,
Form A24-3073,

Print Control (1401)

This feature controls the additional 32 print positions
of the 1BM 1404 Printer, which includes the storage and
checking circuitry when used with the 1401 only.

Print Control, Additional (1401)

This feature controls the additional 32 print positions
of the 1BM 1403 Printer, Model 2, attached to a 1401,
and includes the storage and checking circuitry. For
detailed information on the 1403, Model 2, refer to
the 1BM 1403 Printer, Form A24-3073.

Print Storage (1401, 1460)

This special feature provides 100 or 132 non-address-
able extra positions of core storage on the 1401 (132
positions are standard on the 1460). They are used as
temporary storage for printer output data.

When this feature is installed, the WRITE LINE in-
struction transfers the data in the printer area (storage
location 201-332) to print storage. Two milliseconds
after the WRITE LINE instruction is given, the normal
printer interlock is released and processing can con-
tinue. Thus, available processing time during a 100-ms
cycle is 98 ms, as opposed to the 16-ms processing time
available when the machine is not equipped with print
storage. The print-storage area interlocks for 84 ms
during printing on 1401 system. Therefore, another
WRITE LINE instruction given during this 84 ms will
cause the program to stop until the interlock is re-
leased.



DATA FOR DIVISION SUBROUTINE

DESCRIPTION OF DATA

Address of word mark position (high

order) of dividend

Address of word mark position (high

order) of quotient

Address of word mark position
divisor

Divisor Address

Counter for number of zeros in
divisor

Constant

Length of the divisor

of

IBM 1401 PROGRAM CHART romM X 24.6437.0
Program: DIVIDE ROUTINE EXAMPLE
Programmer: Date:
| Instruction Effective No.
?:lep Adzsf- o) Remarks of Characters
o. ress 1o A/ B d ] Inst.| Data | Total
Store Address of Word Mark Position
516 M| 507 529 (High Order ) of Divisor
523 |B| 662 YYY |0]| Branch if Divisor Digit Equals Zero
(Number of High
| 531 |S| 512 515 | | (Length of Divisor) - Order Zeros)
| 538 |A| 515 501 | | Adjust Dividend Address
545 A 515 504 Modify Addresses
552 S| 513 501
559 |S 513 504 i
Clear zone from low-order position to
566 Y| 1755 501 prepare for address assignment.
Clear zone from low-order position to
573 |Y| 755 504 prepare for address assignment.
Divide
580 501 642 Set Modified Addresses into Routine
587 M| 501 649
594 M| 501 698 Location of
601 IM 501 705 Data Word Data Word
501 Www
| 608 501 719
| 615 M| 504 657 504 XXX
622 M| 510 639 Set Divisor Address 507 YYY
629 M| 510 695 510 777
636 S| 222 | WWW Subtract Divisor from Dividend 512 00
643 |[v| 692 WWW |K| Branch if Negative Result 513 1
651 |A| 513 | XXX Add One to Quotient 515 NN
658 [B| 636 Repeat Subtraction _
662 |A| 513 529 Add One to YYY Address
669 |a| 513 512 Increase Counter by One
676 [c| 512 515 If Equal, Divisor Equals Zero
683 |B| 523 /| Branch Unequal
683 |.| 1760 Halt - cannot Divide by Zero
692 A| ZZZ | WWW Add Divisor to Dividend
M blank t d k iti
699 |y 755 WWW ofoinev;id:x?d zone to word mark position
706 Al 513 719
713 V| 760 WWW (1| Test for End of Divide
Modify
721 |A] 513 642 Addresses to Develop Next Quotient Digit
728 A 513 649 " " " "
735 Al 513 657 " " " "
742 A 513 698 " " " "
749 A 513 705 " " " "
756 B 636 Return to Divide Calculations
760 Divide Complete
Figure I-53. Divide Subroutine

I-31



With this feature, two indicators can be tested by
the BRANCH IF INDICATOR ON instruction, B(xxx)d.

The print-storage-busy indicator turns o~ during the
first 83'5 ms of the print cycle. The d-character P tests
the indicator. If it is oN, the program branches; if it is
oFF, the next sequential program step is taken.

The printer-error indicator (d-character of =) should
not be tested until the program has determined that the
print-storage-busy indicator is orr. If the error indi-
cator is tested before the busy indicator turns orF, the
system interlocks until the print-storage operation in
process is completed.

The carriage-busy indicator turns on during form-
movement time. The d-character R tests this indicator.
If it is oN, the program branches; if it is orF, the next
sequential program step is taken.

On a 1460 system the print-storage feature provides
a storage medium so that nearly all of the normal inter-
lock time is released during printing (99 ms of process-
ing time released for each 100-ms print cycle). There-
fore, processing time is greatly increased for applica-
tions characterized by high printing requirements.
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Programming Considerations

When the print-storage special feature is installed, an
improperly placed BRANCH IF CARRIAGE CHANNEL #9
(or #12) instruction can cause incorrect carriage over-
flow operation on the 1403.

On a system equipped with print storage, the system
is interlocked for only 2 ms during the 100-ms print
cycle. The system is then free to continue processing

for the rest of the print cycle. Because of this, it is pos-

sible to execute a BRANCH 1F CARRIAGE CHANNEL #9 (or
#12) instruction during this additional processing time.
If this instruction is executed before the print opera-
tion is completed, the instruction actually checks for a
channel 9 or 12 hole too soon.

When the print operation that spaces the carriage
tape to a channel 9 or 12 finally takes place, the chan-
nel 9 or 12 hole will not be checked for until the next
print operation is under way. This condition results in
printing an extra line before the carriage overflow
operation occurs.



Printer (1404) Adapter (1401)

This feature provides the controls and checking cir-
cuitry necessary to attach a 1404 printer to the mm
1401.

Printer Adapter — 1403, Model 3 (1460)

This feature provides the circuitry necessary for attach-
ing and controlling an 1M 1403 Printer, Model 3, on a
1460 system.

Printer Control Adapter —
Second Printer (1460)

This feature provides the circuitry necessary to attach
the first 18M 1462 Printer Control Unit and its associ-
ated 1403 printer to the 1460 system.

Processing Overlap (1401, 1460)

The processing-overlap special feature for the 1BM
1401 and/or 1460 Data Processing Systems provides,
for many applications, great reductions in over-all job
time. The high-speed processing and input-output abil-
ities of the 1401 and 1460 now can be used with maxi-
mum efficiency. Jobs requiring extensive input-output
operations and lengthy programming now can be per-
formed at or near maximum speeds. The actual increase
in efficiency and consequent saving in job time varies
with the specific program, and depends on the input-
output requirements of the particular application.

The processing-overlap feature allows processing to
be interrupted in order to take input-output cycles. A
character can be read, written, or punched between
processing cycles.

Serial input-output devices used with the 1M 1401
and/or 1460 systems, such as the 18m 1011 Paper Tape
Reader and the 1M 1419 Magnetic Character Reader,
can have their operations performed in overlap mode.
In some cases, entire input-output operations can be
overlapped; in others, partial overlapping can occur.

Job time required for card input-output applications
is reduced because the processing operation is not
interlocked during card reading or punching. This is
also true when reading or writing magnetic tape. Tape
operations and processing can occur on alternate cycles.
This ability can result in appreciable increase in job
time economy:.

The processing-overlap special feature makes the
18M 1401 and 1460 Data Processing Systems more pow-
erful tools for use in the field of data processing.

Note: On 1460 systems equipped with this feature and the
1BM 1448 Transmission Control Unit, processing overlap cannot
be used in any program that also uses the 1448,

Data Flow

The overlap special feature requires the addition of an
O-register and an O (overlap)-address register to the
processing unit ( Figure I-54). These registers function
in much the same manner as the A- and B-registers
and the I-, A-, and B-address registers. That is, the
O-register is used for movement of data when operat-
ing with an I/O unit. The O-address register is used

From Tape or 1/0
A
| | Core B A To
Storage Register Register Tape
[e} or 1/0
Register
To 1402 Punch
Address Op
Register Register
Y \
I-Address| [A-Address] [B-Address| }O-Address
Register Register Register Register

Figure 1-54. 1M 1401 and 1460 Processing Overlap Data Flow
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to keep track of the location of data that is moved by
an I/0 operation. These registers, when used by the
program, operate on alternate cycles with the normal
registers. Thus the 1401 takes processing cycles and
then an input-output cycle, when required, instead of
interlocking processing while an input-output opera-
tion is being performed. This means a savings in over-
all job time.

IBM 1402 Card Read-Punch (Model 1 on 1401;
Model 3 on 1460)

When the system is in the overlap mode, processing
can occur during the card cycle in which data is read
from, or punched into, a card. Processing does not
occur during the time used for either read or punch
scanning, but alternates with scanning.

At the beginning of each read or punch scan, the
character in the A-register is sent to the O-register
(Figure 1-55) and the O-address register is set at the
column being scanned. When the read or punch scan
of the character is completed, the character in the
O-register is sent back to the A-register. At this point
processing resumes.

Tape Operations

During a read operation, data from magnetic tape en-
ters the A-register and then moves into core storage.
During an overlap-read operation, data necessary for
processing is contained in the A-register. In order to
save the data, it is sent to the O-register until recalled
for the next processing cycle, before data is read in
from tape to the A-register (Figure 1-56). The O-ad-
dress register contains the storage address in which the
data being read from magnetic tape is to be stored at
the same time that the I-, A-, and B-address registers
keep track of the processing operation being per-
formed

During a write operation, data from core storage
passes throught the B-register and enters the O-regis-
ter (Figure I-57). It is sent to magnetic tape from the
O-register. Processing cycles use the A- and B-register.
The O-address register contains the storage address of
the data being written on magnetic tape. At the same
time the I-, A-, and B-address registers keep track of
the processing operation being performed.

A Process Character
Register

Register

Returns After 1/0 Cycle

Figure 1-55. 1Bm 1402 Overlap Operation
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Magnetic
Tape

Core A Process Character o o
Storage | Register Register

Returns After Tape Cycle

Figure I-56. Overlapped Magnetic-Tape Read Operation

To store the contents of the O-address register at
the end of an overlapped tape operation the following
operations must be performed:

B (xxx)J BRANCH IF TAPE BUSY INDICATOR ON.

- This instruction allows the contents of the
O-address register to be transferred to the
B-address register (with the advanced-pro-
gramming feature) if the indicator is not oN.

Then

H xxx Store B-address register

Other Input-Output Units

Input-output units such as the M 1419 Magnetic
Character Reader, when operating in the overlap
mode, function in the same manner as a magnetic-
tape unit. Overlapping and processing occurs just as
if the operation were a tape read or write operation.

Processing-Overlap Instructions

To signal the system that an operation to be performed
should be done in the overlap mode, special instructions
and A-address changes must be used in the program.

A-Address

The A-address hundreds position of a tape or input-
output unit (not 1405 or 1407) instruction is changed
from 9%, to @. The @ (at) symbol signals the process-
ing unit that the operation to be performed should be
done as an overlap operation. The @ symbol can be
used to signal an overlap operation with the:

18M 1011 Paper Tape Reader

BM 1419 Magnetic Character Reader

1BM 729 11, 1v, v, vi Magnetic Tape Unit

1BM 7330 Magnetic Tape Unit

Core B (o]

Magnetic |
Storage Register

Register Tape

Figure I-57. Overlapped Magnetic-Tape Write Operatiox"n



Overlap On

Instruction Format.

Mnemonic Op Code d-character
SS K $

Function. This instruction sets the system processing
unit in the overlap mode. All 1402 read, punch, and
combination card instructions that follow this in-
struction in the program are performed in the over-
lap mode.

Word Marks. Word marks are not affected.
Timing. T=N (L;+ 1) ms.

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

Example. Set the system in the overlap mode (Figure
1-58).

SPS
- (A} OPERAND {8) OPERAND
LINE  |COUNT LABEL cHAR, | S chan. || d
ADDRESS 4 = ADDRESS 4
3 1.1{] 7ie 134 1817 23 ADJ. 27 4 AN i 39
ool o eSS vt T Ll ~
Autocoder
Lobel perati OPERAND
e () t 25 30 1 S— 43 50
NI X e s

Assembled Instruction: K $

Figure I-58. Overlap On

Overlap On and Branch

Instruction Format.

Mnemonic Op Code I-address d-character
SPS  SS K xXx $
A SSB

Function. Thfs is the same as OVERLAP ON, except that
the next instruction is taken from the I-address.

Word Marks. Word marks are not affected.
Timing. T=N (L;+ 1) ms.

Address Registers After Operation.

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

Example. Set the system in the overlap mode and
branch to CDROUT (0950) for the next instruction
(Figure 1-59).

SPS
(R) OPERAND (8) GPERAND
LINE  |counT LABEL o cuan [ <« e Jg d
3 sle 7]e 13]1a 11014 roomeas 23 ADJ. ;" 21 Aophess 34 ADJ. 3-' 38
ol 1 BSTleoRovTI I, AR
Autocoder
Lobe! rati OPERAND
3Q 38 40 45 80
v, s e

Assembled Instruction: K 950 $

Figure I-59. Overlap On and Branch

Overlap Off

Instruction Format.

