
Systems Reference Library 

Miscellaneous Input/Output Instructions 

IBM 1401. Data Processing System 

IBM 1460 Data Processing System 

This publication contains a description of the 
instructions used by the IBM 1401 or 1460 to operate 
these miscellaneous input/output units: 

IBM 1009 Data Transmission Unit 
IBM 1404 Printer 
IBM 1407 Console Inquiry Station 
IBM 1418 Optical Character Reader 
IBM 1428 Alphameric Optical Reader 
IBM 1412 Nlagnetic Character Reader 
IBM 1419 Magnetic Character Reader 
IBM 1448 Transmission Control Unit 
IBM 1026 Transmission Control Unit 
IBM 1231 Optical Mark Page Reader 
IBM 1285 Optical Reader 
IBM 1445 Printer 
IBM 7740 Communication Control System 
IBM 7770 Audio Response Unit, Modell 

Timing information is included for each unit attached 
to an IBM 1401 or 1460 Data Processing System. 

File Number 1401/1460-01 
Form A24:-3068-1 



Preface 

This publication is a portion of the reference text for 
the IBM 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 
Section B 
Section C 
Section D 
Section E 
Section J 
Section K 

Introduction 
System Operations 
IBM 1406 Operations 
IBM 1447 Operations 
IBM 1402 and 1403 Operations 
Index of Instructions 
Consolidated Index 

Major ReVision, November 1964 

This publication, Form A24-3068-1, is a major revision of 
A24-3068-0, however it does not obsolete the previous publica
tion, nor Technical Newsletter N24-0195 which it includes. The 
added material covers the new input/output units: 

IBM 1026 Transmission Control Unit 
IBM 1231 Optical Mark Page Reader 
IBM 1285 Optical Reader 
IBM 1445 Printer 
IBM 7740 Communication Control System 
IBM 7770 Audio Response Unit, Model 1 

Refer to the IBM 1401 and 1460 Bibliography, A24-1495, for 
other publications. 

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 IBM 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 IBM publications can be obtained through IBM Branch Offices. 

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

© 1960, 1961, 1962, 1963 by International Business Machines Corporation 
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IBM 1009 Data Transmission Unit 
The IBM 1009 (Figure H-1) permits high-speed 2-way 
communication between two IBM 1401 or 1460 Data 
Processing Systems: 

• A 1401 and a 1460 Data Processing System 

• A 1401 or 1460 and an IBM 7701 Magnetic Tape 
Transmission Terminal 

• A 1401 or 1460 and an IBM 7702 Magnetic Tape 
Transmission Terminal 

• A 1401 or 1460 and an IBM 1013 Card Transmission 
Terminal 

With this unit, a 1401 or 1460 system can transmit at 
speeds up to 300 characters per second over toll or 
leased communications-company lines. This informa
tion can be sent short distances between local plants, 
or long distances across country - all under stored
program control. 

IBM 1401 or 1460 Programming Logic 
When a terminal is made up of a 1009 and a 1401 or 
1460 system, transmitting and receiving follow set 
patterns. Block diagrams of the logic are provided 
as programming aids. 

Figure H-l. The IBM 1401 or 1460 with 1009 Terminal 

Miscellaneous Input I Output Instructions 

Transmit Subroutine 

Before the transmitting 1401 or 1460 program moves 
the first message from the cards or tape and assembles 
it in the read-out area, it first tests to see that the re
ceiving 1009 is ready to accept data. This i.s done by 
testing indicators 3 and/or 4 (Figure H-2). Indicator 
4 is tested in case the last message of the previous 
transmission was received in error. Then, a :Q %D1 E 
instruction starts the transmission of the message. One 
character is transmitted at a time to the receiving 1401 
or 1460, through the two IBM 1009 Data Transmission 
Units connected to the 1401 or 1460 systems. Before 
the transmitting 1009 sends a character, it checks for a 
group-mark with a word-mark that signals the end-of
message. If there are more characters in the message, 
the 1401 or 1460 program increases the B-address of 
the move or load instruction that stores the character 
in the 1009, and repeats the transmitting process. 
When the transmitting 1401 or 1460 encounters an 
end-of-message signal, it must wait for 250 ms while 
the receiving 1401 or 1460 sends back a good-trans
mission or transmission-error signal. The transmitting 
1401 or 1460 can use these 250 ms for any processing 
that does not call upon the 1009. 

The next part of the subroutine includes two tests 
for the status of the message. See Branch if Indicator 
On instruction for an explanation of this test loop. 

H-l 
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Figure H-2. Block Diagram - Transmit Subroutine (1401) 
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Figure H-3. Block Diagram - Receive Subroutine 



When a good-message condition is recognized, the 
program branches to initialize and load a new message. 

Receive Subroutine 

The receiving 1401 or 1460 program first tests to see 
that the 1009 is in a RUN condition (Figure H-3). Then 
it prepares the read-in area, and sets up conditions for 
ready-to-receive. This includes acknowledging the pre
vious message, if any. Depending on the type of com
munications-company data set used, anywhere from 
200 to 300 ms elapse before the first character is re
ceived. This allows for turn-around-time when half
duplex facilities are used. If the communications-com
pany transmission facilities are full-duplex (4-wire), 
there is virtually no turn-around-time. After it receives 
each character, the 1009 checks for an end-of-message 
(EOM) signal. The receiving 1401 tests the indicator, 
and, if the indicator is off, increases the B-address by 
one, and returns to receive another character. If it 
recognizes an EOIVI signal (the indicator is on), the 
program branches to test the receive error indicator. 
If there is an error, the program branches to an error 
subroutine. If there is no error, the message is un
loaded, and the program returns to the initializing 
step. 

IBM 1009 Instructions 
Several 1401/1460 instructions are expanded to pro
vide program control for operations that involve the 
IBM 1009 Data Transmission Unit. 

Start Tran~smission 

Instruction Format. 

Mnemonic 
CU 

Op Code 
U 

A-address 
%D1 

d-character 
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 an alarm to 
sound, signaling that operator intervention is nec
essary. 

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 (LI + 1) ms. 

N = .0115 (1401), .006 (1460) 

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

NSI %41 
B-Add. Reg. 

d41 

Example. Signal the 1009 to initiate a start-of-message 
signal (Figure H -4) . 

Assembled Instruction: !! %01 E 

Figure H-4. Start Transmission 

Set Ready to Receive 

Instruction Format. 

Mnemonic 
CU 

Op Code 
U 

A-address 
%D1 

d-character 
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 "}darks. Word marks are not affected. 

Timing. T = N (LI + 1) ms. 

Note. The transmit-receive switch on the reCeIVIng 1009 
should be set to RECEIVE. If it is set to TRANSMIT, the alarm 
is sounded to signal the operator. 

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

NSI %41 
B-Add. Reg. 

d41 

Example. Signal the transmitting station and indicate 
the condition of the message received (Figure H-5). 

Assembled Instruction: ~ %01 0 

Figure H-5. Set Ready to Receive 

H-3 



Move Character to the Transmitting 1009 

Instruction Format. 

Mnemonic Op Code 
MCW M 

A-address 
%D1 

B-address d-character 
xxx W 

Function. The transmitting 1401 or 1460 sends the 
single character at the B-address to 1009. The d
character, W, specifies a transmit operation. 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 2) ms. 

Note. If a group-mark with a word-mark is sensed in 1401 or 
1460 storage, an end-of-message transmit condition is recog
nized. 

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

NSI %41 B+1 

Example. Move the character at location 3950 to the 
1009 (Figure H-6). 

Assembled Instruction: ~ %D1 150 W 

Figure H-6. Move Character to the Transmitting 1009 

Move Character from the Receiving 1009 

Instruction Format. 

Mnemonic Op Code 
MCW M 

A-address 
%D1 

B-address d-character 
xxx R 

Function. This instruction transfers the single char
acter in the receiving 1009 to the receiving 1401 or 
1460 core-storage location specified by the B-ad
dress. The d-character specifies a receive operation. 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 2) ms. 

Note. When the 1009 recognizes an end-of-message condition, 
the receiving 1401 or 1460 gets an end-of-message receive 
signal and inserts a group mark in the core-storage location 
specified by the next M %D 1 xxx R instruction. 

Address Registers After Operation. 

I-Add. Reg. 
NSI 

H-4 

A-Add. Reg. 
%41 

B-Add. Reg. 
B+1 

Example. Read a character from the 1009 and place it 
in core-storage position 0986 (Figure H-7). 

Assembled Instruction: M %01 986 R 

Figure H-7. Move Character from Receiving 1009 

load Character to the Transmitting 1009 

Instruction Format. 

Mnemonic Op Code A-address 
%D1 

B-address d-character 
LCA L xxx W 

Function. The transmitting 1401 sends the character at 
the B-address to the 1009. The d-character, W, speci
fies a transmit operation. 

Word Marks. If a word mark is associated with the 
character, the 1401 or 1460 converts the word mark 
to a word-separator character (A841). In two sepa
rate transmission cycles, the 1401 or 1460 sends the 
word separator, then the charaoter to the 1009. The 
re-cycle for the character associated with the word 
separator is automatic. 