Mnemonic Op Code d-character
SS K .

Function. This instruction returns the system process-
ing unit to normal operation. All card input-output
instructions following this instruction are performed
without the overlap feature.

Word Marks. Word marks are not affected.
Timing. T=N (L;+ 1) ms.

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

Example. Place the system in normal operation (Fig-
ure 1-60).

SPS
(A) OPERAND (8) 0PERAND |
e |count| UABEL o] omn |8 o] omn [g|¢
3 103 ris Bﬁ i Aooness 23 ADJ, !-7 20 AooRess I!QI A ‘—. 39
o, v 0] PP F=3 PRRFI B S P hd
Autocoder
Label rati OPERAND
[; ¢ 25 30 3% 40 45 -]
PP 5S LA Ry o L

Assembled Instruction: K *

Figure 1-60. Overlap Off
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Overlap Off and Branch

Instruction Format.

Mnemonic Op Code I-address d-character
SPS SS K XXX L
A SSB -

Function. This instruction is the same as OVERLAP OFF,
except that the next instruction is taken from the
I-address.

Word Marks. Word marks are not affected.
Timing. T=N (L;+ 1) ms.

Address Registers After Operation.

1-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI BI dbb

Example. Place the system in normal operation, and
branch to the routine labeled NORCRD (1771) for
the next instruction (Figure I-61).

SPS
(A} OPERAND {9) OPERAND
LinE  |COUNT LADEL {OPERATION| &+ CHAR, = + cHaR. | g d
3 sle 7s js __wpr foonees ol 29 [ole Hoomes |u' fssall £ E1Y
ool ..,  ISSTWORCRD V. (], .. .. P L]
Autocoder
Label rati OPERAND
30 35 40 49 g0
i $88  IWoRCRD, .. e

Assembled Instruction: K X71 ¢

Figure 1-61. Overlap Off and Branch

Reset Overlap

Instruction Format.

Mnemonic Op Code d-character
SS K |

Function. This instruction is operative only when the
serial input-output adapter special feature is in-
stalled. If the system is performing an overlapped
serial 1/O operation when this instruction is given,
the I/0 device is disconnected from the system.

Word Marks. Word marks are not affected.

Timing. T=N (L;+ 1) ms.
Note. If an overlap magnetic-tape operation is in process when

this instruction is given, the tape unit is disconnected and the
tape transmission error indicator is turned on.
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Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI dbb dbb

Example. Reset overlap mode and return the system to
normal operation (Figure 1-62).

SPS
(A) OPERAND (8) OPERAND |
e jcouT bt ADDRESS s| cuan |g ADDRESS I! CRAR. | g d
3 sle 7]e 211L} shr 3 ADJ. k14 Ei] 34 A 38138
opvpol by BS’ ..... N Ll
Avutocoder
Lobel t OPERAND
30 36 40 Y 80
..... 1 S . RPN

Assembled Instruction: K [

Figure 1-62. Reset Overlap

Reset Overlap and Branch

Instruction Format.

Mnemonic Op Code I-address d-character
SPS SS K XXX |
A SSB -

Function. This instruction is the same as RESET OVER-
LAP, except that the next instruction is taken from
the I-address.

Word Marks. Word marks are not affected.
Timing. T=N (L;+ 1) ms.

Address Registers After Operation.

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

Example. Reset overlap mode and branch to routine
labeled NORMOP (1755) for the next operation (Fig-
ure 1-63).

il SA

SPS
(4) OPERAND (8) OPERAND
LINE  |COUNT LABEL +| cuan T «| conam [gfd
3 sje  7]e 3l 18T rooness |u| AV fer]en hoohess ; A0S, 1330
Avutocoder
Label perati OPERAND
45

Assembled Instruction: K X55 1

IFigure I-63. Reset Overlap and Branch



Read Tape (with or Without Word Marks) in
Overlap Mode

Instruction Format.

Mnemonic Op Code A-address B-address d-character
SPS MU M @xx XXX R (without
- word
marks)
R (with
word
marks)

SPS LU L @xx XXX

Note: The move and load operations differ only in the

handling of the word-separator characters on tape.

Function. The tape unit specified in the A-address is
started. The d-character specifies a tape-read opera-
tion. The @ in the hundreds position of the A-address
indicates that this operation is to be performed in
the overlap mode.

The B-address specifies the high-order positionrof
the tape read-in area of storage. The machine reads
magnetic tape until either an inter-record gap in the
tape record or a group-mark with a word-mark in
core storage is sensed. The inter-record gap indicates
the end of the tape record, and a group mark (code
CBA 8421) is inserted in core storage at this point.

Word Marks. Word marks are not affected in move
mode. However, a word separator character read
from tape causes a word mark to be associated with
the next character transferred to core storage in load
mode.

Timing. T=N (L; + 1) ms + Ty. (See section on
Processing Overlap Timing.)

Note:

1. The internal circuitry of the processing-overlap special
feature temporarily forces the R d-character of the instruction
into the first position of the specified read-in area. If this first
position is used to check for a blank field before the first
character arrives from the I/O unit, the R d-character gives
a false indication of the read-in area’s contents. To ensure
proper system operation, any blank field checking should use
some other read-in area position than the first position.

2. Some of the tape start time is available for processing
when a tape read operation is being performed in the overlap
mode. Refer to Figures I-73 (1401) and I-77 (1460) for the
specific times.

3. Depending on the tape unit, the tape speed, and the
tape density involved, some of the record transfer time may
also be available for processing while the tape-read operation
is being performed in the overlap mode. Refer to Figures I-74
(1401) and I-78 (1460) for the specific times.

Address Registers After Operation.

1-Add. Reg. 0-Add. Reg.
NSI Group mark + 1

Example. Read the record from the tape unit labeled 2
to the core-storage area labeled OUTPAR (0419).

The tape-record characters are moved into core stor-
age until the transfer is stopped by an inter-record
gap in the tape record, or a group-mark with a word-
mark is sensed in core storage (Figure 1-64).

SPS
(A) OPERAND (81 OPERAND
LINE  |COUNT| LABEL A0DRESS !l a,:,‘ ] RS . c‘-:n. g-d
3 sls i 13[4 v 3 o aTjize 34 - 3838
oel |, ., MUTRU2 7T [ OUTRAR T .
Autocoder
Label ati OPERAND
L1 L1 20
o RT. U2,0.UTPAR P

Assembled Instruction: M @U2 419 R

Figure I-64. Read Tape in Overlap Mode (Without Word
Marks)

Write Tape (with or Without Word Marks) in
Overlap Mode

Instruction Format.

Mnemonic Op Code A-address B-address
SPS MU M @xx XXX

d-character
W (without
word
marks
W (with
word
marks

SPS LU L @xx XXX

Note: The move and load operations differ only in the
handling of the word marks in the storage area.

Function. The tape unit designated in the A-address is
started. The d-character specifies a tape-write oper-
ation. The data from core storage is written on the
tape record. The @ in the hundreds position of the
A-address indicates that this operation is to be per-
formed in the overlap mode.

The B-address specifies the high-order position of
the record in storage. A group-mark with a word-
mark in core storage stops the operation. The group-
mark with a word-mark causes an inter-record gap.

Word Marks. Word marks are not affected in the move
mode. However, a word mark associated with any
position in core storage causes a word-separator
character (A841) to be written automatically on
tape, one character ahead of that which contained
the word mark. Thus, word marks are translated to
word-separator characters for tape storage.

Notes:

1. Some of the tape start time is available for processing
when a tape-write operation is being performed in the over-
lap mode. Refer to Figures I-73 (1401), and I-77 (1460) for
the specific times.
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2. Depending on the tape unit, the tape speed, and the
tape density involved, some of the record transfer time may
also be available for processing while a tape-write operation
is being performed in the overlap mode. Refer to Figures
1-74 (1401) and 1-78 (1460) for the specific times.

Address Registers After Operation.

I-Add. Reg.
NSI

0-Add. Reg.
Group mark + 1

Example. Transfer the contents of the core-storage
area labeled TPOUT (0525) to the tape unit labeled
3. The transfer of data is stopped by a group-mark
with a word-mark in core storage (Figure I-65).

SPS

[ (4) oPERAND 181 OPERAND

LiNg - |count LaseL AODRESS s o id ADDRESS o] oo Tgld
3 sls  7]e 13l [ [14 i 14 L) P il £ )
MU U3, T L ITPOUT L. 1M
Autocoder
Label rati OPERAND
t 30 36
U3, TPOVT . . .. .. AN

Assembled Instruction: M @U3 525 W

Figure 1-85. Write Tape in Overlap Mode (Without Word
Marks)

Read Card in Overlap Mode

Instruction Format.

Mnemonic Op Code
R 1
Function. This code, if overlap is o, causes a card to
feed, and causes all 80 columns of information to be
read into core-storage locations 001 through 080
while processing continues.

Word Marks. Word marks are undisturbed.

Timing. T=N (L;+1) ms+1/0.

Note: Processing is interrupted each time a row in the card is
scanned (9-row, 8-row, etc.). The bits in a column are
developed in the A-register, and the O-address register keeps
track of which column is being scanned. While the scanning
operation is being performed, the data required for processing
is temporarily stored in the O-register. When the row scan is
completed, the data in the O-register is sent back to the
A-register and processing continues.

The read-in area of core storage must not be addressed
while an overlap operation is being performed.

Address Registers After Operation.

I-Add. Reg. 0-Add. Reg.
NSI 081
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Example. Read a card in the overlap mode (Figure
1-66).

SPS

(A} OPERAND {8) QPERAND

LIME  |COUNT LABEL

CHAR.
ADJ.

CHAR,

ADDRESS t "
o 0J.

ADDRESS I *
34

S 1nD.
g 1nD.

3 sle _7]s 13)ia jir
¥

0,100 I S S L P S T .t

Avtocoder

OPERAND

Assembled Instruction: 1

Figure 1-66. Read Card in Overlap Mode

Read Card in Overlap Mode and Branch

Instruction Format.

Mnemonic Op Code I-address
R 1 XXX

Function. This is the same as the READ CARD instruction,
except that the next instruction is taken from the
I-address instead of from the next, sequential in-
struction address. The program branch occurs when
the instruction is processed; that is, before card read-
ing is completed.

Word Marks. Word marks are not affected.

Timing.
Without indexing:
T=N (L;+1) ms+1/0.
With indexing:
T=N (L;+2) ms +I/0.

Address Registers After Operation.

I-Add. Reg. 0-Add. Reg.
NSI 081
Example. Read a card in the overlap mode, and branch

to the location labeled OVERCD (1500), Figure
1-67.

SPS

() OPERAND {8) OPERAND

LINE | COUNT| LABEL CHAR,

ADJ,

CHAR.
3 sls__7]e is|ia 1efr ADJ.

. R TlavERCD T, T . . . .. [

ADDRESS -3

H ADDRESS I i|
34

0,1,0

Autocoder

Assembled Instruction: 1 VOO

Figure 1-67. Read Card in Overlap Mode and Branch



Punch Card in Overlap Mode

Instruction Format.

Mnemonic Op Code
P 4

Function. This code, if overlap mode is on, causes the

data in storage locations 101 through 180 to be
punched into an 1M card while processing con-
tinues.

Word Marks. Word marks are not affected.

Timing. T=N (L;+ 1) ms + I/O.

Note. Processing is interrupted each time a row in the card
(12-row, 11-row, etc.) is scanned for punching. The data to
be punched is developed in the B-register, and the O-address
register keeps track of which column is being punched. While
the punch-scan operation is being performed, the data re-
quired for processing (from the A-register) is temporarily
stored in the O-register. When the row punch-scan is com-
pleted, the data in the O-register is sent back to the A-regis-
ter, and processing continues.

The punch-out area of core storage must not be addressed
while an overlap operation is being performed.

Address Registers After Operation.
1-Add. Reg. O-Add. Reg.
NSI 181

Example. Feed a card, and punch in overlap mode
(Figure 1-68).

SPS
{A) OFERAND () OPERAND
R o S v P F Il F e I
el L P Tl i .
Autocoder
Lobel rati OPERAND
s M. 28 20 35 40 43 850
..... h P s i .
Assembled Instruction: 4
Figure I-68. Punch Card in Overlap Mode
Punch Card in Overlap Mode and Branch
Instruction Format.
Mnemonic Op Code I-address
P 4 XXX

Function. This is the same as the PUNCH A CARD in-
struction, except that the next instruction is taken
from the I-address instead of from the next, sequen-
tial instruction address. The branch occurs when the

instruction is processed; that is, before punching has
been completed.

Word Marks. Word marks are not affected.

Timing.
Without indexing:
T=N (L;+1) ms+1/0.
With indexing:
T=N (Li+2) ms +1/0.

Address Registers After Operation.

I-Add. Reg. O-Add. Reg.
NSI 181

Example. Punch a card in overlap mode, and branch to
the location labeled OVSTAT (1758), Figure 1-69.