Timing. T= N (LI + 2) ms. 

Note: A group mark in core storage signals an end-of-message 
transmit condition. 

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

NSI %41 B+1 

Example. Send the character and word mark at loca
tion 0685 to the 1009 (Figure H-8). 

Assembled Instruction: L %D1 685 W 

Figure H-8. Load Character to the Transmitting 1009 

load Character from the Receiving 1009 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
LCA b. %D1 xxx R 



Function. This instruction transfers the single charac
ter in the 1009 to the receiving 1401 or 1460 storage 
location specified by the B··address. The d-character, 
R, signals a receive operation. 

Word "A-larks. If a word mark is associated with the 
character, it is transmitted and inserted in core stor
age with the character. Two transmission cycles are 
required to transfer the character and the word 
mark. The re-cycle for the word-marked character is 
automatic. The 1401 or Jl460 converts the word
separator character to a word mark. 

Timing. T = N (Lr + 2) ms. 

Note. When the 1009 recognizes an end-of-message condition, 
the receiving 1401 or 1460 interprets an end-of-message re
ceive signal and inserts a group mark in the core-storage 
location specified by the next !~ %D 1 xxx R instruction. 

Address Registers After Operation. 

I-Add. Reg. A-Add .. Reg. B-Add. Reg. 
NSI %41 B+1 

Example. Read a character with word mark from the 
1009 and place it in core-storage position 2398 
(Figure H-9). 

Assembled Instruction: 1 %D1 L98 R 

Figure H-9. Load Character from the Receiving 1009 

Branch if Indicator On 

Instruction Format. 

Mnemonic 
B 

Op Code 
B 

I-address 
xxx 

d-character 
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 
instruction in sequence. 

d-character 
1 
.2 
3 
4 
5 
6 

Indicator 
1009 RUN 

END-OF-MESSAGE TRANSMIT 

GOOD TRANSMISSION 

TRANSMISSION ERROR 

END-OF-MESSAGE RECEIVE 

RECEIVE ERROR 

Indicators. 1009 RUN (I! xxx 1) turns on when the 
1009 is in RUN condition. If the 1009 is not in a RUN 

condition, the program should stop, or loop until the 
RUN condition is established. 

END-OF-MESSAGE TRANSMIT (I! xxx 2) turns on in 
the transmitting 1401 or 1460 when the 1401 or 1460 
senses a group-mark with a word-mark at the B
address during the execution of an ~ %D1 xxx W, 
or M %D1 xxx W instru.ction. The indicator is 
turned off by the next !2 %D1 E instruction. The 
1009 will be busy during the next 250 milliseconds. 

GOOD TRANSMISSION (H xxx 3) turns on if the signal 
sent to the transmitting station by the !2 %D1 D 
instruction specified that a good transmission oc
curred. The transmitting 1401 or 1460 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. 

TRANSMISSION ERROR (~xxx 4) turns on if the sig
nal sent to the transmitting station by the !J: %D1 
D instruction specified that a transmission error oc
curred. The transmitting 1401 or 1460 should test 
this indicator and branch to an error subroutine if an 
error occurred. If there was no indication of error, 
the program should loop to retest the good trans
mission indicator. The logic behind this technique 
can be explained by the fact that it is possible that 
a good-transmission condition exists, but that the 
signal has not been received by the transmitting 
1401 or 1460 before the first good-transmission test 
is given. This loop will be repeated until one of the 
indicators is turned on. 

END-OF-MESSAGE RECEIVE (I! xxx 5) turns on when 
the end-of-message signal is recognized by the re
ceiving 1009. 

RECEIVE ERROR (.D. xxx 6) turns on if an error was 
detected during the transmission from the transmit
ting 1009 to the receiving 1401 or 1460. The receiv
ing 1401 or 1460 tests the indicator and branches to 
an error routine if it is on. 

Word Marl(s. Word marks are not affected. 

Timing. T = N (Lr + 1) ms. 

Address Registers After Operation. 

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

Branch 
No Branch 

Branch 
No Branch 

With Indexing 
BI BI 

NSI BI 

Without Indexing 

BI 
NSI 

BI 
BI 

NSI 
dbb 

cleared to 
blanks 
dbb 

H-5 



Example. Branch to location 3498 if the end-of-mes
sage receive indicator is on (Figure H-I0). 

Assembled Instruction: ! D9S 5 

Figure H-I0. Branch if End-of-Message Receive Indicator On 

Suppress 3-Second Alarm 

Instruction Format. 

Mnemonic 
SS 

Op Code 
K 

d-character 
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 (LI + 1) ms. 

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

NSI dpp 
B-Add. Reg. 

dpp 

The chart (Figure H-ll) shows a comparison of effec
tive transmission rates of characters per second for the 
IBM 1401-1460/1009 Data Transmission Unit. 

H-6 

Record I Message Half Duplex Full Duplex 
Type Size Size 

(Characters) 150 cps 250 cps 150 cps 250 cps 

SO 74 95 91 121 
160 S'S 115 94 123 

Card 240 93 123 94 124 

to 320 94 125 94 125 

Card 400 94 125 94 125 
480 94 125 94 125 
560 94 125 94 125 
640 94 125 94 125 

80 74 95 120 191 

Card 160 100 137 125 196 

to 240 103 162 127 199 

Tape 320 118 172 128 199 

72911 400 121 178 128 200 

(200cpi) 480 122 181 129 200 
560 124 184 129 201 
640 125 186 129 201 

120 120 90 119 140 229 
120 240 112 162 143 235 
120 360 122 183 144 237 
120 480 128 196 145 237 
120 600 132 205 145 238 
120 720 135 211 145 238 
120 840 137 216 145 239 
120 960 138 220 146 239 
100 100 83 108 138 226 

Tape 
100 200 107 151 142 233 
100 300 118 174 143 235 

to 
100 400 125 18S 144 236 

Tape 
100 500 129 198 145 237 

72911 
100 600 132 205 145 237 

(200 cpi) 
100 700 134 210 145 238 
100 800 136 215 145 238 
80 80 74 95 135 221 
80 160 99 138 140 229 
80 240 112 162 142 232 
80 320 119 177 143 234 
80 400 125 188 143 234 
80 480 128 196 144, 235 
80 560 132 203 144 235 
80 640 134 207 144 236 

Character transmission rates do not allow for line propagation or 
retransmissions due to line errors. Half-duplex rates are based 
upon turn around 1ime of 250 milliseconds. Calculations have 
included time for blocking tape records at the transmit end and 
deblocking at the receive end. Tape writing at receiving terminal 
overlaps input at transmitting terminal on full duplex. On half-
duplex facilities, tape writing and input are both overlapped by 

line turn around time. 

Figure H-U. IBM 1401-1009 Comparison of Effective 
Transmission Rates (Characters per Second) 



IBM 1404 Printer 

The IBM 1404 Printer, Model 2 (Figure H -12), is an
other output medium for the IBM 1401 Data Process
ing System, and it can be used on all 1401 systems 
except A and D. It is a combination printer, capable 
of processing either cut-card forms or continuous 
forms. The 1404 retains all the basic features of the 
IBM 1403 Printer -- tape-controlled caniage, printing 
unit and continuous forms caniage and incorporates 
the card feeding mechanism--under the control of the 
1401 stored program and the tape-controlled caniage. 

Data Flow 

A printing operation requires moving and ananging of 
data into the core-storage print area (locations 201 
through a32) before a printing operation is executed. 

When a WRITE LINE instruction is given, the data to 
be printed is read out of core storage to the B-register 
character by character. As each character is read into 
the B-register from a particular core-storage position, 
it is compared in the print-compare area to the charac
ters on the chain in the corresponding print position. 
When the comparison is equal, the hammer is fired, 
printing that character. 

The IBM 1404 Printer operates at a maximum rate of 
600 lines per minute when printing on continuous 
forms or it can print on card documents at a rate of 
800 cards per minute. 

The print-cycle timing is 100 ms, which permits 16 
ms of processing time, and the 1401 is interlocked for 

Figure H-12. IBM 1404 Printer, Model 2 

84 ms print-interlock time. If additional form-move
ment time is required, this time must be added to the 
basic 100-ms cycle to determine the printing speed. 

IBM 1404 Instructions 
The following instructions control IBM 1404 Printer 
operations. The instructions that relate to reading 
cards from the 1404 use the d-character, 0 (zero), thus 
modifying certain existing 1401 instructions. Other in
structions in the following set apply without modi
fication. 

Read Card from 1404 Printer 

Instruction Format. 
Mnemonic 

R 
Op Code 

1 
d-character 

o 

Function. This instruction causes a card to be read, 
and as many as 30 columns of information to be 
transferred into core-storage positions 334 to 363. 
The d-character specifies that this is a read instruc
tion for the 1404. There is no valid READ AND BRANCH 

instruction for the 1404. 

Word Marks. Word marks are undisturbed. 