SPS

(A) OPERAND {8} OPERAND

LINE  {COUNT LABEL CHAR.

ADY.

+

ADDRESS

+f cnan.
21 ADJ.

3 1w0.
S

ADDRESS

3 sle k413 134 sh7 39
el 1 P T bVSTAT L. Il . i
Avutocoder
Laobel rati OPERAND
i 30 35 40 43 080
] [ VSTAT. .
Assembled Instruction: 4 X58

Figure 1-69. Punch Card in Overlap Mode and Branch

Branch if Indicator On

Instruction Format.

Mnemonic Op Code I-address d-character
SPS B B XXX X
A BIN -

Function. The d-character specifies the indicator tested.
If the indicator is oN, the next instruction is taken
from the I-address. If the indicator is orF, the next
sequential instruction is taken. Figure I-70 shows the
symbols that are valid d-characters and the indi-
cators they test.

d-CHARACTER INDICATORS
H Reader Busy
| Punch Busy
J Tape or Input-Output Busy

Figure I-70. Processing Overlap Indicators
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Indicators. Reader Busy. This indicator turns on
when the 1M 1401 is performing an overlapped read
operation. The indicator automatically turns off
when the overlapped read operation is completed.

Punch Busy. This indicator turns on when the 1401
is performing an overlapped punch operation. The
indicator automatically turns off when the over-
lapped punch operation is completed.

Tape or Input-Output Busy. This indicator turns
on when the 1401 is performing an overlapped mag-
netic tape or input-output (1419, or 1011) operation.
The indicator automatically turns off when the over-
lapped operation is completed.

Word Marks. Word marks are not affected.

Timing.
Reader or Punch Busy
No branch:
T=N (L;+1) ms.

Branch (without indexing):
T=N (L;+1) ms.

Branch (with indexing):
T=N (L;+2) ms.

Tape or 1/O Busy

No branch (without indexing):
T=N(L;+1) ms.

No branch (with indexing):
T=N (Lt +2) ms.

Branch (without indexing):
T=N (L;+1) ms.

Branch (with indexing):
T=N (L;+2) ms.

Note. When the tape or I/O busy indicator is not oN, and in-
dexing (part of another 1401 or 1460 special feature) is in-
stalled on the system, an O-Add. Reg.-to-B-Add. Reg. opera-
tion takes place before going to the next instruction. This
operation stores the last address used in the normal manner
for operations such as read-compressed-tape. If indexing is
not installed, the B-Add. Reg. will contain dbb.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
Reader or
Punch Busy
No branch NSI BI dbb
Branch (without
indexing) NSI BI Blank
Branch (with
indexing) NSI BI NSI

I-40

Tape or I/O Busy
No branch (with-

out indexing ) NSI BI dbb
No branch (with 0-Add. Reg.

indexing) NSI BI Contents
Branch ( without

indexing) NSI BI Blank
Branch (with

indexing) NSI BI NSI

Example. Test the reader-busy indicator, and branch
to a routine beginning at the location labeled
RDBUSY (0891), if the indicator is on (Figure I-71).

SPS

{A) OPERAND (8] OPERAND

LINE  [cOUNT LABEL OPERATION

ADDRESS

#| cuan fg ADORESS lt CHAR.
23 ADJ. 21|20 34 ADY.

RDBUSY. .1l . . ... L

3 sls 7]e 3ia 18]

o, 1,0] IIIILB

Autocoder
Lobel perati OPERAND
s 1Siu 1 30 B 40 45 50
... BN |Rngus.\/9H. i e

Assembled Instruction: B 891 H

Figure I-71. Branch if Reader Busy Indicator On

Programming Considerations

1. A l-character B-field arithmetic operation, where
recomplementing can occur, must not be executed
while an input-output unit is operating in the over-
lap mode.

2. During overlap operation the processing-overlap
internal circuitry initiates a dummy B-cycle at the
beginning of an overlap execute operation. This B-
cycle transfers the B-address register contents to
the O-address register. During this address-register
transfer operation, the specified core-storage posi-
tion also reads out to the B-register. This condition |
could cause various problems (see note 1 of the
READ TAPE IN OVERLAP MODE instruction). Another
example would be during binary tape read opera-
tion. The first character position could easily con-
tain a group-mark with a word-mark (sent during
the last operation). When the group-mark with a
word-mark is sensed in the B-register during this
B-cycle, the read-in operation would end, and the
record would not be transferred.

3. In general, no other input-output operation can be
initiated until the preceding overlapped I/0 func-
tion is completed. The exceptions to this rule are:

a. If the 1401 and/or 1461 is equipped with the
print-storage special feature, the following print



instructions can be executed simultaneously with
an overlapped input-output function:

PRINT

FPRINT AND BRANCH

PRINT WORD MARKS

PRINT WORD MARKS AND BRANCH

b. When performing a normal carp REaD instruc-
tion in the overlap mode, the following output
instructions can be performed:

PUNCH

PUNCH AND BRANCH

PRINT AND PUNCH

PRINT, PUNCH AND BRANCH

PRINT WORD MARKS AND PUNCH

PRINT WORD MARKS, PUNCH AND BRANCH

Note: The last four instructions involving the printer
would require the print storage feature to be installed on the
system in order for it to be overlapped.

It is possible to maintain an approximate ratio of three
card-read operations to one card-punch operation with the
proper placement of BRANCH ON BUsY instructions. That is,
after a punch operation, test for punch busy. If it is not
busy, branch back to punch. If it is busy, test for reader
busy. If the reader is not busy, perform a read operation and
branch back to the test-punch-busy operation. If the reader
was busy, go to the main program (which eventually goes
to the test-punch-busy operation).

¢. When performing a normal PuncH instruction,
the following additional input-output instruc-
tions can be performed:

READ

READ AND BRANCH

PRINT AND READ

PRINT, READ AND BRANCH

PRINT WORD MARKS AND READ

PRINT WORD MARKS, READ, AND BRANCH

Norte: The last four instructions would require print stor-
age in order to be overlapped.

d. If performing a tape operation in the overlap
mode, a READ or PUNCH instruction in the overlap
mode can be given successfully so long as the
total tape operation is completed before the first
read or punch scan (inability to store address of
last position of tape record can result).

e. The last card indicator is turned on during the
time the last card is being read. Therefore, to
ensure proper reading of the card, test for a
reader busy condition before the branch on last
card test is given

The last card indicator is turned off if the sys-
tem is in an overlap mode, and the program
completes a successful branch if the last card in-
dicator is ow.

System-Interlock Conditions

The following conditions cause the 1401 system to
interlock:

1. When the 18M 1401 and/or 1460 is operating in an
overlap mode, the system interlocks under certain
conditions.

B (xxx) ? BRANCH ON READER ERROR. If the reader is

- operating when this instruction is given, the
1401 or 1460 interlocks until the overlapped
operation is completed, before making the
error test. If punching is being overlapped
at the same time, the 1401 or 1460 inter-
locks until the end of the read and the punch
operations.

B (xxx) ! BRANCH ON PUNCH ERROR. If the punch is

- operating when this instruction is given, the
1401 or 1460 interlocks until the overlapped
operation is completed before making the
error test. If the reader is being overlapped
at the same time, the 1401 or 1460 interlocks
until the end of the read and the punch
operations,

B (xxx) L BRANCH ON TAPE TRANSMISSION ERROR. If
- the tape adapter unit is busy when this in-
struction is given, the 1401 or 1460 inter-
locks until the TAU is not busy, before
making the test for a tape transmission error.

B (xxx) H BrANCH ON READER BUsY. If the reader is
- busy when this instruction is given, and the
interlock-stop condition is on in the 1402,
the 1401 or 1460 stops. The stop occurs for
these conditions:
a. a card jam in the 1402 read or punch feed
b. a full stacker
c. an empty hopper
d. the I/O check stop switch on the 1401
or 1460 console is oN, and one of the fol-
lowing conditions occurs:
Hole-count check
Validity check
Punch check

B (xxx)I BRANCH ON PUNCH BUSY, If the punch is
- busy when this instruction is given, and the
interlock-stop condition is oN in the 1402,
the 1401 or 1460 stops. The stop occurs for
these conditions:
a. a card jam in the 1402 read or punch feed
b. a full stacker
c. an empty hopper
d. the I/O check stop switch on the 1401
or 1460 console is oN, and one of the fol-
lowing conditions occurs:
Hole-count check
Validity check
Punch check

2. When operating in the overlap mode, the following
conditions cause a processing unit stop:

a. When a storage-address error occurs, processing
stops.

b. If a process error occurs during an overlapped
I/O cycle, processing stops immediately; how-
ever, the input-output operation continues.
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PROCESSING TIME AVAILABLE
OPERATION 1402 CYCLE STANDARD WITH READ WITH PROCESSING
ms ms RELEASE ms OVERLAP ms
Read 75 10 31 63
Read Column Binary 75 10 31 52
Punch 240 22 59 224
Punch Column Binary 240 22 59 212
Read and Punch 240 22 56 213
Read-Punch Feed 240 22 56 209

Figure 1-72, Summary of Overlapped Card Operation Timing (1401 system,

c. If a process error occurs between overlapped 1/0
cycles, processing stops immediately, and the
input-output operation continues.

3. Read and punch-release operation codes (8 and 9)
are not operative in the overlap mode. However, the
read or punch (1 and 4) operation codes, when used
in the overlap mode, perform the same function. If
a tape operation overextends the time allotted it
(data to or from tape is still being processed when
data from a card is available), a tape transmis-
sion error occurs and the data from tape does not
enter/leave core storage. Normal tape-error proce-
dure can correct this type of error. If a tape opera-
tion is given after a read or punch (1 or 4) operation,
the tape operation and processing are interlocked
until the read or punch operation is completed.

Processing-Overlap Timing

The addition of the processing-overlap special feature
can provide significant reductions in over-all job times.
To gain the greatest advantage from this feature, care-
ful timing consideration should be given to the devel-
opment of each program and to the operations that
will be overlapped. Charts showing the increase of
available processing time by using this feature are in-
cluded to aid in the efficient placement of the over-
lapped instructions.

IBM 1401 System Timing Considerations

The input-output units that can make use of the proc-
essing-overlap special feature on the 1401 system are:
. 1BM 729 Magnetic Tape Units, Models 1, 1v, v

. 1M 1011 Paper Tape Reader, Model 1

. 1M 1402 Card Read-Punch, Model 1

. 1M 1419 Magnetic Character Reader, Model 1
BM 7330 Magnetic Tape Unit

UL 0 DO
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IBM 1011 Paper Tape Reader

One core-storage cycle is required for the transfer of
each character read from the 1011. The core-storage
cycle is 11.5 usec. The character rate for the 1011 is
1 character every 2000 usec. This leaves an available
processing time of 1989.5 usec between 1011 characters.

IBM 1419 Magnetic Character Reader

One core-storage cycle is required for the transfer of
each character read from the 1419. The core-storage
cycle is 11.5 usec. The actual 1419 speed is dependent
upon the document length and the stored program.

IBM 1402 Card Read-Punch

When reading cards in the overlap mode, processing is
interrupted each time a row in the card is scanned.
During a normal 75-ms card read cycle, 63 ms are avail-
able for other processing. The available processing
time for this operation, and other card read-punch
operations, are shown in Figure I-72.

Magnetic Tape

Without the processing-overlap special feature, the
processing unit is interlocked during the entire tape
operation. However, the addition of processing overlap
releases the processing unit so that other processing
can occur during the tape start times of a high-density
tape operation as shown in Figure I-73.

. . . Start Time Available

Tape Unit | Operation | Total Start Time (ms) For Processing (ms)
7330 Read 10.3 10.3
Write 5.0 5.0
729 11/V Read 10.5 6.6
Write 7.5 7.3
729 v |_Read 6.7 4.4
Write 5.0 4.9

Figure 1-73. Magnetic-Tape Start Times Available for
Processing on 1401 System



processing.

Tape Average Average
Tape | Tape [Operation| Character | Transfer | Processing Time

Unit | Density Rate Per Char Available
(ms) (ms) (ms)
Read 139 0115 127
200 CPI V:?t :39 0115 127
7330 R ": .050 .0]4 .036

e . . .
556 CPI Write .050 .0115 .038
729 Read .067 0115 .055
/v |20 Py e .067 0115 .055
729 Read .044 .014 .030
C
v/vi| 20 CP .044 .0115 .032
Figure I-74. Magnetic-Tape Record Transfer Times Available

for Processing on 1401 System

In addition to making tape operation start times
available for processing, the processing-overlap special
feature also makes some time available during the rec-
ord transfer time at the tape speeds and tape densities

shown in Figure 1-74.

Figure I-75 can be used to help determine the
amount of processing time available during overlapped

tape read and/or write operations.