Timing. T = .0115 (LI + 1) + I/O ms. 
A 1404 card read cycle (1/.0 time) requires a total 

of 150 ms. The cycle is divided into three major 
operations. (See section on Timing.) 

Note 1. When the 1404 is being used as the only card input 
medium, a storage-scan operation should be performed or 
the 1404 card read-in area should be given a clear operation 
prior to the first 1404 card read. 

Note 2. The read instruction must always follow the instruc
tion £ 1 or the instructions F A. and 2. 

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

NSI Ap 
B-Add. Reg. 

364 

Example. Read as many as 30 columns (specified by 
the 1404 control panel), and transfer the data to IBM 

1401 core-storage positions 334-363 (Figure H-13). 

Assembled Instruction: ! 0 

Figure H-13. Read Card from 1404 Printer 
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Write Line 

Instruction Format. 

Mnemonc 
W 

Op Code 
2 

Function. This instruction causes the data in the print 
area to be transferred to the printer. The program 
continues after printing is complete. The printer 
takes an automatic space after printing a line, except 
when a SPACE AFTER PRINT or a SKIP AFTER PRINT 

control-carriage instruction is used. 

Word Atlarks. Word marks are not affected. 

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

Address Registers After Operation. 

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

B-Add. Reg. 
332 

Example. Print the data in the print area (Figure 
H-14). 

Assembled Instruction: 1 
Figure H-14. Write Line 

Write and Read on 1404 Printer 

Instruction Format. 

Mnemonic 
WR 

Op Code 
3 

d-character 
o 

Function. This instruction combines the functions of 
READ CARD FROM 1404 PRINTER (1 0) and WRITE LINE 

(g). The print operation takes priority, and the print 
cycle is completed before the card reading operation 
takes place. 

Without the special feature, print storage, this in
struction must follow an .E A instruction. In this 
instance, no processing time is available between 
print and read. 

With the print-storage feature, this instruction can 
follow either an F 1 or an .f A instruction. If it 
follows E 1, it must be given no more than 29.2 ms 
later. 

H-8 

Word Mm'ks, Word marks are undisturbed. 

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

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

NSI Ap 
B-Add. Reg. 

081 

Example. Write a line, and read as many as 30 col
umns (specified by the 1404 control panel) and 
transfer the data to IBM 1401 core-storage positions 
334-363 (Figure H -15) . 

Assembled Instruction: ~ 0 

Figure H-15. Write and Read on 1404 

Control Carriage 

Instruction Format. 

Mnemonic 
CC 

Op Code 
F 

d-character 
x 

Function. This instruction causes the carriage to move 
as specified by the d-character. The instructions.E 1 
and F A cause normal carriage skips to channelL 
If the 1404 card feed switch is ON: 

1. .f 1 causes the immediate eject to the stacker of 
the card at the print station, a new card to be posi
tioned at the first printing line (channell) in the 
print station, and a new card to be fed from the 
hopper. 
2 . ..E A causes the card at the print station to eject 
immediately after the next print cycle, a new card 
to be positioned at the first printing line (channell) 
in the print station and a new card to be fed from 
the hopper. 

All other.f (d) instructions cause normal carriage 
control operations. 

Word Marks. Word marks are not affected. 

Timing. T = .0115 (LI + 1) ms plus the remaining 
form-movement time, if the carriage is moving when 
this instruction is given. The form-movement time is 
determined by the number of spaces the form 
moves. Allow 20 ms for the first space, plus 4.4 ms 
for each additional space skipped or spaced at low 
speed and 2.0 ms for each additional space skipped 
at high speed. 



Address ]legisters After Operation. 

I-Add. Reg. 
NSI 

A-Add. Reg. 
dpp 

B-Add. Reg. 
dpp 

Example. Eject the card at the print station after the 
next print cycle (Figure 1I-16). 

Assembled Instruction: ! A 

Figure H-16. Control Carriage 

Branch if ~ndicator On 

I nstrucUon Format. 

Mnemonic 
B 

Op Code 
B 

I-address 
xxx 

d-character 
o 

Function. As in any 1401 BRANCH IF INDICATOR ON in
struction, the d-character specifies the indicator 
tested. If the special feature, read-compare, is in
stalled, the d-character, 0 (zero), permits testing for 
a validity error after a 1404 card reading operation. 
If it is used, this instruction must be given after a 
! 0 or ~ 0 instruction, and before the next!' 1 or !' A 
instruction. 

Word Marks. Word marks are not affected. 

Timing. T = .0115 (LI + 1) ms. 

Address Registers i\fter Operation. 

Branch 
No Branch 

Branch 
No Branch 

With Indexing 

I-Add. Reg. 
BI 

NSI 

A-Add. Reg. 
BI 
BI 

Without Indexing 

BI 
NSI 

BI 
BI 

B-Add. Reg. 
NSI 
dbi 

Cleared 
dbi 

Example. Test to see if there was an invalid card code 
read by the read-compare brushes during the last 
read operation in the 1404. If there was an error, 
branch to location 0787 (Figure H -17) . 

Assembled Instruction: .§ 787 0 

Figure H-17. Branch if Invalid Card Code Indicator On 

Compare 

Instruction Format. 

Mnemonic 
C 

Op Code 
C 

A-address 
xxx 

B-addres$ 
363 

Function. The data in the A-field is compared to an 
equal number of characters in the B-field. The bit 
configuration of each character in the two fields is 
compared. If there is an unequal comparison, an 
indicator turns on. This indicator can. then be tested 
by a BRANCH IF INDICATOR ON instruction. 

If the read-compare feature is installed in the IDM 

1404 Printer, any of the 30 (334-363) core-storage 
locations, assigned as a read-in area from the 1404, 
can be compared with any other field. 

Word Marks. The first word mark encountered stops 
the operation. If the A-field is longer than the B
field, the extra positions in the A-field are not com
pared. If the B-field is longer than the A-field, an 
unequal compare results. 

Timing. T = .0115 (LI + 1 + LA + LB )ms. 

Note. Both fields must have exactly the same bit configuration 
to be equal. 

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

NSI A-Lw B-Lw 

Example. Compare the 10-digit serial number of one 
card with that of the preceding card (moved to loca
tions 681-690). Then test the unequal-compare indi
cator. If the serial numbers are equal, continue the 
program in sequence. If they are unequal, branch to 
location 0927 for the next instruction (Figure H-18). 

LINE COUNT . II '" 
0 I 0 

0 • 0 

(AIOPERAIIO IBIOPERAND 

LABEL OPERATION 
ADDRESS 1~1 CHAR. ·1 = ADDRESS I~I 1314 '1'7 ADJ. un 

Ir.. 10.':.9.0 I I I IO.3.~.~ I , L-L I 

I" I 1".0 .... 11 I I 1 L-L 

Assembled Instruction: ~ 690 343 
!927 I 

I : I 

Figure H-18. Compare 

CHAR. 1:1 d 
ADJ. "31 

1 
1 1/ 
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IBM 1407 Console Inquiry Station 

The IBM 1407 Console Inquiry Station (Figure H-19) 
provides a manually controlled means of communica
tion between the operator and the IBM 1401 Data Proc
essing System. 

Data Flow 

The 1407 can control both reading from, and writing 
into, storage by using an instruction format keyed into 
the system to direct the particular operation desired. 

This permits the operator to examine or alter the 
status of data or instructions stored in the system. A 
request can be made to the system for the specific data 
to be typed out for verification. This also serves as a 
record of the changes made to the storage information. 

IBM 1407 Instructions 

Read from Console Printer 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
MV M %TO xxx R 

Function. This instruction causes the enter key-light 
to come ON, the keyboard to unlock, and the data (to 
be typed on the 1407) to enter 1401 core storage. 
The A-address specifies an inquiry station operation. 
The B-address is the high-order position in 1401 core 
storage wherein the data is to be stored. The d
character specifies a read-in operation. The inquiry 
request indicator must be ON to process this instruc
tion. 

Figure H-19. IBM 1407 Console Inquiry Station 

H-IO 

Word Marks. A group-mark with a word-mark must 
be inserted in 1401 core storage to the right of the 
last character sent to the 1401 from the 1407. An
other method of terminating a read-in operation is 
pressing the clear key. 

Timing. T = .0115 (LI + 1) ms + typing time. 

Note. The lower case b (special character) or space bar causes 
a space to be taken and a blank to enter core storage. If the 
b-key is pressed, a lower case b is printed. The method of 
entering data is discussed in the manual on 1407 Console 
Inquiry Station, Form A24-30B4. 

Address Registers After Operation. 

I-Add. Reg. A-Add. Reg. B-Add. Reg. 
NSI %30 B+LB 

Example. Transfer the data typed on the IBM 1407 to 
the area in 1401 core storage labeled INQIN (0785), 
Figure H-20. 

Autocoder 

L Label .~tl~ 
r . : '1Mt[ :b}~r N9' Ji: R ~' 

OPERAND 

~'. ,,~ 

Assembled Instruction: M %TO 785 R 

Figure H-20. Read from Console Printer 

Read from Console Printer with Word Marks 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
LV L %TO xxx R 

Function. This instruction causes the enter key light 
to come ON, the keyboard to unlock, and the data 
with word mark (to be typed on the 1407) to enter 
1401 core storage. The A-address specifies an inquiry 
station operation. The B-address is the high-order 
position, in 1401 core storage, in which the data is 
to be stored. The d-character specifies a read-in op
eration. Word marks are entered by first pressing 
the word-mark key, and then pressing the associated 
character key. Characters with a word mark print in 
red. The inquiry request indicator must be ON to 
process this instnwtion. 



Word Marks. A group-mark with a word-mark must be 
inserted in 1401 core storage to the right of the last 
character sent to the 1401 from the 1407. Another 
method of terminating a storage read-in operation 
is to press the clear key. 

Timing. T = .0115 (LI + 1) ms + typing time. 

Note. The lower case b (special character) or space bar causes 
a space to be taken and a blank to enter core storage. If the 
b-key is pressed, a lower case b is printed. The method of 
entering data is discussed in the manual on 1407 Console 
Inquiry Station, Form A24-30B4. 

Address Uegisters After Operation. 
I-Add. Reg. A-Add. Reg. 

NSI %30 
B-Add. Reg. 
GMWM+1 

Example. Transfer the data with word marks (typed 
on the .1407) to the area in 1401 core storage labeled 
INQIN (0785), Figure H-21. 

Autocoder 

~ it~,TNGIfQ:, ~ 
OPERAND 

10 4' IQ 

Assembled Instruction:.!:. %TO 785 R 

Figure H-2!. Read from Console Printer with Word Marks 

Write on Console Printer 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
MU M %TO xxx W 

Function. This instruction causes data from 1401 stor
age to be typed by the inquiry station. While the 
data is being typed, the typeout light is ON. The B
address is the high-order position in 1401 core stor
age of the data to be transferred to the console 
printer, The d-character specifies a write operation. 

Word Marks. A group-mark with a word-mark in 1401 
core storage stops the transfer of data to the 1407 
and causes a carriage return. Pressing the clear key 
also stops the transfer of data from the 1401. 

Timing. T = .0115 (LI + 1) ms + typing time. 

Note. Characters that have incorrect parity ( even-bit) are 
typed as a >1< if the process-check stop switch is OFF. If the 
switch is ON, typing stops before typing the incorrect char
acter. 

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

NSI %30 
B-Add. Reg. 
GMWM+1 

Example. Type the data, beginning in the area labeled 
INQOUT (0785) and ending with a group-mark, 
with a word-mark (Figure H-22). 

Assembled Instruction: M. % TO 785 W 

Figure H-22. Write On Console Printer 

Write on Console Printer with Word Marks 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
LU L %TO xxx W 

Function. This instruction causes data from 1401 stor
age to be typed by the inquiry station. While the 
data is being typed, the typeout light is ON. The 
A-address specifies an inquiry station operation. The 
B-address is the high-order position in 1401 core 
storage of the data to be transferred to the type
writer. The d-character specifies a write operation. 

Word Marks. A group-mark with a word-mark stops 
the transfer of data to the 1407 and causes a car
,riage return. Pressing the clear key also stops the 
transfer of data from the 1401. 

Timing. T = .0115 (LI + 1) ms + typing time. 

Note. Characters that have a word mark in association with 
them are typed in red. All other characters are typed in black. 
A space is printed as a lower case h. Characters with incor
rect parity (even-bit) are typed as a >t< if the process-check 
stop switch is OFF. If the switch is ON, typing stops before 
typing the incorrect character. 

H-ll 



Address Registers After Operation. 

I-Add. Reg. A-Add. Reg. 
NSI %30 

B-Add. Reg. 
GMWM+l 

Example. Type the data with word marks located in 
the area labeled INQOUT (0785) and ending with 
a group-mark with a word-mark (Figure H-23). 

Autocoder 

~ Labe. 
OPERAND 

~'. ~ . : 
Assembled Instruction:.!:. %TO 785 W 

Figure H-23. Write On Console Printer with Word Marks 

Line Space 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
LU or MU ..h or M %TO xxx W 

Function. This instruction causes the console printer 
to space one line. The B-address is the storage loca
tion of a group-mark with a word-mark. 

Word Marks. A group-mark with a word-mark must 
be at the B-address. 

Timing. T = .0115 (Lr + 1) ms + space time. 

Note. Multiple line spacing is controlled by this instruction and 
by the setting of the line-space lever. 

Address Registers After Operation. 

I-Add. Reg. A-Add. Reg. B-Add. Reg. 
NSI %30 B+l 

Example. Space a single line on the console printer. 
The storage position labeled GMWM (0895)) con
tains a group-mark with a word-mark (Figure H-24)~ 

Autocoder 

~ Labe. 
OPERAND 

• ~~ II -,-.~:~ ............... --,--,:' ................... 10 

Assembled Instruction:",,!:, %TO 895 W 

Figure H-24. Line Space 

H-12 

d-CHARACTER INDICATOR 

* Inquiry Clear 

Q Inquiry Request 

Figure H-25. IBM 1407 Branch Instruction d-Character 

Branch if Indicator On 

Instruction Format. 

Mnemonic 
SPS B 
A BIN 

Op Code 
B 

I-address 
xxx 

d-character 
x 

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 OFF, the 
next sequential instruction is taken. Figure H-25 
shows symbols that are valid d-characters and the 
indicators they test. 

Indicators. Inquiry Clear - This indicator turns ON 

when the clear key-light is pressed, if the 1401 is in 
the RUN mode. It turns OFF when the 1401 program 
processes a console inquiry instruction or the start 
reset key on the 1401 console is pressed. It must be 
tested before processing the next inquiry. 

Inquiry Request - This indicator turns ON when 
the request enter key-light is pressed to signal the 
1401 that an inquiry is to be processed, and the 1401 
is in the RUN mode. It is turned OFF after the 1401 
processes a console inquiry instruction. Pressing the 
start reset key on the 1401 console or the clear key 
on the 1407 also turns this indicator off. 

Word Marks. Word marks are not affected. 

Timing. 

Without IndeXing: 
T = .0115 (Lr + 1) ms. 

With Indexing: 
T = .0115 (Lr + 2) ms. 

Address Registers After Operation. 

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

B-Add. Reg. 
dbb 

Example. Branch to the inquiry routine labeled INQ
RUT (0950) if the inquiry request indicator is ON 

(Figure H-26). 



OPERAND 

:'. . ~ 
Assembled Instrucfrion:! 950 Q 

Figure H-26. Branch if Inquiry Request Indicator On 

IBM 14'18 Optical Character Reader 
Numeric data on printed card or paper documents can 
be read optically into 1401 or 1460 core storage with 
the IBM 1418 Optical Character Reader, Modell, with 
three stackers, can select the documents according to 
class, or general category; Model 2 (Figure H-27), 
with 13 stackers, in addition to sorting by class, can 
sort each document numerically. Model 3, which is 
similar in appearance and operation to the Modell, 
has a broader range of document-handling capabilities. 
The Model 3 is particularly adaptable to cash-account
ing applications where a small shIb is customarily 
returned with a payment. 

Figure H-2'7. IBM 1418 Optical Character Reader, Model 2 

IBM 1418 Instructions 
Eleven instructions are available for on-line control of 
the IBM 1418. The €Jperation codes for programming 
the 1418 are: 

Control Unit 

Instruction Format. 

Mnemonic 
CU 

Op Code 
U 

A-address 
%S2 

d-character 
d 

Function. This instruction controls 1418 document 
feeding according to the d -character. 

Operation d-C haracter 
E ENGAGE: Selects the 1418 and instructs it to 

start feeding documents continuously. Feed
ing continues until a DISENGAGE instruction is 
executed, or until either a system or a 1418 
stop automatically disengages the 1418. 

D DISENGAGE: Instructs the 1418 to stop feed
ing documents. Documents already beyond 
the ready station are read and processed 
after the 1418 is disengaged. 

Word Marks. Word marks are rrot affected. 

Timing. T= N (LI + 1) ms + I/O 
N = .0115 (1401); .006 (1460) 

Example. Engage the 1418 and start feeding docu
ments (Figure H-28). 

Autocoder 

I. , Label 
OPERAND 

10 00 II 4Q 10 

! : 

Assembled Instruction: ~ %52 E 

Figure H-28. Control Unit (Engage) 

Read in Move Mode 

Instruction Format. 

Mnemonic Op Code A-address B-address. d-character 
MU M %S2 xxx R 

Function. This instruction moves the character read 
by the 1418 from the character register to the core-
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storage position specified by the B-address. A read 
instruction must be given for each character trans
ferred to the 1401 or 1460. 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 1) ms + message length + docu
ment movement~ + 1. 

.:!Refer to Figure H-41. 

Example. Read a character into a location called 
INPUTA (0950) from the 1418 (Figure H-29). 

Autocoder 

~ Label 

. : 

Assembled Instruction: M %52950 R 

Figure H-29. Read in Move Mode 

Select Stacker 

Instruction Format. 