An example of available processing time is: Reading

IBM 1460 System Timing Considerations

Without the processing-overlap special feature, only
12.8 milliseconds of the total time is available for

The input-output units that can make use of the proc-
essing-overlap special feature on the 1460 system are:

1. 1BM 729 Magnetic Tape Units, Models 11, v, v, vI
2. 1M 1011 Paper Tape Reader, Model 1
3. 1M 1402 Card Read-Punch, Model 3

4. 1BM 1419 Magnetic Character Reader, Model 1
5. 1BM 7330 Magnetic Tape Unit

IBM 1011 Paper Tape Reader

One core-storage cycle is required for the transfer of
each character read from the 1011. The core-storage

cycle is 6 usec. The character rate for the 1011 is 1

a 1000-character tape record written in high-density

(556 CPI) on an mm 7330 Magnetic Tape Unit, with

the processing-overlap special feature.

Tape Operation Time

Start Time
Record Time

Remaining TAU Interlock

Time
Total Time

*Assumes that the tape error indicator is tested at the proper

Total Time Time Available For

(ms) Processing (ms)
10.3 10.3

50.0 36.0

12.9 12.9*

73.2 59.2

IBM 1419 Magnetic Character Reader

character every 2000 usec. This leaves an available
processing time of 1994 psec between 1011 characters.

One core-storage cycle is required for the transfer of

each character read from the 1419. The core-storage
cycle is 6 psec. The actual 1419 speed is dependent

IBM 1402 Card Read-Punch

upon the document length and the stored program.

When reading cards in the overlap mode, processing is

time.
Tape
Adapter Approximate Processing Approximate
Unit Time Available (ms) Gain In
Tape Tape Interlocked Without With Processing
Unit Density Operation (ms) Overlap Overlap Time (ms)
200 CPI Read 21.1+CN 10.5 21,1+ 127N 10.6 + 127N
7330 Write 20.9+ CN 15.9 20.9+ 127N 5.0+ 127N
556 CPI Read 20.5+ CN 10.1 20.5+ 036N 10.4 + 036N
Write 20.3+ CN 15.3 20.3 + 038N 5.0+ ,038N
200 CPI Read TT.T+ CN 0.6 11.1+ 055N 10.5 + 055N
72911/ Write 12,1+ CN 4.6 12,1+ ,055N 7.5+ 055N
556,/800 Read 10.7+ CN 0.2 6.8 6.6
(o] Write 11.7+ CN 4.2 11.5 7.3
200 CPI Read 7.1+ CN 0.4 7.1+ 030N 6.7 + .030N
729 IV/VI Write 8.1+ CN 3.1 8.1+ ,032N 5.0+ ,032N
556 CPI Read 6.8+ CN 0.1 . 4.4
Write 7.8+ CN 2.8 7.7 4.9
Figure 1-75. Summary of Available Processing Time During Magnetic Tape Operations on the 1401 System

interrupted each time a row in the card is scanned.
During a normal 75-ms card read cycle, 68 ms are



1402 Available Processing Time (ms)
Operation Cycle X With

P Time (ms) | Standard \A‘l;rh Read Processing
elease Overl

erlap

Read 75 10 31 68
Punch 240 22 59 230
Read Column Binary 75 10 31 63
Punch Column Binary 240 22 59 224
Read and Punch 240 22 56 224
Punch Feed Read 240 22 56 223

Figure I-76. Summary of Overlapped Card Operation Timing
(1460 System)

available for other processing. The available process-
ing time for this operation, and other card read-punch
operations, are shown in Figure 1-76.

Magnetic Tape

Without the processing-overlap special feature, the
processing unit is interlocked during the entire tape
operation. However, the addition of processing overlap
releases the processing unit so that other processing
can occur during the tape start times of a high-density
tape operation as shown in Figure 1-77.

In addition to making tape operation start times
available for processing, the process-overlap special
feature also makes some time available during record
transfer time on some tape units as shown in Figure
1-78.

Figure I-79 can be used to help determine the
amount of processing time available during overlapped
tape read and/or write operations.

. . Start Time Available
Tape Unit| Operation | Total Start Time (ms) For Processing (ms)
7330 Read 10.3 10.3
Write 5.0 5.0
729 11 Read 10.5 10.5
Write 7.5 7.5
729 IV Read 6.7 4.4
Write 6.0 4.9
729 v Read 10.5 6.6
Write 7.5 7.3
729 VI Read 6.7 4.4
Write 5.0 4.9

Figure I-77. Magnetic-Tape Start Times Available for
Processing on the 1460 System

Average

Tape | Tape |Operation|Character| Average | Processing Time
Unit | Density Rate | Time/Char| Available/Char

(ms) (ms) (ms)

Read .139 .006 .133

7330 200 CPI Write .139 .006 .133

556 CPI Read .050 .006 044

Write .050 .006 044

200 CPI Read .067 .006 .061

729 Write 067 .006 .061

v R i .

556 CPI Read 024 007 017

Write .024 .006 .018

729 Read 044 .006 .038

C
v/vi| 220 Py .04 .006 .038

Figure I-78. Magnetic-Tape Record Transfer Times Available
for Processing on the 1460 System

Tape
Adapter Approximate Processing Approximate
Unit Time Available  (ms) Gain In
Tape Tape Interlocked Without With Processing
Unit Density | Operation (ms) Overlay Overlay Time (ms)
200 CPI Read 21,1+ CN 10.5 21,1+ 133N 10.6 + 133N
7330 Write 20.9+ CN 15.9 20.9+ 133N 5.0+ .133N
556 CPI Read 20.5+ CN 10.1 20.5+ 044N 10.4 + 044N
Write 20.3+ CN 15.3 20.3 + .044N 5.0+ ,044N
200 CPI Read 11.1+ CN 0.6 11.1+ 061N 10.5+ .061N
729 11I/IV Write 12,1+ CN 4.6 12.1+ 061N 7.5+ 061N
556 CPI Read 10.7+ CN 0.2 10.7+ LOI7N 10.5+ 017N
Write 11.7+ CN 4.2 11.7+ .018N 7.5+ 018N
729 v 800 CPI Read 10.7 + CN 0.2 5.8 5.6
Write 11,7+ CN 4.2 11.5 7.3
200 CPI Read 7.0+ CN 0.4 7.1+ 038N 6.7+ .038N
729 IV/VI Write 8.1+ CN 3.1 8.1+ .038N 5.0+ .038N
556 CPI Read 6.8+ CN 0.1 4.5 4.4
_____ Write 7.8+ CN 2.8 7.7 4.9
Read 6.8+ CN 0.1 4.5 4.4
729V 800 CPI Write 7.8+ CN 2.8 7.7 4.9

Figure 1-79. Summary of Available Processing Time During Magnetic Tape Operations on the 1460 System
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Some examples of available processing time are:

1. Reading a 1,000-character tape record written in
high density on an 1BM 729 1 tape unit, with the
processing-overlap special feature.

Total Time Time Available
(ms) for Processing (ms)

Tape Operation Time

Start Time 10.5 10.5
Record Time 24.0 17.0
Remaining TAU Interlock
Time 2 2%
Total Time 34.7 27.7

* Assumes that the tape error indicator is tested at the proper
time. :

2. Writing a 1,000-character tape record in high
density on an 1M 7330 tape unit, with the process-
ing-overlap special feature.

Total Time Time Available
(ms) for Processing (ms)

Tape Operation Time

Start Time 5.0 5.0
Record Time 50.0 44.0
Remaining TAU Interlock
Time 15.3 15.3%
Total Time 70.3 64.3

* Assumes that the tape error indicator is tested at the proper
time.

3. Writing a 1,000-character tape record in high
density (800 CPI) on an 1M 729 vI tape unit, with
the processing-overlap special feature.

Total Time Time Available
(ms) for Processing (ms)

Start Time 5.0 49

Tape Operation Time

Record Time 11.1 —_
Remaining TAU Interlock
Time 2.8 2.8%
Total Time 189 w7

*Assumes that the tape error indicator is tested at the proper
time.

Punch-Feed Read Control (1401, 1460)

This feature is required when the punch-feed-read
special feature is installed on the 1M 1402 Card Read-
Punch, Model 1 or Model 3. The feature provides the
controlling circuitry necessary for the proper operation
of the punch-feed-read special feature. For detailed
information on the feature, refer to the 18m 1402 Card
Read-Punch, A24-3072.

Read-Compare Adapter (1401)

This feature provides the controlling circuitry for the
read-compare feature on the M 1404 Printer. For de-
tailed information, refer to the 1BMm 1404 Printer, A24-
1446.

Read-Punch Release (1401, 1460)

With this feature, it is possible to release the read-start-
time and punch-start-time interlocks that normally
occur during card-read and card-punch cycles, thus
providing more processing time during input-output
operations.

Start Read Feed

Instruction Format.

Mnemonic Op Code
SRIF 8

Function. This instruction works in conjunction with
the read-release special feature. It releases the inter-
lock that occurs during read start time, and permits
a gain of 21 milliseconds of processing time between
card-read cycles. Also, it activates the card-read feed
and moves the next card into reading position.

Word Marks. Word marks are not affected.

Timing. T=N (L;+ 1) ms.

Note. After the START READ FEED instruction is executed, a
READ A CARD instruction must be given before the reader is
ready to read the 9-row of the card. If the READ cARD
instruction comes too late, then the card is not read, and
feeds into the NR pocket, and the machine stops. The reader
light comes oN, and the I-address register is at the location
of the instruction following the one on which read release
time was overextended, To ensure optimum processing time,
a START FEED READ instruction should follow the READ cArD
instruction, within 10 ms, if continuous card reading is
desired. Then the machine is ready to accept the next read
instruction on the following cycle.

START READ FEED instructions can also be given in cases
other than those that cause continuous card feeding, provided
that a READ A caRD instruction follows within the next 21
milliseconds. For this reason subroutines that can be executed
after the START READ FEED instruction has been given should
be timed to determine whether a READ caRmD instruction is
necessary in the subroutine as well as in the main routine.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI Ap Bp
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Example. Release the interlock on the card reader and
feed a card (Figure 1-80).

SPS
(A) OPERAND (8) OPERAND
RATION| 9 ;| d
Line |coun LAseL o°e ADDAESS x| oue g AODRESS li| bl
3 sjs _7]e 3lia sl 23/ o Javlze 34 " _13a|3e
1) T 1
0,1 ,0 [ R T W S ) 11 LA ).k : L I -
Autocoder

OPERAND

Assembled Instruction: 8

Figure I-80. Start Read Feed

Start Punch Feed

Instruction Format.

Mnemonic Op Code
SPF 9

Function. This instruction works in conjunction with
the punch-release special feature. It releases the
interlock that occurs during punch start time, and
allows a gain of 37 milliseconds of processing time
between card punch cycles. It also activates the card
feed, and moves the card into punching position.

Word Marks. Word marks are not affected.

Timing. T=N (L;+ 1) ms.
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Note. After a START PUNCH FEED instruction is executed, a
PUNCH A CARD instruction must follow before the machine is
ready to punch the 12-row of the card. If no puNcH cARD
instruction is interpreted, the card feeds past the punch
station without being punched and the machine stops. (The
card punched on the previous cycle is not checked.) The
I-address register is at the location of the instruction fol-
lowing the one on which punch release time was overex-
tended. For this reason, if cards are to be punched every
cycle, a START PUNCH FEED instruction should be given within
22 ms after the PuNCH CARD instruction, so that the machine
is ready to punch the next card on the following punch
cycle. If cards are not to be punched every cycle, a puncu
CcARD instruction should always follow a sTART PUNCH .FEED
instruction within 37 ms to ensure proper machine operation.

When the punch-release special feature (Op code 9) is
used in conjunction with punch-read-feed special feature
(Op code 4R), the 9 Op code must have an R d-modifier.
The R d-modifier activates the punch-feed-read brushes.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI Ap Bp

Example. Release the punch interlock, and feed a card
(Figure 1-81).

SPS
(A} OPERAND {8} OPERAND
LINE  |COUNT LABEL + CHAR, g + CHAR, =' d
3 sle _7]s wlia w)ir Aoomess e roomess ln, el £ £1
el 1 BPA L L
Autocoder
OPERAND
Lobel perati 50 " “ P -
al " A Laaa s n " iy i
Assembled Instruction: 9
Figure 1I-81. Start Punch Feed




Scan Disk (1460)

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 conditions predeter-
mined by the program.

Scan Disk

Instruction Format.

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

SPS MU MorL 7 XXX w
LU %F8
9

A SDL (core contents = disk-record contents)
SDE (core contents = disk-record contents)
SDH (core contents = disk-record contents)

SDILW (core contents = disk-record contents —
word marks)

SDEW (core contents = disk-record contents —
word marks)

SDHW (core contents = disk-record contents —
word marks)

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 stor-
age. An 8 specifies a scan operation that stops when
the search argument in core storage is equal to
(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 opera-
tion 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 core-storage position of the disk-control
field that specifies the starting address in disk stor-
age. The record area associated with the disk-control

Starting Address Control Field
Core Storage *01231020$$$5A45798%
- — T ————

B-address -f Search Argument

Figure I-82. Record in Core Storage for Scan Operation

field contains the search argument. The search argu-
ment 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 positions of
the core storage read-in that are not a part of the
search argument (Figure 1-82). The search argu-
ment can be variable in length, but must be no
longer than 99 characters. The last character of a
sector (100th) cannot be included as part of the
search argument. The units positions of the search
argument should be followed by a group-mark with
a word-mark that signals the end of the search argu-
ment.