Mnemonic 
SS 

Op Code 
K 

d-character 
d 

Function. This instruction, with a d-modifier A 
through L, selects the pocket to which a document 
is to be directed. The modifiers, A through L, cor
respond respectively to pockets A, B, and 0-9. If no 
SELECT-STACKER instruction is given within 10 ms 
after the document passes document-end 4, the 
document goes to the reject pocket. A second 
SELECT-STACKER instruction must not be given before 
a 15-ms lapse after the previous document has 
passed the document-end 4 sensing station. 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 1) ms. 

Example. Select into stacker 7 the document which 
has just been read (Figure H -30) . 

I-l-14 

Autocoder 
Label 

. : 

Assembled Instruction: K J 

Figure H-30. Select Document into Stacker 7 

Read Station Select (Special Feature) 

Instruction Format. 

Mnemonic 
SS 

Op Code 
K 

OPERAND 

:', . ~ 

d-character 
d 

Function. This instruction, with the d-modifier N, se
lects the second reading station (standard) as the 
source of information. A d-modifier of M selects the 
first reading station (special feature either video or 
mark read). 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 1) ms. 

Example. Select the first reading station to read in 
data (Figure H-31). 

Autocoder 
Label 

. : It I 

Assembled Instruction: K M 

Figure H-31. Read Station Select 

Branch if Indicator On 

Instruction Format. 

Mnemonic 
BIN 

Op Code 
B 

I-address 
xxx 

OPERAND 

:', ! ~ 

d-character 
d 

Function. This instruction tests for the 1418 opera
tional conditions specified by the d-character. If the 



indicator is ON, the next instruction is taken from the 
I-address; if OFF, the 1401 or 1460 goes to the next 
sequential instruction. 

d-Character Branch and Function 

1 BRANCH ON LATE READ 

Branch if the late-read indicator is ON. The 
test for branch-1 resets this indicator. 

The 1418 is scanning as long as a docu
ment is under the selected read station. Un
less all information scanned is transferred to 
the system, the late-read indicator turns ON. 

The stored program must include turning 
OFF this indicator prior to reading a signifi
cant field on a document. Testing this indi
cator at the end of a significant field deter
mines whether or not all the information was 
transferred to core storage. 

2 BRANCH ON READY TO ENGAGE 

Branch if the 1418 is ready to engage. This 
indicator remains ON when the 1418 is: 
a. disengaged with a document at the ready 
station, 
b. ready to operate (all interlocks normal, 
drive motors up to speed), and 
c. not in register-run, test, or off-line mode. 

Branching on ready-to-engage must pre
cede each ENGAGE instruction. Not branch
ing to an ENGAGE instruction allows the 
stored program to continue processing when 
the 1418 operating conditions are not satis
fied. 

Single-document feeding is accomplished 
by consecutive ENGAGE-DISENGAGE instruc
tions following a branch on the ready-to
engage test. 

3 BRANCH ON DOCUMENT UNDER SELECTED 

READ STATION 

The leading edge of the document at the 
selected reading station turns ON this indica
tor provided that the document has not 
caused a hopper check. The trailing edge 
turns it OFF. A prior STATION-SELECT instruc
tion (~M or !)N) specifies the particular read
ing station. 

Many 1401 or 1460/1418 subroutines re
quire a document either under or not under 
a selected read station during their execu
tion. Branch 3 is used to delay the program 
by a loop until the document is in proper 
position. Meeting the branch-3 conditions 
allows the stored program to enter these sub
routines. For example, branching on branch 
3 precedes the character-on-line test. This 
assures that a document is present while the 
program is looking for a character to be read 
at the selected read station. 

If a document is to be read only partially, 
a program delay may be necessary to pre
vent reading the trailing edge of that docu
ment. A branch 3 can be programmed to 
loop until that particular document has left 
the reading station. 

The ready-to-read (branch 8) test should 
precede testing each branch-3 instruction. 
This allows the system to continue process
ing if the 1418 is no longer ready to read. 

5 BHANCH ON DOCUMENT END 

Branch if the trailing edge of the document 
has passed the point specified by the docu
ment-end switch. The leading edge of the 
next document resets the indicator. This test 
is used to delay the stored program until a 
document has passed the specified point. 

The ready-to-read (branch 8) test should 
precede testing each branch-5 instruction. 
This allows the system to continue process
ing if the 1418 is no longer ready to read. 

6 BRANCH ON CHARACTER ON LINE 

Branch if a character is available to the sys
tem. This indicator is ON whenever the 1418 
places a character in the on-line register. A 
character must be in the on-line register be
fore a read instruction ( M %S2 xxx R) is 
given. A character is neve;- placed in the 
on-line register from a scanned document 
that caused a hopper check. 

The ready-to-read (branch 8) test should 
precede testing each branch-6 instruction. 
This allows the system to continue process
ing if the 1418 is no longer ready to read. 

7 BRANCH ON EMPTY HOPPER 

AND TRANSPORT (END OF FILE) 

This indicator turns ON when the hopper be
comes empty and the trailing edge of the 
last document passes a point one-half inch 
(10 ms) beyond the document-end 4 sens
ing station. 

This instruction should be given only fol
lowing a ready-to-read (branch 8) failure
to-branch to indicate the 1418 is out of docu
ments. Failure of the branch-7 to branch at 
this time indicates a condition requiring 
operator intervention, for example: jam, full 
pocket, open interlock, etc. The branch-7 
indicator, in conjunction with a sense switch 
on the system console, can signal an end-of
job condition, and release the stored program 
from 1418 input:. 

8 BHANCH ON READY TO READ 

Branch if the 1418 is ready to read. This 
indicator turns ON as the first document 
leaves the ready station. The indicator re
mains ON until the last document passes a 
point one-half inch (10 ms) beyond the 
document-end 4 sensing station, or until the 
1418 stops for an empty hopper, a feed jam, 
or a full pocket. 

The branch-8 instruction is used in con
junction with other instructions to indicate 
that the 1418 is ready to read documents. 

Word Marks. Word marks are not affected. 

Timing. 

No Branch: 
T = N (LI + 1) ms. 

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

Branch (with indexing): 
T=N (L1 +2) ms. 
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Example. If a late read condition occurs, branch to a 
routine called LA TRD (0841) (Figure H-32). 

Autocoder 
OPERAND 

40 
:~ ,,~ 

Assembled Instruction: B 841 1 

Figure H-32. Branch if Late Read Condition Indicator On 

IBM 1428 Alphameric Optical Reader 
The ffiM 1428 (Figure H-33) can be conneoted, through 
a serial input/output adapter, to an IBM 1401 or 1460 
system. When connected to a 1401 or 1460, the 1428 
supplies high-speed alphameric input to the data proc
essing system from printed documents of various sizes. 
Thus the 1428 provides for direct entry into the 1401 
or 1460 system of data from such documents as in
surance premium notices, charge sales invoices, opera
tions and route slips, payroll and dividend checks, and 
mail orders. 

The ffiM 1428, Modell, is equipped with three sorter 
pockets. The Model 2 is equipped with thirteen 
pockets. The Model 3, which is similar to the Modell 
in appearance and operation, can handle documents of 
a broader size range. It is particularly adaptable to 
handling small stub-size documents such as those re
turned with a payment in many cash-accounting appli
cations. The ffiM 1428, Model 2, can also be used off
line as an optical sorter. 

IBM 1428 Instructions 
Twelve instructions are available for on-line control of 
the ffiM 1428. The 1401 or 1460 operation codes for 
programming the 1428 are: 

Control Unit 

Instruction Format. 

Mnemonic 
CU 

Op Code 
U 

A-address 
%S2 

d-character 
d 

Function. This instruction controls ffiM 1428 document 
feeding according to the d-character. 

Ii-16 

Figure H-33. mM 1428 Alphameric Optical Reader, Model 2 

d-Character 
E 

D 

Operation 
ENGAGE: Selects the 1428 and instructs it to 
start feeding documents continuously. Feed
ing continues until a disengage instruction is 
executed, or until a 1401/1460 with 1428 
stop automatically disengages the 1428. 

DISENGAGE: Instructs the 1428 to stop feed
ing documents. Documents already beyond 
the ready station are read and processed. 

Word Marks. Word marks are not affected. 

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

Example. Engages the 1428 and starts feeding of 
documents (Figure H-34). 

Autocoder 

~ label 

. : 

Assembled Instruction: ~ %52 E 

Figure H-34. Control Unit (Engage) 

Reading Mode Determination 

Instruction Format. 

Mnemonic 
SS 

Op Code 
K 

d-character 
d 

Function. This instruction with a d-modif1er C, E, or 
F, permits the 1428 to read only those characters 



included in the corresponding alphabetic, numeric, 
or alphameric character set. 
C - A through Z I -$ / ~ , . defines the alphabetic set. 
E - 0-9 I -$ / I) , • defines the numeric set. 
F - All characters recognized by the 1428 define the alpha
meric set. 

Pressing the 1428 reset key in an on-line operation 
automatically places the system in the alphameric 
reading mode. 

A programmed reading-mode change must be 
given within .8 ms after a character has been placed 
in the 1428 on-line character register. Failure to con
sider this timing results in missing the next character 
following the programmed reading-mode change. 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 1) ms. 

Example. Read only the numeric set defined by the 
d-character E (Figure H-35). 

Autocoder 

~ !trotl~ ~'. ! ~o 15 
40 

OPERAND 
15 00 

Assembled Instruction: K E 

Figure H-35. Reading Mode Determination 

Read in Move Mode 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
MU M %S2 xxx R 

Function. This instruction moves the character read 
by the 1428 from the character register to the core 
storage specified by the B"address. A read instruc
tion must be given for each character transferred to 
the 1401 or 1460. 

Word Marks. Word marks are not affeoted. 

Timing. T = N (L r + 1) ms + message length + docu
ment movement~ + 1. 
Il<Refer to Figure H-41. 

Example. Read a character into location called 
INPUTA (0880) from the 1428 (Figure H-36). 

Autocoder 

~ Lobel 

Assembled Instruction: M %52 880 R 

Figure H-36. Read in Move Mode 

Select Stacker 

Instruction Format. 

Mnemonic 
SS 

Op Code 
K 

d-character 
d 

Function. The stacker selection is accomplished in the 
1428 by either one instruction with a d-modifier or 
the combination of three consecutive instructions 
with their appropriate d-modifiers. A SELECT STACKER 

ins,truction must be given within 10 ms after the 
document passes document-end 4. 

A SELECT STACKER instruction must be issued by 
the program for some pocket, including the reject 
pocket, for every document that was scanned and 
had any of its characters read into core storage. If a 
SELECT STACKER instruction is not issued, a sort check 
occurs and the system stops. 

Failure to give a SELECT STACKER instruction for a 
document that is scanned, but that has none of its 
characters read to the process unit from the on-line 
register, results in the document being rejected with
out a selection error and without stopping the sys
tem. The SELECT STACKER instructions with their 
d-modifiers are as follows: 

1401/1460 Instruction 
Configuration 1428 Pocket Selected 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
R 
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Word Marks. Word marks are not affected. 

Timing. T = N (LI + 1) ms. 

Example. Select into stacker pocket 1 the document 
that was scanned and had its characters read to core 
storage (Figure H -37) . 

Autocoder 

~ La' 
. : 

Assembled Instruction: K A 

Figure H-37. Select Document into Stacker 1 

Read Station Select (Special Feature) 

Instruction Format. 

Mnemonic 
SS 

Op Code 
K 

OPERAND 

:'. ,,~ 

d-character 
d 

Function. This instruction, with the d-modifier N, se
lects the second reading station (standard) as the 
source of information. A d-modifier of M selects the 
first reading station (special feature: either video or 
mark read). 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 1) ms. 

Example. Select the first reading station to read in 
data (Figure H-38). 

Autocoder 

~ La' 
OPERAND 

:~ ,,~ . : 

Assembled Instruction: K M 

Figure H-38. Read Station Select 
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Branch if Indicator On 

Instruction Format. 

Mnemonic 
B 

Op Code 
B 

I-address 
xxx 

d-character 
d 

Function. This instruction tests for the 1428 opera
tional conditions specified by the d-character. If the 
indicator is ON, the next instruction is taken from the 
I-address. If the indicator is OFF, the stored program 
goes to the next sequential instruction. 

d-Character 

1 

2 

3 

Branch and Function 

BRANCH ON LATE READ OR LATE 

READING MODE CHANGE 

Branch, if the late-read or late-reading mode 
change indicator is ON. The test for branch 1 
resets this indicator. 

The 1428 scans as long as a document is 
under the selected read station. Unless all 
information scanned is transferred to the 
system, the late-read indicator turns ON. The 
stored program must include turning OFF 

this indicator prior to reading a significant 
field on a document. Testing this indicator at 
the end of a significant field determines 
whether or not all the information was trans
ferred to core storage. 

Failure to change reading modes within 
the specified .8 ms after the branch-6 indi
cator turns ON also turns this indicator ON. 

BRANCH ON READY TO ENGAGE 

Branch if the 1428 is ready to engage. This 
indicator remains ON when the 1428 is: 
a. disengaged with a document at the ready 
station, 
b. ready to operate (all interlocks normal, 
drive motors up to speed), and 
c. not in register-run, test, or off-line mode. 

Branching on READY TO ENGAGE must pre
cede each engage instruction. Not branching 
to an engage instruction allows the program 
to continue processing when the 1428 oper
ating conditions are not satisfied. 

Single-document feeding is accomplished 
by consecutive engage-disengage instructions 
following a branch on the ready-to-engage 
test. 

BRANCH ON DOCUMENT UNDER 

SELECTED READ STATION 

The leading edge of the document at the 
selected reading station turns ON this indi
cator, provided that the document has not 
caused a hopper check to occur. The trailing 
edge turns it OFF. A prior station-select in
struction (~M or ,KN) specifies the particular 
reading station. 

Many 1401/1460 with 1428 subroutines 
require a document either under or not 
under a selected read station during their 
execution. Branch 3 is used to delay the pro
gram by a loop until the document is in the 
proper position. Meeting the branch-3 con
ditions allows the program to enter these 



5 

6 

7 

subroutines. For example, branching on 
branch-3 precedes the character-on-line test. 
This assures that: a document is present while 
the program is looking for a character to be 
read at the selected read station. 

If a document: is to be read only partially, 
a program delay may be necessary to pre
vent reading the trailing end of that docu
ment. A branch 3 can be programmed to 
loop until that particular document has left 
the reading station. 

The ready-to-read (branch-8) test should 
precede testing each branch-3 instruction. 
This allows the 1401 or 1460 to continue 
processing if the 1428 is no longer ready 
to read. 

BRANCH ON DOCUMENT END 

Branch, if the trailing edge of the document 
has passed the point specified by the docu
ment-end switch. The leading edge of the 
next document resets the indicator. This test 
is used to delay the stored program until a 
document has passed the specified point. 

The ready-to-·read (branch-8) test should 
precede testing each branch-5 instruction. 
This allows the 1401 or 1460 to continue 
processing if the 1428 is no longer ready 
to read. 

BRANCH ON CHARACTER ON LINE 

Branch, if a character is available to the 
1401 or 1460. This indicator is ON whenever 
the 1428 places a character in the on-line 
register. A character must be in the on-line 
register before a read instruction (M %82 
xxx R) is given. -

A character is never placed in the on-line 
register from a scanned document that 
caused a hopper-check to occur. 

The ready-to·-read (branch-8) test should 
precede testing each branch-6 instruction. 
This allows the 1401 or 1460 to continue 
processing if the 1428 is no longer ready 
to read. 

BRANCH ON EMPTY HOPPER AND TRANSPORT 

(END OF FILE) 

This indicator turns ON when the hopper 
becomes empty and the trailing edge of the 
last: document passes a point one-half inch 
(10 ms) beyond the document-end 4 sensing 
station. 

This instruction should be given only fol
lowing a ready-to-read ( branch-8) failure, 
to branch to indicate the 1428 js out of 
documents. 

The branch-7 indicator, in conjunction 
with a sense switch on the console, can 
signal the end-oF-job condition and release 
the program from 1428 input. 

8 BRANCH ON READY TO READ 

Branch, if the 1428 is ready to read. This 
indicator turns ON as the first document 
leaves the ready station. The indicator re
mains ON until the last document passes a 
point one-half inch (10 ms) beyond the 
document-end 4 sensing station, or until the 
1428 stops for an empty hopper, a feed jam, 
or a full pocket. 

The branch-8 instruction is used in con
junction with other instructions to indicate 
that the 1428 is ready to read documents. 

Word Marks. Word marks are not affected. 

Timing. 
No Branch: 

T = N (LI + 1) ms. 
Branch (without indexing) 

T = N (LI + 1) ms. 
Branch (with indexing) 

T = N (LI + 2) ms. 

Example. If a late read condition occurs, branch to a 
routine called LATRD (0841) (Figure H-39). 

Autocoder 
Label tratl~ II I I 0 

: I 

OPERAND 

~o . : 

Assembled Instruction: B 841 1 

Figure H-39. Branch if Late Read Condition Indicator On 
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IBM 1401 or 1460 with 1418 or 1428 
General Block Diagram 

The general block diagram (Figure H-40) illustrates 
the 1401 or 1460 with 1418 or 1428 operation codes 
used in a sample program. Other programs can be 
equally valid. However, several machine functions 
make using some of the routines shown advisable. 
Except for a few variations, the block diagram and 
program description for both the 1418 and 1428 are 
identical. The variations are discussed individually 
for each machine. 

1. The main loop for the IBM 1418 or 1428 begins at a 
ready-to-engage test. When this test has been con
ditioned to branch to ENGAGE, the optical reader 
starts feeding documents. 

2. (1418) Select the reading station that is to be the 
source of information. Unless multiple-line docu
ments are to be read, the station selected for a par
ticular run remains selected until power is turned 
OFF to the system. 