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

1. when the specified comparison is found. The
sector-count field may, or may not, be all zeros at
this time.

2. when the operation reaches the end of a cylinder.
The sector-count field may, or may not, be all zeros
at this time.

3. 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 =.006 (L;+ 1) + 2Ny + disk rotation. 400
ms is the maximum time for scanning one 1311 cylin-
der (200 sectors); 1,332 ms is the maximum time for
scanning one 1301 cylinder (800 sectors).

Note. The result of the scan is determined by testing the high,

low, or equal compare indicators with the BraNCH 1F INDI-
CATOR ON instruction.

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+Ly

Example. Scan disk storage for an equal compare be-
ginning at sector-address 012510 and continue scan-
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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 (966-974), Figure 1-83.

SPS
(A] OPERAND 18} OPERAND
LINE COUNT LABEL o -
3 sle R4 L) 13|14 e hi7 hooress : c‘";: :'7 28 Hoohess : C::": :_l 38|
ool o |, .. ..  MUTEEFS, .. 11,  [[BCANAR, | . [ W
Avutocoder
Label rati OPERAND
n 1 0 3 40 4 %0
DE CANAR, , . . - et

Assembled Instruction: M %F8 966 W

Figure I-83. Scan Disk Equal

Seek-Overlap Adapter (1460)

This feature is required when the seek-overlap feature
is installed on the M 1311 Disk Storage Drives at-
tached to a 1460 system. This feature provides some of
the circuitry necessary for proper operation of the
seek-overlap feature.

Selective-Tape-Listing Control (1401, 1460)

This feature is required when the selective-tape-list-
ing special feature is installed on the 18BM 1403 Printer,
Model 1, 2, or 3, and it provides the controlling cir-
cuitry necessary for proper operation of the selective-
tape-listing feature.

Sense Switches (1401)

Six sense switches make it possible to control the stored
program from the 1401 console (Figure 1-84). The
BRANCH IF INDICATOR ON instruction expands to allow
the program to test each switch.

E F G

Figure I-84. Sense Switches
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For example, a sense switch is turned on if printing
only is required for a given job. If the switch is OFF,
the data is to be printed and punched.

The program can be written to interrogate the set-
ting of this sense switch, to determine whether the
data is to be printed and punched or just printed. The
setting of a sense switch should not be changed while
the system is operating.

Branch if Indicator On

Instruction Format.

Mnemonic Op Code I-address d-character

SPS B B XXX X
A BIN + d-character

Function. This instruction tests the position of the tog-
gle switch specified by the d-character. If the switch
is in the on position, the next instruction is taken
from the I-address. If it is oFF, the program con-
tinues with the next sequential instruction.

Branch to the I-address if:

Sense switch B is on
Sense switch C is on
Sense switch D is on
Sense switch E is on
Sense switch F is on
Sense switch G is on

d-character

QHEUOWw

Word Marks. Word marks are not affected.

Timing.
No branch:
T=N (L;+1) ms.

Branch (without indexing):
T=N (L;+1) ms.

Branch (with indexing):
T=N (L;+2) ms.

Note. Sense switch A (last card switch) is standard in all sys-
tems equipped with an 1BM 1402 Card Read-Punch. When
the last card passes the second reading brushes, and switch
A is in the oN position, the last-card indicator is turned on
and a B xxx A instruction causes a branch to the I-address.
It is turned orFF; on a run-in; if the switch is physically
turned ofFF; or if the start reset key is pressed.

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



Example. Branch to the subroutine labeled CLWARE
(beginning at 0585) if sense switch G is on (Figure
1-85).

SPS

(A) OFERAND

LINE  [COUNT LABEL
ADDRESS + CHAR, CHAR.
™ ADJ. ™ ADN,

(9) OPERAND

1% IND.

ADDRESS b
34

3 sje Tie 13{t4 ey
Y P BT CAWAREL I 11

Autocoder

I! Label 4%””“:3%1 26 20 36 40 A8 ]
il I N /.Uﬂﬂfjé. PR

Assembled Instruction: B 585, G

Figure I-85. Branch if Indicator (Sense Switch G) On

Serial Input/Output Adapter (1401, 1460)

This special feature is required to attach these compo-
nents to the 1401 and 1460 systems:

1009 Data Transmission Unit

1011 Paper Tape Reader

1012 Tape Punch

1412/1419 Magnetic Character Reader

1418 Optical Character Reader

1428 Alphameric Optical Reader 7
7710 Data Communication Unit (1401 only)
Direct Data Channel

7040/7044 System (1401 only)

One adapter can be used for any of these attachments,
but only one attachment can be connected at a time.

Space Suppression (1401;
Standard on 1460)

This feature provides program control for space sup-
pression on the printer attached to the system. The
character S is used as a d-modifier character with any
WRITE instruction (operation codes 2, 3, 6, 7). The S
prevents the automatic spacing operation after the
next print operation. The next line printed appears on
the same line as the line printed by the spAcE supPPRESS
instruction—2 S.

Tape Intermix (1401, 1460)

This special feature makes it possible to have 729 1,
1v, v, vi and 7330 magnetic tape units in any combina-
tion, connected to the same 1401 and/or 1460 system
at one time. Thus, the tape units best suited for the
job to be done can be used. Some jobs may require a
pair of high-speed tape units (729 1v’s) while the re-
mainder of the operation can be performed on a slower
unit (7330).

Now, any combination of tape units can be provided
to best suit the need of the application, thereby greatly
increasing the flexibility of the 1M 1401 and 1460 Data
Processing Systems to meet the requirements of any
application,

Track Record (1460)

The track-record special feature provides for reading
or writing an entire disk track with or without the
track address. For 1BM 1311, a single, 6-digit address
is used, followed by 2,980 characters (2,543 for mBM
1301) in the move mode and 2,682 characters (2,261
for 18M 1301) 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 and 1311 drives.

Read Disk-Track Record

Instruction Format.

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

SPS MU MorL %F2 XXX R
LU (word marks)

A RDTR

RDTRW (word marks)

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. From the 1311 disk track
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2,980 characters (2,543 for 1301) are read in move
mode or 2,682 characters (2,261 for 1301) in load
mode. The additional 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.

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 reserved
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. For the 1311, the position of the group-mark
with a word-mark is determined by adding 2,991
(2,554 for M 1301) to the B-address.

1311 Timing. T =.006 (L;+ 1) + 40 ms + disk rota-
tion.*

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

1301 Timing. T =.006 (L; + 1) + 33.3 ms + disk rota-
tation.*

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

Note. 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.

(1311) (1301)
I-Add. Reg. A-Add. Reg. B-Add. Reg. B-Add. Reg.
NSI B+6 B+11+2980 B+ 11+ 2543
or or

B-+11+2682 B+ 11+2261
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Example. Read disk track 012540 in core storage begin-
ning at location 976 (area is labeled TRSEC1). The
high-order position of the disk address is in the first
ten positions of the label (966-975), Figure 1-86.

SPS
(A) OPERAND (8] OPERAND
LINE | COUNT LABEL OPERATION ADDRESS + CHAR. g ADDRESS * CHAR, E d
3 0] rle 13j14 .17 04 27128 34 A0J. 8] 39
ool Lo MuTEFZ T T TRSECY T[]
Autocoder
Label perati OPERAND
15l i 35 40 43 1)
i RDTR, [TRSEC1 .

Assembled Instruction: M %F2 966 R

Figure I-86. Read Disk Track Record

Read Disk-Track Record with Address

This instruction is the same as READ DISK-TRACK RECORD
with these exceptions:

Instruction Format.

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

SPS MU MorL W@ XXX R
LU (word marks)

A RDTA

RDTAW (word marks)

Function. The @ in the A-address (9F@) specifies
that the address of the track record in disk storage
is also read into core storage with the data on the
disk track. '

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.

Address Registers After Operation.

(1311) (1301)
I-Add. Reg.  A-Add. Reg. B-Add. Reg. B-Add. Reg.
NSI B+9 B+11+2986 B+ 11+2549

or or
B+11+2988 B+11+ 2267

Example. Read the address and data from disk track
012540 into core storage beginning at location 476



(area is labeled TRECAD). The high-order position
of the disk-control field is in the first ten positions of
the label (466-475), Figure 1-87.

SkS
[ (A) OPERAND (D) OPERAND
LINE | COUNT. LABEL OPERATION ] cuan [g £| cman g d

3 sle e 13]14 ishir AooREsS :l ADJ. !-7 28 hooRess ’!l Aol ‘!. 39
ool fo L MUTRBF@ 1L RECAD |
Avtocoder

§ OPERAND

i

Label perati 0 " “©
DTR [TRECAD .

Assembled Instruction: M %F@ 466 R

Figure I-87. Read Disk Track Record with Address

Write Disk-Track Record

Instruction Format.

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

SPS MU MorL FF2 XXX w
LU (word marks)

A WDTR

WDTRW (word marks)

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. From core storage an entire
1311 disk track of 2,980 characters (2,543 for 1301) is
written in move mode or 2,682 characters (2,261 for
1301) 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 a 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 mod-
ified, but the sector-count field in core storage is re-
duced 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 data from core storage, and the wrong
length record and any-disk condition indicators are
turned on. For the 1311, position of the group-mark
with a word-mark is determined by adding 2,991
(2,554 for 1301) to the B-address.

1811 Timing. T =.006 (L;+ 1) + 40 ms + disk rota-
tion.*

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

1301 Timing. T = .006 (L;+ 1) + 33.3 ms + disk ro-
tation.®

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

Note. 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.

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 per-
formed until the check of data written on the disk is ac-
complished.

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 written
on the disk (the word mark is ignored).

Disk tracks adjacent to, but not above or below, a disk
track written with the WRITE DISK-TRACK RECORD instruction
must be either unused or set up as a track record. If the
adjacent tracks are written using WRITE DISK SECTOR Or WRITE
DISK SECTOR WITH ADDRESSES instructions, interference occurs
to the track-record data stored in what is normally the gap
between sectors.

Address Registers After Operation.

(1311) (1301)
I-Add. Reg. A-Add. Reg. B-Add. Reg. B-Add. Reg.
NSI B+6 B+11+2980 B+ 112543

or or
B-+11+2682 B+ 11+ 2261

Example. Write a disk-track record from the data in
the core-storage area labeled TRSEC1 (the first posi-
tion of data is at 976). The high-order position of the
disk address is in the first ten positions of the label
(966-975), Figure 1-88.
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SPS
(4) OPERAND (8) OPERAND
LINE |cOuNT LABEL OPERATION A0DRESS £] onan [g ACORESS +| cHan §'4
s sle __7]s e u& ol A% forlae sal A% |salse
el 1. .. . MUTRFZ T [TRSECA .
Avtocoder
t OPERAND
Labet o peration 0 " © o %0
L TRMTRSECL . . . ... . A

Assembled Instruction: M %F2 966 W

Figure 1-88. Write Disk Track Record

Write Disk-Track Record with Address

This instruction is the same as WRITE DISK-TRACK REC-
orp with these exceptions:

Instruction Format.

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

SPS MU MorL 2F @ XXX w
LU (word marks)

A WDTA

WDTAW (word marks)

Function. 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 in core storage is written in the
first sector-address position after the index pulse.

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
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filled with valid blanks (C-bit), and the wrong-length
record, and any-disk condition indicators are turned
on. Processing is interlocked until the end of the
sector. For the 1311, the position of the group-mark
with a word-mark is determined by adding 2,997
(2,560 for 1301) to the B-address.

Note. Before writing starts, an automatic check is made of the
core-sector address in storage with one of the sector addresses
on the pack. If the address is not found the unequal-address
compare and any-disk condition indicators are turned 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.

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 written on
the disk (the word mark is ignored).

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. If the adjacent tracks are
written using WRITE DISK SECTOR Or WRITE DISK SECTOR WITH
ADDRESSES instructions, interference 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.

(1311) (1301)
I-Add. Reg. A-Add. Reg. B-Add. Reg. B-Add. Reg.
NSI B+9 B+11+2986 B-+ 11+ 2549

or or
B+ 11+2688 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 476).
The high-order position of the disk-control field is in
the first ten positions of the label (466-475), Fig-
ure 1-89.

SPS
{A) OPERAND (B) OPERAND
N

d
LINEcounT LaseL AODRESS + ‘:‘;"' £ ADDRESS 3 °";;' H
3 E10) 78 13[14 enr 23 . 27|28 34 38) 39
MU KF@ . i | [TRECAD | [ M
Avutocoder

: OPERAND
tio

" Label , peraa ., w©

L MI RECAD. . . " . MR

Assembled Instruction: M %F@ 466 W

Figure I-89. Write Disk Track Record with Address



Translate (1460)

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 in-
itiate the code translation and subsequent record
movement. (IOCS for this feature is described in the
SRL publication IOCS for the 1440/1448: Specifica-
tions, Form C24-3024.) One translate instruction trans-
lates a complete record, moving left to right as it re-
places 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 vari-
ous code translations that can be handled at one time
in a system is limited only by the core storage avail-
able for tables.