2. (1428) Select the reading status of the system to 
read the character-set to be scanned. The reading 
status of the machine can be changed at any time 
during a document cycle, provided that the pre
viously mentioned timing considerations are re
spected. Failure to comply may result in setting 
the late-read or late-reading mode change indi
cator and in missing the nrst character following a 
programmed reading mode change. Select the 
reading station that is to be the source of informa
tion. Unless multiple-line documents are to be 
read, the station selected for a particular run re
mains selected until power is turned OFF to the 
system. 

3. Test for DOCUMENT UNDER SELECTED READ STATION. 

The program goes into a subroutine with a READY 

TO READ while waiting for the leading edge of the 
document to reach the selected reading station. 

4. Reset late-read indicator (branch 1). Testing this 
indicator resets the indicator if it is ON. The indi
cator can then be tested (item 8) at the end of the 
field or document to be certain that all data 
scanned was transferred to core storage. 

5. Test ready-to-read indicator. This test should al
ways be part of any subroutine loop containing a 
test for DOCUMENT UNDER SELECTED READ STATION, 

CHARACTER ON LINE, or DOCUMENT END. This pre-
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vents holding up the processing unit when the 
optical reader is not ready to read. The program 
can exit from the subroutine, if, for example, a jam 
condition occurs. A ready-to-read test failure 
should always branch to the hopper-and-transport
empty test to distinguish between (1) an empty 
hopper and (2) a jam, a full pocket, or an open 
interlock. 

6. Test for character-on-line. The program loops wait
ing for a character to be placed in the on-line reg
ister. A document leaving the selected reading sta
tion while the program is in the character-on-line 
loop indicates: an end-of-data for the document 
was not reached, and the data read to the process
ing unit was either incomplete or in error. This 
subroutine rejects such documents and provides an 
exit from the loop to prevent reading the following 
document as part of the error document because 
the end-of-data indicator was not detected. The 
program proceeds to the next document. 

7. Read from optical reader to the core storage. This 
instruction initiates entry into the oasic 1401 or 
1460 subroutine that transfers and processes each 
character in core storage. 

Move each character to the same arbitrary loca
tion before it is moved to the collect area. This 
places the character in a known fixed location 
where it can be identined easily by a series of 
test-character and branch instructions. This avoids 
having to address-modify the B-address of each 
instruction referring to the character location. 

Depending on the format of the scanned docu
ment, an invalid character: 

a. is ignored if the data read is not significant, or 
b. signals the program to reject the document if the data 

read is significant. 

NOTE: If field correction is used, the document is not 
rejected unless more than one failure .is encountered per 
check-digit field. 

This same basic subroutine should also include 
an end-of-data test. Characters in a fixed-length 
field, or field marks, can be counted. Where docu
ment format is suitable, the document-end test can 
indicate end-of-data. 

NOTE: The read instruction (M %S2 xxx R) in item 7 
must be executed by the time the optical reader places 
another character on-line or a late-read occurs. 

8. (1418) Test for late-read indicator. Branching on 
this test indicates at least one character was not 
transferred to the processing unit. The error rou
tine bypasses the stacker selection (item 9) and 
causes the document to be rejected. 

NOTE: A late-read indication can occur if the optical 
reader scans characters or marks after the system completes 



Invalid 
Test Validity 
of Character 

Subroutine 

Test for more 
Data to be Readt------oJ 

Subroutine Yes 

Kd or Kd.lS.dKd 

Figure H-40. IBM 1401 or 1460 with 1418 or 1428 General Block Diagram 

o 
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the regular subroutine for transferring characters to storage. 
If this happens, failure to execute the late-read reset (see 
item 4) causes the program to enter the error subroutine. 

8. (1428) Test for late-read or late-reading mode 
change indicator. In addition to performing the 
same function as in the 1418, the branch-l indi
cator can be turned ON because of improperly pro
grammed reading-mode change. 

9. Select stacker. If the late-read and other tests such 
as the check-digit cooorm the data as valid, the 
stored program directs the document to the se
lected pocket. The optical reader stores the select 
stacker information until the document reaches the 
selector station. 

10. Process data. The processing unit is now released 
until the field to be read on the next document is 
under the selected reading station. The informa
tion scanned can be written on tape, printed, or 
both. If time permits, an independent tape-to
printer operation can be performed. 

11. Test for DOCUMENT UNDER SELECTED READ STATION. 

This test, together with the ready-to-read test, de
lays the program to assure that the document read 
has left the reading station. This prevents pre
mature re-entry to the character-on-line subroutine 
for the same document. 

12. The program now performs the necessary house
keeping (resetting addresses, clearing storage and 
output areas, resetting indexes and counters, etc.) 
and returns to read or to wait for the next docu
ment. 

13. After the last document, the ready-to-read test 
does not branch, and the hopper-and-transport
empty test shows that the hopper needs more 
documents or than an end-of-job condition exists. 

Programming Considerations 
In planning the stored program, the programmer 
should consider the factors that contribute to efficient 
operation of the 1401 or 1460 with 1418 or 1428 system. 

Timing 

To operate at the speed of the IBM 1401 or 1460 Data 
Processing System, IBM 1418 or 1428 timing considera
tions are important. Document speed and spacing, 
document length (horizontal dimension), character 
spacing, and field location on the document affect pro
gramming. 

Computer processing time is available during a por
tion of the document scanning cycle. This happens 
when the selected read station is between fields being 
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scanned on the same document, and also between the 
last field of one document and the first field of the 
following document. A limited amount of computer 
process time is also available between characters read 
in the same field. Although most of this time is con
sumed in processing the character that is read, any 
remaining time can be used in other operations, for 
example, accumulating a check digit. The elapsed time 
of a document scanning cycle, in milliseconds, can be 
calculated as follows: 

• Continuous Feeding 
Document length (in inches), plus .5 inch (minimum space 
between documents), multiplied by 20 ms per inch (docu
ment speed). 

• Noncontinuotls Feeding (Single-document feeding) 
Document length (in inches), plus programmed arbitrary 
spacing between documents (in inches), multiplied by 20 ms 
per inch (document speed). 

When significant fields of data are scanned, a 1418 or 
1428 read instruction must be given for each scanned 
character since it is stored only tempararily in the 
1418 or 1428 on-line register. The character is lost un
less it is transmitted to' core storage within the allatted 
period of time. (See Character-Recognition Rate.) The 
uninterrupted duration of available pracess time is 
then limited by the character-recognitian rate af the 
scanner and the rules governing a SELECT STACKER in
structian. 

Document Speed 

The time required for a dacument to pass under a 
reading station depends on document length. Docu
ment speed is approximately 1 inch in 20 ms. Use these 
factors for calculating dacument position and time 
lapse. The document design and PDS (photo dacu
ment sensar) timing chart (Figure H -41) shows the 
timing and check points alang the document path. 

A fullsize drawing of Figure H-41 is available in 
quantities of 25 in a pad (Form X24-3039) as an aid 
in determining document position and lapse af time 
as the document follows the transport path past the 
sensing station ( s ). Refer to the Document Design and 
PDS Timing Chart section of the Systems Reference 
Lihrary publication, IBM 1418 Optical Character Reader 
and IBM 1428 Alphameric Optical Reader, Form A24-
1473, for detailed infarmation an the use of this chart. 

Character-Recognition Rate 

The rate of character recognition depends on character 
spacing. For various character spacings, the maximum 
available process time before the next character is 
recagnized is: 
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Characters per Inch 

10 
9 
8 
7 
6 
5 

Mark Reading 
(minimum spacing - .140 inch) 

Late Read 

Milliseconds 

1.5 
1.7 
1.9 
2.3 
2.7 
3.3 
2.6 

A read instruction must be executed for each character 
the 1418 or 1428 places in the on-line register. This in
struction must be given before the next character is 
recognized by the reader. 

The 1418 or 1428 tests the register before placing an
other character on-line. If the previous character has 
not been transferred to core storage, the new character 
replaces the character in the register, and the late-read 
indicator turns ON. The previous character is lost. A 
BRANCH ON LATE READ (~xxxl) instruction resets this 
indicator. 

NOTE: The 1428 also branches if the late-reading mode 
change indicator is ON. Refer to Branch if Indicator On (l-code) 
under IBM 1428 Instructions. 

Multiple-Line Reading 

When switching from one reading station to another 
(special feature), a minimum of 4 ms must be allowed 
for activating the reading circuits. 

Stacker Selection 

A SELECT-STACKER instruction must be given within 10 
milliseconds after the document passes document-end 
4 sensing station. The SELECT-STACKER instruction can 
be given any time before this point is reached. How
ever, the next SELECT-STACKER instruction must not be 
given before the previously selected document passes 
this point by 15 ms or i inch. If a SELECT-STACKER 

instruction is not given within 10 ms after the docu
ment passes document-end 4 sensing station, the 1418 
automatically rejects the document, and the operation 
continues. 