The LoAD 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.

Translate with Word Marks

Op Code A-address
T XXX

B-address d-character
x00 >

The TRANSLATE-WITH-WORD-MARKS instruction con-
sists of T (C-A-2-1-WM) 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 po-
sitions. (Figures I-90 and I-91 show that the digits 8

Baudot Enters 1440 or Generates Translate-]  Baudot Enters 1440 or Generates Translate-
Character 1460 Storage as | Table Address Character 1460 Storage as | Table Address

T 2 X02 A CB2 X42
5 (FIGS-T) c21 X03 "“(FIGS-Z) B21 X43
CR 4 X04 D CB4 X44
CR (FIGS) C41 X05 $(FIGS-D) 841 X45
0 C42 X06 B B42 X46
9 (FIGS-0) 421 X07 ?(FIGS-B) CB421 X47
SPACE 8 X10 S CB8 X50
FIGS-SPACE Cc81 X1 Bell (FIGS-S) B8I X51
H Cc82 X12 Y B82 X52
#(FIGS-H) 821 X13 6(FIGS-Y) CB821 X53
N cs4 X14 F B84 X54
,(FIGS=N) 841 X15 V(FIGS-P) CB841 X55
M 842 X16 X CB842 X56
«(FIGS-M) C8421 X17 /(FIGS-X)} CBA421 X57
LF A X20 A CBA X60
FIGS-LF CAl X21 -(FIGS-A) BA1 Xé1
L CA2 X22 w BA2 X62
Y(FIGS-L) A1 X23 2FIGS-W) CBAZ21 X63
R CA4 X24 J BA4 Xé4
4 (FIGS-R) A41 X25 '(FIGS-J) CBA41 X65
G A42 X26 FIGS Deleted From Input
&(FIGS-(3) CA4N X27 by Adapter

| CA8 X30 U BA8 X70
8 (FIGS-1) AB1 X31 7(FIGS-U) BAB81 X71
P A82 X32 Q CBAS82 X72
0 (FIGS-P) CAB821 X33 1(FIGS-Q) BA821 X73
C A84 X34 K CBAS84 X74
{(FIGS-C) CA841 X35 ( (FIGS-K) BA841 X75
\ CA842 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 1-90. Baudot Code to Translate-Table Address
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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).

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
sHIFT 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.

Translate Without Word Marks

Op Code A-address B-address
T XXX x00

The TRANSLATE-WITHOUT-WORD-MARKS instruction
format is the same 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-char-
acter 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 tables 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
parity. 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
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1440 or 1460 |Generates Translate~| 1440 or 1460 |Generates Translate=
BCD Character | Table Address BCD Character|Table 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 X1t R X51
0 X12 ! X52
# X13 $ X53
@ X14 * X54
: X15 ) X55
> X16 ; X56
v x17 a X57
(6) X20 & X0
/ X21 A X61
S X22 B X62
T X23 C X63
U X24 D Xé4
v X25 E X65
w X26 F X66
X X27 G Xé67
Y X30 H X70
z X31 | X71
¥ X32 ? X72
’ X33 . X73
% X34 o X74
= X35 ( X75
! X36 < X76
(+t) X37 £ X77

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

Figure 1-91. BCD Character Generates Translate-Table
ddress

bits or shifted codes. The adapter detects sHIFT-bit
transitions, generates the required smirT character, and
removes the sHIFT bit,

Figure 1-90 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 1-91 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 I-92 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.



900 901 902 903 B-REG.
2 i 2 1 1 |0 1. Transfer to units position of storage address register as 1-2-4.
4 4 4 A 2 2. Generate parity.
A WM WM 4 |1 3. If all zeros, generate 8-2-C to storage address register
[} ] units position.
\ A-field — -
[ 8 |0 1. Transfer to tens position of storage address register as 1-2-4.
' (Record to be translated) A I 2. Generate parity . |
\ 1 8 |o 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 1-bit combined with even bits of B-address register =
l\ to storage address register.
___] Storage Address Register at beginning of cycle.
I 6 I 2 I ﬂ Storage Address Register at end of cycle.
R

[#Tele]

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

e etonk] k]

B-Address Register
(Initial Table Address)

(Translate Instruction) T 900 600 >

Figure 1-92. First A-cycle of Translate Sequence

The translate instruction acts upon all the characters
of the A-field. Figure 1-92 shows how the instruction
T 900 600 (as an example) translates one character. In
this case the first character of the A-field is used as the
example. The contents of position 900 has a bit con-
figuration 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
operation 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 1-92 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 1-92 the A-bit, which be-
comes 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 con-
figuration (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 1-92)
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 char-
acter with word mark out of a specified translate-table
address in storage into the A-register. It uses the ad-
dress generated in the first A-cycle. The translate 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
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 de-
stroyed.

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-
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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 1-93 and 1-94 show how the translate instruc-
tion affects processor-storage areas. No particular
codes are specified.

Timing. The formula for the translate-operation exe-
cution time (T) for the 1460 is:

T=.006 (L;+ 2+ 3N) ms.
N = The number of characters in A-field to be translated.

L; =7 for TRANSLATE-WITHOUT-WORD-MARKS
8 for TRANSLATE-WITH-WORD-MARKS

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

900 901 902 203 904 905 906 907 908 909 210

1 cy1rf{oirjofofojrjoyju|i
2 ojofirfjir|rirjojojofoqi
4 tf1rj1rjfolirjovyjopifogi
8 oji1foJofji1f1{ojof1}{0]1
A OJ1jo0jo|1[1(0jO}1}|O]1
B oJrjojofjirfrj{ojofijo]il
C ofr1}j1]010(f(0O]1}0}0}11]0
WM{OJ1jO0[1]JOof1]1JOjOf1]1

Original A-field (record to be translated)

600 601 602 603 604 605 606 607 608 674 675 676 677
C T T T T T T T AT T T ](Tables

700 701 702 703 704 705 77\ 772 773 774 775 776 777
LT 1 & I 1 [ [T []

(Coded characters are assigned by the program)

IX] Represents an unused table address (X08, X09, X18, X19, etc.)

900 901 902 903 904 905 906 907 908 909 910
GlIClCHCHCCHCHCIKCIIE;
7 616174
7 o|7 o
2 14 |1

617 |6 6
0(7]0 7
415 (6 6 WM

woN@®
&O\I@

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

T 900 600 >

Figure 1-93. Translate-with-Word-Marks
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Translate

700-777

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.

Op Code A-address B-address d-character

P XXX XXX >

The LoAD RECORD instruction consists of P (B-4-2-1-
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 8-4-2.

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.

900 901 902 903 204 905 906 907 908 909 910

1 ofr1f(oj1jotlojoji1}jo|1{
2 Ofojt1j1|1j1]0f0O}0]O0]1
4 1T{tj1rfojirfojr|jotjrfof
8 Of1rjojojr]1j0]o0ft1{O]1
A Of1jo0jof{1j1f(o0o]lo]1]o0]
B o(1rjofofrjrfojojrf|o]t
C oj1Jj1jojojoji1j0j0{1]0
WMIO 1o |1]Oojrir1fofo]1|n

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

600-677 600 601 602 603 604 605 606 607 608 672 673 674 675 676 677

LT T T T T T T BT T T T 177

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

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

900 901 902 903 904 905 906 907 908 909 910

©|©|00000|6|0|©
6le6l6|6|leslele|e|e]|e
of7|olof7{7]o]o|7]o0
als|elalel2la|1]|a]|®
wml  |wm|  [wm{wm WMWM

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

T 900 600

" Figure 1-94. Translate Without Word-Marks



Transmission Control-Unit
Attachment (1460)

This feature is required when the 1M 1448 Transmis-
sion Control Unit is attached to an mMm 1460 Data
Processing System. For detailed information on the
1448, refer to the 1M 1448 Transmission Control Unit,
Form A24-3010, and 18M 1448 Transmission Control
Unit with 18BM 1460 Data Processing System, Form
A24-3050.

800 CPI Feature (1401)

This feature provides the facility to operate 729 v mag-
netic-tape unit at 800 cpi density with the 1401. The
feature includes- a tape-densities-option switch on
the 1401 console, which is used to select one of the
following pairs of densities: 200/556, 200/800, or
556/800. The high or low density selected by the
change-density switch on each tape unit operates in
conjunction with the pair of densities selected by the
tape-densities-option switch.

This feature is standard on an 1BM 1460 Data Proc-
essing System with an 18M 1461 Input/Output Control,
Model 2, and is effective for both the 729 v and 729 vi
magnetic-tape units.

IBM 1402 Special Feature
Instructions and Timing

Early Card Read (Model 1 Only;
Standard on Model 3)

The early-card-read feature for the mm 1402 Card
Read-Punch minimizes the decrease in card-reading
speed caused by lengthy processing routines. In such

CARD READING

routines, the card-reading mechanism can engage
sooner, thus reducing the time between the reading of
cards. .

The card reader operates at a rated speed of 800
cycles per minute (one cycle every 75 milliseconds).
The card reading speed depends on the timing of the
READ CARD instructions in the program. To effect con-
tinuous card-reading at the rate of 800 cards per
minute, a READ CARD instruction must be given within
10 milliseconds after the preceding card has been
actually read into core storage (labeled Processing
Time in Figure 1-95).

Normally, if processing time exceeds 10 ms in a
basic card-read cycle, the rated card-reading speed
decreases. This occurs because of the mechanical struc-
ture of the card-read feed. There is only one time dur-
ing the read cycle when the feeding mechanism can
be engaged. If a READ CARD instruction is given too late
(processing time exceeds 10 ms), a card-read cycle is
skipped, thus reducing the input speed from 800 to 400
cards per minute (Figure I-96). Similarly, if the time
required for processing exceeds 85 ms, two read cycles
are skipped, and the input speed is reduced to 266
cards per minute.

The early-card-read feature provides two additional
points (clutch points) where the feeding mechanism
can engage. When processing time between cards ex-
ceeds 10 ms, the feed mechanism can engage 50 ms
sooner than before. The time between card feeding is
reduced to 100 ms rather than 150 ms. Instead of a 50
percent reduction in the rated speed (to 400 cpm),
there is only a reduction of 25 percent (to 600 cpm) as
shown in Figure 1-97.

Similarly, when processing time between cards ex-
ceeds 35 ms, the feed mechanism can engage 25 ms
sooner than before. The time between card feeding is
reduced to 125 ms rather than 150 ms. Instead of a 50
percent reduction in the rated speed (to 400 cpm),
there is only a reduction of 40 percent (to 480 cpm) as
shown in Figure 1-98.

Figure 1-99 is a chart showing the card feed cycle
times and the resultant cards per minute output.

800 CARDS PER MINUTE (Assume that operation code /1"’ was given during previous cycle)

75 ms

21 ms

>l

" Read Start Time

The Read Start Time not available as Process Time
unless the “‘Read Release” special feature is installed.

Figure I-95. Card Read Cycle

Card Reading

44 ms

> l " 10 ms
Processing

Time
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Read Card 1

-

No Card Feed Read Card 2

-~y
Lot B Y

75 ms
@ Clutch Point 1

P
P -

75 ms
® Clutch Point 2

75 ms
® Clutch Point 3

Clutch Point 4@

RoT g Reap ] PT RsTy | Reap | PT
21 ms r 44 ms 10 21 ms 44 ms 10
ms ms
Process time
(10 ms + 75 ms) o
Figure 1-96. 400 CPM Operation
- Clutch Latch -:{ L.—— Clutch Engagement
-y 100 ms - 100 ms —
Clutch Points
25 ms I 25 ms l 25 ms l 25 ms 25 ms 25 ms 25 ms 25 ms
RST Read ”5 RST | Read _ 25
21 ms 44 ms IOmsI me= 21 ms 44 ms 10ms| me
Process Time Process Time
35ms o 35 ms
Figure I-97. 600 CPM with Early Card Read
s Clutch Latch ————.{ jo———e Clutch Engagement
- 125 ms
Clutch Points
25 ms l 25 ms 25 ms 25 ms | 25 ms
RST | Read | RST
. r—pia 2 25 >
21 ms Il 44 ms lOmsl 5 ms ' ms 21 ms
Process Time
- >
60 ms

Figure I-98. 480 CPM with Early Card Read
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Card Feed
Cycle Cards
Timing Per Minute
75 ms 800
100 ms 600
125 ms 480
150 ms 400
175 ms 342
200 ms 300
225 ms 266
250 ms 240

Figure 1-99. Card Feed Timings

Punch Feed Read (Models 1 and 3 Only)

In some applications it is desirable to read information
into the system, calculate, and punch the results in the
same card from which the input data was read. By
using the punch feed read feature, the card at the
punch-feed-read station can be read while the card
ahead of it is being punched. To permit this type of
operation, a special set of 80 reading brushes, called
punch feed read, is added to the M 1402 Card Read-
Punch feed, one station ahead of the punch station
(Figure 1-100). The R d-character specifies that the
card is to be read from the punch side of the 1402. The
normal read area (storage locations 001-080) receives
the information from the punch feed read in the same
manner as information is read from the read feed. A
validity and a columnar hole-count check is made on
each card column read from the punch-feed-read
brushes. MLP card codes cannot be read by the punch-
feed-read brushes.