When using a 1428, if a SELECT-STACKER instruction 
is not given within 10 ms, the machine stops and the 
sort light turns on. However, if no characters on the 
document are programmed to read into the system, 
the document is automatically rejected, and the opera
tion continues without signaling a sort-check error. 
When a document-end switch setting is used to indi
cate end-of-reading, the maximum time available for 
a SELECT-STACKER is: 
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Document-End 1 
Document-End 2 
Document-End 3 
Document-End 4 

94 ms 
62 ms 
25 ms 
10 ms 

The 1418 or 1428 stores the program-executed SELECT

STACKER request until the designated document reaches 
the selector station. Document reading can occur while 
a stacker selection is being executed for a previous 
document. 

Sort Check (1428 only) 

The sort-check feature checks the operation of the 
PDS (photo document se:nsor) cells and associated cir
cuitry as the document passes through the transport 
of the scanner. If a photo document sensor failure is 
detected, the 1428 stops and the sort light (located on 
the display panel) is turned ON. One of the pocket
check lights located on the display panel is also turned 
ON. The operating pocket-check light indicates the 
pocket where the last properly read document was 
selected. All succeeding documents in flight are also 
routed to this pocket. Because the number of docu
ments in transport at the time the sort check occurs 
can vary, it is necessary to remove the top 3 to 5 
documents (depending on document length) from the 
indicated pocket and find the last document that read 
correctly. All documents behind the correct one must 
be rerun because they have not been read. 

Spacing 

Spacing between documents cannot be less than t 
inch. However, for continuous feeding, this spacing 
averages It inches, depending on the document con
dition (humidity, temperature, type of stock, and sur
face conditions). Programmers should allow for no 
more than 10 ms (i inch) processing time between 
documents. Additional processing time can be ob
tained by using the time available during a document 
cycle when reading from the document at the selected 
read station is either unnecessary, or the scanned data 
is to be ignored. Additional processing time is also 
available during the document cycle when document 
borders, insignificant data, or spaces between fields are 
passing the selected read station. 

An arbitrary amount of time always can be obtained 
by single-feeding documents under control of the 
stored program. Document output for single-document 
feeding is determined by dividing the transport speed 
(inches per minute) by the sum of the document 
length (in inches) plus the arbitrary space between 
documents (in inches). The arbitrary space between 
documents is controlled by the programmer when 
feeding single documents. Document output for single
document feeding is always less than the document 
output for continuous feeding. 



Hopper Checks 

Invalid Spacing 

Spacing of less than -l inch between documents is 
detected at read-station 1. If the leading edge of a 
document (B) reaches document-end 1 sensing station 
before the previous document (A) leaves read-station 
1, document B cannot be read. Document B is auto
matically rejected and the hopper-check light turns 
ON without stopping the 1418 or 1428. Branch-3 and 
branch-6 indicators are prevented from turning ON 

until the leading edge of the next properly spaced 
document is detected. However, the trailing edge of 
document B still activates branch-5 according to the 
document-end switch setting. 

Overlapping 

The 1418 or 1428 senses document overlapping when 
the combined length of two or more consecutive docu
ments exceeds 9± inches. Overlapped documents are 
automatically rejected without being read and the 
hopper-check light turns ON without stopping the 
1418 or 1428. Branch-3 and branch-6 indicators are 
prevented from turning ON until the leading edge of 
the next properly spaced document is detected. The 
trailing edge of the last document in the overlapped 
group activates the branch-5 indicator according to 
the docmnent-end switch setting. 

Because branch-3 and branch-6 indicators are never 
turned ON for documents causing a hopper check, no 

erroneous data can ever enter the processing system 
while these unread, automatieally rejected, documents 
are being scanned. 

Programming for Hopper.Check Detection 

A programmed combination of branch-3 and branch-5 
can be used to establish when hopper checks occur, 
provided that the setting of the document-end switch 
is appropriate. To detect a hopper check at read-sta
tion 1, the document-end switch must be set at 1. To 
detect a hopper check at read-station 2, the document
end switch must be set at 4. If, at any time during the 
document cycle, branch-5 indicator is turned OFF by 
the leading edge of a document, and branch-3 indi
cator has not been turned ON within 15 ms after 
branch-5 is turned OFF, a hopper check has occurred. 

Line Switching 

When the IBM 1418 or 1428 is equipped with an addi
tional reading station (special feature), specific dis
tances must be allowed between the last character to 
be read at one station and the first character at the 
other station. For switching from station 1 to station 
2, the distance cannot he more than 4.05 inches. For 
switching from station 2 to station 1, the distance 
cannot be less than 4.45 inches. (See Switching Sta
tions in the Systems Reference Library publication, 
IBM 1418 Optical Character Reader and IBM 1428 
AlphameriC Optical Reader, Form A24-1473. 
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IBM 1412 Magnetic Character Reader, 
Modell 

The IBM 1412 Magnetic Character Reader ( Figure 
H-42) can be used as a separate unit to sort documents 
(off-line), or it can be attached to an IBM 1401 or 1460 
Data Processing System with sorting controlled either 
by the 1412 or by the stored program (on-line). 'This 
flexibility permits the most efficient use of both the 
data processing system and the 1412. 

Data Flow 

The IBM 1412 reads documents into the processing 
unit for processing when the reader is instructed by 
the stored program to feed a document. Control over 
the selection of data for transmission to the process
ing unit remains with the 1412 read-field keys. 

Sorting functions are identical in the reader on-line 
mode and reader off-line mode because sorting, in 
both instances, remains under the control of the 1412. 

The stored program must instruct the 1412 to read 
each document. After the data is read into the proc
essor, the stored program can determine the pocket to 
which each document is directed by examining the 
sort-column digit. In the case of error documents, 
the read-check indicator and the appropriate field
error indicators can be interrogated to determine the 
type of error. 

IBM 1412 Instrudions 
One IBM 1412 can be connected with the IBM 1401 or 
1460 Data Processing System to read magnetic-ink 
characters. Instructions that control 1412 operations 
are presented in this section. 

Figure H-42. IBM 1412 Magnetic Character Reader 
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Engage Magnetic Character Reader 

Instruction Format. 

Mnemonic 
CU 

Op Code 
U 

A-address 
%51 

d-character 
E 

Function. 'This instruction selects the 1412 and starts 
document feeding. 

This instruction must precede LOAD FROM MAG

NETIC CHARACTER READER and MOVE FROM MAGNETIC 

CHARACTER READER instructions. Once selected, the 
1412 begins feeding documents. Document feeding 
continues until the 1412 is instructed to stop feeding 
documents, or until a system stop occurs. 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 1) ms + I/O. 
Refer to the timing chart (Figure H-60). 

Example. Engage the 1412 and start feeding docu
ments (Figure H -43) . 

Autocoder 
OPERAND 

Assembled Instruction: U %51 E 

Figure H-43. Engage Magnetic Character Reader 

Disengage Magnetic Character Reader 

Instruction Format. 

Mnemonic 
CU 

Op Code 
!l 

A-address 
%51 

d-character 
D 

Function. This instruction disengages the 1412 and 
signals it to stop feeding documents. 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 1) ms + I/O. 
Refer to timing chart (Figure H-60). 

Example. Disengage the 1412 and stop feeding (Fig
ure H-44). 



OPERAND 
II! 40 11 00 

Assembled Instruction: U %51 0 

Figure H-44. Disengage Magnetic Character Reader 

Load from) Magnetic: Character Reader 

Instruction Format. 

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

Function. This operation causes a serial transfer of 
characters from the 1412 to the processing unit. The 
1412 must have previously been signaled to begin 
feeding documents before this instruction can be 
executed. The data processing system cannot per
form any other operation during the execution of 
this instruction. 

The £rst character (including A. B. A. special sym
boIs) transferred from the reader to the processing 
unit is placed in the storage location specified by 
the B-address. Subsequent characters transmitted 
from the same document enter successively lower 
storage locations. 

When the load instruction is used, a word mark 
is automatically placed in each storage position con
taining an A. B. A. special symbol. 

NOTE: The read operation is completed when the process
ing unit receives an end-of-data signal. 

The earliest occurrence of the following conditions 
generates an end-of-data signal: 

1. The high-order field-definition symbol for the last 
field selected for reading passes the read head 
(photocell 3). 

2. The leading edge of the document reaches photo
cell 3A during processing unit on-line operations. 
When this condition generates an end-of-data sig
nal, 7.5 ms are available for stacker selection. 

3. The trailing edge of the document reaches photo
cell 3. 

4. The processing unit encounters a group-mark 
with a word-mark in read-in storage. 

A read instruction is required for each document. 
If the leading edge of the document reaches photo
cell 3 without a read ins:truction for that document, 
the late-read indicator turns ON. The indicator turns 
OFF when the leading edge of the next document 
reaches photocell 2 (read-ready time fOir the next 
document). When the stored program is controlling 
document distribution, the document must be di
rected to a pocket with a SELECT STACKER instruc
tion (~d). When the 1412 controls distribution, the 
late-read document automatically enters the reject 
pocket. 

Word Marks. The word marks are read into storage 
as a result of sensing A. B. A. special symbols. There
fore each position in storage containing A. B. A. 
symbols also contains a word mark. 

Timing. T = N (LI + 1) ms + message length + docu
ment movement~