The punching operation for machines equipped with
punch feed read is the same as in the basic 1401, Stor-
age positions 101-180 are specified as the punch area,
and a hole-count check is made the punch brushes.

The hole-count check of prepunched data is begun at
the punch-read station and is completed at the punch-
check station after punching has occurred.

Note: Punching in prepunched columns is acceptable, pro-
vided that the resultant character is valid and that the punches
read at the punch-feed-read station are not repeated. For ex-
ample, an X can be punched in a card column that already
contains a 2, but punching a K (X and 2 punches) at the
punch station if either an X or a 2 was already in the card,
results in a hole-count check.

The d-character R activates the punch-feed-read
brushes. It can be used with the operation codes PuNcH
CARD (4), WRITE AND PUNCH (6), and START PUNCH
FEep (9). If the combination instruction READ AND
PUNCH (5), or WRITE READ AND PUNCH (7) is given,
read and punch errors occur.

Read-Punch Feed

Instruction Format.

Mnemonic Op Code d-character
SPS P 4 R
A RF -

Function. When this instruction is used, the punch
feed operates and reads the card entering the read
station on the punch side. It also causes the card
at the punch station to bé punched. The R character
modifier makes this instruction effective.

Word Marks. Word marks are not affected.

Timing. T=N (L; + 1) ms + punch start time
(37 ms) and punching time of 184 ms (Figure
I-101). (Punch start time can be used for processing
if the punch release special feature is installed.)

Note. An additional 3 ms is required in excess of the normal

punch time of 181 ms when the punch feed-read-feature .is
used. Processing time available is 19 ms.

Punches
Punch Read Read
Punch Feed Punch C;:ck Hopper
| Hopper Read Check Read _ ==
= Select Select —
Stacker Stacker e .
Normal Normal
Punch | Read

NP 4

Figure I-100. Punch Feed Read Schematic

8/2 1 7 NR
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240 ms
Punch Card Operation

37 ms 184 ms 10

. ms

Punch Start Time Punching )
Processing

Time

Figure I-101. Punch Timing (Read Punch Feed)

Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI dbb 181

Example. Read the card at the punch feed read sta-
tion and punch a card (Figure I-102).

SPS
(&) oPERAND (8) OPERAND

Line - jcousT LaseL ADoREss l!l e H AoorEss + “w' g‘
3 sle 1ls alie ! o). an 34 e 181l
ovol 4, P T, [ e b
Autocoder

Label i OPERAND
45 80

20 11 40
RSN 1A s .

Assembled Instruction: 4 R

Figure 1-102. Read Punch Feed

Read-Punch Feed and Branch

Instruction Format.

Mnemonic Op Code I-address d-character
SPS P 4 XXX R
A RF -

Function. This instruction causes the same function
as READ-PUNCH FEED, except that an automatic branch
to the I-address is effected.

Word Marks. Word marks are not affected.

Timing. T = N (L; + 1) ms + punch start time
(37 ms) and punching time of 184 ms. (Punch start
time can be used for processing if the punch-release
special feature is installed.)

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI BI

B-Add. Reg.
081
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Example. Read the card at the punch-feed-read sta-
tion, punch a card, and branch to START6 (0598)
for the next instruction (Figure I-103).

SPS
(a1 oPERAND (9) oPERAND
ume |count| st optRAT cuan. |8 4] cmn Jgld
103 le 3lis [ Eid tooness .3‘ Ab. ;' Acomess [:‘I a0 ; 39
0, 1,0 L ISTARTG! ' . ot aa b1
Avutocoder
OPERAND
Labe! ati a . - 0
il £ START6 R . .

Assembled Instruction: 4 598 R

Figure 1-103. Read-Punch Feed and Branch

Read-Punch Feed and Write

Instruction Format.

Mnemonic Op Code d-character
SPS WP 6 R
A WRF -

Function. This instruction causes the printer to oper-
ate and print a line, and the punch unit to read a
card, and also causes the card at the punch station
to be punched. The d-character R specifies that the
card at the punch feed station is to be read. The
printer takes priority and operates first, but the
signal to start the punch feed read is automatically
given before the end of the print operation, so that
actual card reading starts soon after the print cycle
is complete.

Word Marks. Word marks are not affected.

Timing. T = N (L; + 1) ms + the timing conditions
for print and punch overlap (see Write and Punch
Operation Timing Chart — Figure E-44). The print
operation normally takes 84 ms. Punch start time is
37 ms and the punch reading time is 184 ms. An



additional 3 ms are added to the normal punching
time of 181 ms. Normal processing time available
is 19 ms.

Note. If the print-storage special feature is installed in the sys-
tem, the automatic signal to start the punch-feed-read opera-
tion is given shortly after the transfer of data to the print

storage area. Thus, additional processing time can be gained
by using print storage.

Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI dbb 081

Example. Write a line, read a card at the punch-feed-
read station, and punch a card (Figure 1-104).

SPS
B (4) orEaano (9 opERAND |
e [coumr L Jorena o NI oontes I o] o g]¢
11} i () 13jie ()04 AN i 34 b
.......A..'lWi.'l. P R B -
Autocoder

Assembled Instruction: 6 R

Figure I-104. Read-Punch Feed and Write

Read-Punch Feed, Write and Branch

Instruction Format.

Mnemonic Op Code I-address d-character
SPS WP 6 XXX R
A WRF

Function. Same as the READ-PUNCH FEED AND WRITE
except that the program branches to the I-address
for the next instruction.

Word Marks. Word marks are not affected.

Timing. T = N (L; + 1) ms + the timing conditions for
print and punch overlap (see Write and Punch Oper-
ation Timing Chart — Figure E-44). The print opera-
tion normally takes 84 ms. Punch start time is 37
ms and the punch reading time is 184 ms. An addi-
tional 3 ms are added to the normal punching time
of 181 ms. Normal processing time available is 19 ms.

Note. If the print-storage special feature is installed in the sys-
tem, the automatic signal to start the punch-feed-read opera-
tion is given shortly after the transfer of data to the print-
storage area. Thus, additional ptocessing time can be gained
by using print storage.

Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI BI 081

Example. Print a line, read and punch a card from the
punch side of the 1BM 1402, and branch to START6
(0895) for the next instruction (Figure I-105).

SPS

(A} 0PERAND (8) oPERAND T
tme [coumr, ey o] ome |8 o o Jg]d
s sle7ls afe_ el fovhess I_ A larfes foonene Iu el £
ool ... ., WPISTARTG | . 1 1. ... . HE T
Avutocoder
OPERAND
Lobel ; 30 38 40 8 20
..... 1. MRE TARZG .\ o o i o v i i

Assembled Instruction: 6 895 R

Figure I-105. Read-Punch Feed Write and Branch
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IBM 1403 Special Feature

Selective-Tape-Listing Feature

The selective-tape-listing feature can be attached to
any model of the 1M 1403 Printer so that output re-
sults of data processed on a system can be printed on
adding-machine style paper tapes.

Operation

An 1BM 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
B — Tape 2
C — Tape 3
D — Tape 4
E — Tape 5
F — Tape 6
G — Tape 7
H — Tape 8
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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
linespace instruction (CONTROL CARRIAGE) Op code and
the specific d-character and a prINT instruction (2) 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). Tapes
can be pulled up manually before tearing them against
the tear-bar portion of the tape-advancing mechanism
(Figure 1-106).

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 tapefeeding
solenoids simultaneously.

Control (Feature Mode Swiich)

A feature-mode switch is provided on the 1403. This
switch temporarily disconnects the standard carriage-
control circuits and activates the tape-feeding circuits
when the tape-spool assembly tray is latched in the
operating position.



1570
M S5 &4, P <l
248 8 2203557 244gs ’ 22356 670 a1
296 8 2034507 2eggs Y Hiie7 o5 4
a0 2 Cogesh
266 £ 2234547 40 736 s oF da 8Co8FgH ‘;ﬁ’é‘
547 24445, ; 34 2 N ococe '

Tape-Guide
Plate

Figure I-108. Selective Tape Listing Feature Mechanism
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Buffer Feature for the IBM 1009
Data Transmission Unit

The 1BM 1009 Data Transmission Unit, with the buffer
feature installed, can be attached to an 1M 1401 or
1460 Data Processing System. With this feature in-
stalled on the 8™ 1009, data can be loaded and un-
loaded to and from the transmission line while the
processor is free to perform any other function.

The buffer feature provides a 400-character core-
storage buffer that is divided into four 100-character
blocks. Blocks of 100 characters are loaded into buffer
storage from the processor or unloaded from buffer
storage into the processor by a single MOVE or LoAD
instruction. After a block of 100 characters has been
moved into the core-storage area of the processor
(receive mode), testable latches can be interrogated
by the program 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 (transmit mode),
the program routine can interrogate the buffer to de-
termine whether it can accommodate another block of
100 characters.

If additional data is available in the 1009 buffer
(receive mode), or additional space is available in the
1009 buffer (transmit mode), the program can initiate
another MOVE or LOAD instruction. The B-address of
the MOVE or LoAD instruction should be increased by
100 before the instruction is executed. This procedure
is followed until a group-mark with a word-mark (end-
of-message) is detected in the processor core storage
(transmit mode) or an end-of-message is detected in
the 1009 buffer storage (receive mode). The processor
program must determine the validity of the data re-
ceived by testing the appropriate latch. The data is
processed if it is valid. If the data is invalid, it is auto-
matically 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; how-
ever, the retransmission of data is under the control of
the program. If the data is still invalid after three
transmissions the transmission of data ceases, and an
alarm sounds, indicating operator intervention is re-
quired.

The buffer feature also provides the 1009 with the
ability to answer automatically and establish a tele-
phone connection for transmission of data and to dis-
connect at the end of transmission without operator
intervention. The direction of the transmission can be
automatically controlled through appropriate program-
ming,
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Maximum Processor Time Required for
Movement of Data

Blocks of 100 characters, with or without word marks,
are transferred by each MOVE or 1.oap instruction. The
following formula can be used to calculate the time
involved in moving a 100-character block of data to or
from the buffer.

Timing. T=9N + IN + 1L + 99N or 109N + 1L
(without indexing) ms.
T =9N + IN + 3N + 1L + 99N or 112N + 1L
(with indexing) ms.
L = Line speed in ms.
N =.0115 (1401); .006 (1460) ms.

IBM 1009 with Buffer (Instructions)

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

Initialize a Message Transmission (XMIT)

Instruction Format.

Mnemonic Op Code A-address d-character
CU 1) %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 TRansmiT). 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, signaling that
operator intervention is necessary. This instruction is
also used when the transmit, receive, and automatic
switch is set to the auromatic position( buffer fea-
ture installed) and a K E (SET DIRECTION TO TRANS-
mirr) 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=N (L;+ 1) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI %41 d41



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=N (L;+ 1) ms.

Note. The transmit-receive switch on the receiving 1009 should
be set to RecewvE. If it is set to TRaNsMiT, 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
feature installed) and a K D instruction has been issued.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI %41 d41

Move Character to the Transmitting 1009

Instruction Format.

Mnemonic Op Code A-address B-address d-character
MCW M ZD1 xxx w

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

Word Marks. Word marks are not affected.

Timing. T = 109N + 1L (see Maximum Processor Time
Required for Movement of
Data)

Timing. T = 112N + 1L (with indexing)

Note. If a group-mark with a word-mark is sensed in processor
core storage, an end-of-message transmit condition is recog-
nized.

Address Registers After Operation.

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

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

Move Character from the Receiving 1009

Instruction Format.

Mnemonic Op Code
MCW M

A-address B-address d-character
%D1 XXX R

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

Word Marks. Word marks are not affected.

Timing. T = 109N + 1L (see Maximum Processor Time
Required for Movement of
Data)

Timing. T = 112N + 1L (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 im-
mediately beyond the location containing the last character of
the message.

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.

Op Code A-address B-address d-character
L %D1 XXX w

Mnemonic
LCA

Function. The transmitting processor sends 100 charac-
ters, 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 = 109N + 1L (see Maximum Processor Time
Required for Movement of
Data)

Timing. T = 112N + 1L (with indexing)
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Note. A group-mark with word-mark in processor core storage
signals an end-of-message-transmit condition.
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
LCA L %D1 XXX 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 op-
eration.

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 as-
sociated word mark are then transferred to processor
core storage during one transfer cycle.

Timing. T = 109N + 1L (see Maximum Processor Time
Required for Movement of
Data)

Timing. T = 112N + 1L (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.

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
B B XXX X

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
sequential instruction.

1-66

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

8 Receive EOF RCV or XMIT

Indicators.

B xxx 1 — This indicator turns on when the 1009 is in a run
condition. If the 1009 is not in a run condition, the pro-
gram should stop, or loop until the run condition is estab-

lished.

B xxx 2 — This indicator, when on, indicates to the processor

" that the 1009 is in a buffer-available condition when in
either the transmit or receive mode. This indicator turns on
the first time when 100 characters have been placed in the
receive 1009 buffer or when a U%D1 E instruction has been
issued when in a transmit mode.

B xxx 3 — This indicator turns on if the signal sent to the
transmitting station by the U%ZD1 D instruction specified
that a good transmission occurred. The transmitting proc-
essor 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.

B xxx 4 — The reply-bad indicator turns on if the signal sent

~ to the transmitting station by the U%DLl D instruction
specified that a transmission error occurred. The transmit-
ting processor should test this indicator and branch to an
error subroutine if an error occurred.

B xxx 5 — This indicator, when on, indicates to the processor

 that the condition for acknowledgment that has been set in
the 1009 is error-reply. This indicator turns cn when the
first error character is detected in a message and remains
on until the next UZD1 D instruction is issucd.

B xxx 6 — This indicator turns on when any one of the fol-

" lowing indicators turns on: branch-2, branch-3, branch-4,
branch-7, and branch-8. When the branch-8 indicator is
on, the 1009 requires program attention,

B xxx 7 — 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 UZD1 D in-
struction is issued.

B xxx 8 — This indicator, when on, indicates to the processor
that the 1009 has received an EOF (end-of-file) signal
from the remote terminal.

Word Marks. Word marks are not affected.
Timing. T=N (L;+ 1) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
With Indexing
Branch BI BI NSI
No Branch NSI BI dbb
Without Indexing  cleared to
Branch BI BI blanks
No Branch NSI BI dbb



Suppress 3-Second Alarm

Instruction Format.

Mnemonic Op Code d-character
SS K 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. T=N (L;+ 1) ms.

Address Registers After Operation.

1-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI dbb abb

Set Direction to Receive

Instruction Format.

Mnemonic Op Code d-character
SS K D

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

Word Markls. Word marks are not affected.
Timing. T=N (L;+ 1) ms.

Address Registers After Operation.

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

Set Direction to Transmit

Instruction Format.

Mnemonic Op Code d-character
SS K E

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

Word Marks. Word marks are not affected.
Timing. T=N (Ly+ 1) ms.

Address Registers After Operation.

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

Send EOF (End-of-File)

Instruction Format.

Mnemonic Op Code d-character
SS K F

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

Word Marks. Word marks are not affected.

Timing. T=N (Ly+ 1) ms.
Address Registers After Operation.

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

Operate in Load Mode

Instruction Format.

Mnemonic Op Code d-character
SS K L

Function. This instruction is .placed ahead of the
U 9%D1 D instruction in the processor receive pro-
gram routine if the receiving 1009 is operating in the
load mode. This instruction causes all word separa-
tors 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. T=N (L;+ 1) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI abb dbb
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A-Address (Ovlp)
Adapter 51-Column Feed (1401, 1460) .
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Asterisk Protection (Edit)

................................................................

B-Cycle (Tran)
Binary Tape Instructions (Tape) ....
Binary Transfer (1460)
Bit Test (1401, 1460)
Branch if Bit Equal
Branch if High, Low, or Equal Compare (HLE) ...
Branch if Indicator On (DDC)
Branch if Indicator On (Ovlp) ....
Branch if Indicator On (SS)
Branch if Indicator On (1009)
Branch Instructions (Direct Data Channel) (DDC)
Buffer Feature for the sm 1009 (DTU)

......................................................................

......................

.....................................................

..........................................

............................

Column Binary (1401)
Compressed Tape (1401, 1460) (Tape)
Console Attachment 1447, Model 2 or 4 (1460) ...
Console Inquiry Station Adapter (1401-1447) .....
Control Feature Mode Switch (1403)

..............................

Data Flow (Ovlp)
Decimal Control (Edit)
Decreasing an Address
Direct Data Channel 1401, 1460 (DDC) ....

Direct Seek Timing ....
Disk Control Field
Disk-Storage Control (1460)
Disk-Storage Drive Adapter (1401) ...

Divide Subroutine

.................................................................

Early Card Read (1402)
Expanded Print Edit (1401, 1460)

First A-Cycle (Tran)
Floating Dollar Sign

General Description of Translate (Tran)
High-Low-Equal Compare Feature (1401, 1460)

mMm 1009 with Buffer (Instructions) (1009)
M 1011 Paper Tape Reader (Ovlp)
1M 1401 System Timing Considerations (Ovlp)
1M 1402 Card Read-Punch (Ovlp)
mBM 1402 Special Feature Instructions and Timing
M 1403 Special Feature
M 1419 Magnetic Character Reader (Ovlp)
M 1460 System Timing Considerations (Ovlp)
Increasing an Address
Indexing and Store Address Register (1460) ...
Initialize a Message Transmission (1009)
Initialize a Reply from Receiver (1009)
Instruction Utilization in the Program (DDC)

Index

Load Character from the Receiving 1009 .........ccccocrenne.
Load Character to the Transmitting 1009 ...
Load Record (TTan) ...cccccovinevrireeseereeseoreeonenesossosssieeenns

Magnetic Tape (OVID) .ccocerrriermirnnierenininnniniissnenins
Maximum Processor Time Required for

Movement of Data (1009) ....c.cccevccerueevennerivernrerrensenennnnes
Move and Binary Code (Tape) ....
Move and Binary Decode (Tape) ..

Move and Insert Zeros (Tape) “......c.....

Move and Load Instructions (DDC) .........

Move Character from Receiving 1009 .....

Move Character to Transmitting 1009 ............

Move Characters to Record or Group Mark ........cceue.. I-4
Move Record (1401, 1460) .....ccccovvvrervvenenierneeiesveesnnsnenines 1-4
MUlBDLY oottt 1-24
Multiply and Divide Subroutines ........cceeireevrrrerereereresronns 1-27
Multiply and Divide Timing ......cccoeeverieversreversesoreresressonns 1-27
Multiply Subrouting ......c.cccecvvveinvervemeeninenesrisneresieressenennens 1-28
Multiply-Divide (1401, 1460) ......ecrrrevesrrerrrrersseeeesseerreenn 1-24
Numerical Print Control (1401, 1460) .......cccocvvvererivveerieenn 1-30
Operate in Load Mode (1009) .....ccoceevveiereveveneevenreesierinens 1-67

Operation 1403 .....ccciveevmivierrrnninseenseenennenseseesisessesssaens 1-62
Other Input/Output Unit (OVIP) ..ecveerivivinirniieiiiniinensens 1-34
Overlap Of .....ooviveriierirnineenire s esassesses 1-35
Overlap Off and Branch ..., 1-36
OVerlap On vcivvviinniccieiiiesreierestoniessesssisssesesssessaenes 1-35
Overlap On and Branch ..., 1-35
Print Control (1401) ....cccevvcremieninisierienierienensonseseesesessessees 1-30
Print Control Additional (1401) ....cccceermivrnrivrrenerrenieinnns 1-30
Print Storage (1401, 1460) ......ccccooevrecrinrevvinierreeireeineensens 1-30
Printer Adapter (1401-1404) .....c.ccovevevriveveveriirenceriresceninnne 1-33
Printer Adapter (1460-1403-3) ......ccccrvrvimnrernnvessenininenrnens 1-33
Printer Control Adapter — Second Printer (1460) . 1-33
Processing Overlap (1401, 1460) .....cccovevvevverivenveesenrvereens 1-33
Processing-Overlap Instructions .......cccceveeeevevoresioreniannens 1-34
Processing-Overlap Timing .......ceeverercerrerienerneneiresensenserses 1-42
Programming Considerations (OVIP) .....cccoevvererrrircvvernirenenn 1-40
Programming Considerations, Print Storage Feature ...... 1-32
Punch Card in Overlap Mode (OVIP) ...ccoveveecirvvvervnrennnn, 1-39
Punch Card in Overlap Mode and Branch (Ovlp) . I-39
Punch Column Binary ... R O
Punch Column Binary and Branch .......c.cccciviienens I-7
Punch Feed Read (Models 1 and 3 Only) ......ccecerernene 1-59
Punch Feed Read Control (1401, 1460) ......cccocevervevirennen 1-45
Read Binary Tape ....ccccceevviievresveemeeseninrseensessssssannsasnne I-9
Read Card in Overlap Mode (OVID) .vovvvevvieveevvenninnineeienne 1-38
Read Card in Overlap Mode and Branch (Ovlp) ........ 1-38
Read Column Binary ......c.cecovieveriinennniinnmesnesoes I-5
Read Column Binary and Branch ..., 1-6
Read-Compare Adapter (1401) ......ccccoveeverinrernnnienerenorennes 1-45
Read Compressed Tape .....ceoriveeeriineneninsnnesenennenensos 1.10
Read Data (DDC) ..ccceerevireeiieriireerirereneeienssesiesensssssesersens I-15
Read Data with Word Marks (DDC) ....ccccoevviievrevnreinninnns I-15
Read Disk-Track Record (TRRC) ...ccevcviriveviernrenrirenienes 1-49
Read Disk-Track Record with Address ........coeerenrevnvirenne 1-50
Read-Punch Feed ......cccoovvivvinvvcririrnnns FETRRRIN 1-59



Read-Punch Feed and Branch .......ccccvivnicrnniiennne 1-60

Read-Punch Feed and Write .....cccccovvvivererierirenvenieiennns 1-60
Read-Punch Feed; Write and Branch . e 1461
Read-Punch Release (1401, 1460) ......ccccovvvrvvvirercreerennnns I-45
Read Request (DDC) .ooiiievreneinneiienininnireeesenssnesssinersennas 1-13
Read Tape with or without Word Marks in

Overlap MOE ....oooeeveeenieienininieireesrevenestese e ssess e sereanns 1-37
Receiving-System Operation (DDC) ..cocovcvvvvevivnvcreeveinnene 1-18
ReSt (DDC) oreeeroooeereeoreesreesersorre s e 1-13
Reset Overlap (OVID) ..cocoiiriveiciiiereneecreense s 1-36
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Second A-Cycle (Tran) ..o
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Selective Tape Listing Feature (1403) .....cccoreerviveniviirinnes 1-62
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Signal Control Instructions (DDC) ...cccccovreervinirnnrivnirnnne 1-12
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Write Binary Tape ......ccoovvriinnnenneininicnnsinineonecinennnnn,
Write Data (DDC) ..coccoevvvveerrrerrereenenenne
Write Data with Word Marks (DDC) ...
Write Disk-Track Record ......ccvveverivirennenn,
Write Disk-Track Record with Address .
Write Request (DDC) ..oovvvevviverienreciriinneeseserienssrssseseoneennes
Write Tape with or without Word Marks in

OVerlap Mode ...ccoevvreeivieeiecrsveeresrssese st snerseans 1-37

1-Way System to System Data Transmission (DDC) ... I1-18
2-Way System-to-System Data Transmission (DDC) ... I-19
800 CPI Feature (1401) ...ccooeevvrveierrnrireerireriesnsenssnereeeons 1-57

I-70



IBMI Technical Newsletter File Number ~ 1402-03

Re: Form No.  A24-3072-2
This Newsletter No. N21-0098
Date November 22, 1968

Previous Newsletter Nos. None

This Technical Newsletter provides replacement pages for Component Description: IBM 1402 Card
Read-Punch, Form A24-3072-2. Pages to be inserted and/or removed are listed below.

Cover and Edition Page
1-2

5-6

17-18

A change to the text or a small change to an illustration is indicated by a vertical line to the left of the
change; a changed or added illustration is denoted by the symbol e to the left of the caption.

Summary of Amendments: (1) Only Models 3, 4, and 5 are equipped with a punch idle control timer.

(2) When adding punches into prepunched columns, the previously punched characters must be
valid.

File this cover letter at the back of the manual to provide a record of changes.

International Business Machines Corp., Product Publications Dept., Rochester, Minn. 55901

Printed in U.S.A.



A24-3071-2

EN

International Business Machines Corporation
Data Processing Division
112 East Post Road, White Plains, N. Y. 10601

09FL PuP LOFL WAl

‘Y S'N W patulyd

T-LL0SVEY



	001
	002
	003
	004
	1-01
	1-02
	1-03
	1-04
	1-05
	1-06
	1-07
	1-08
	1-09
	1-10
	1-11
	1-12
	1-13
	1-14
	1-15
	1-16
	1-17
	1-18
	1-19
	1-20
	1-21
	1-22
	1-23
	1-24
	1-25
	1-26
	1-27
	1-28
	1-29
	1-30
	1-31
	1-32
	1-33
	1-34
	1-35
	1-36
	1-37
	1-38
	1-39
	1-40
	1-41
	1-42
	1-43
	1-44
	1-45
	1-46
	1-47
	1-48
	1-49
	1-50
	1-51
	1-52
	1-53
	1-54
	1-55
	1-56
	1-57
	1-58
	1-59
	1-60
	1-61
	1-62
	1-63
	1-64
	1-65
	1-66
	1-67
	1-68
	1-69
	1-70
	_1
	xBack

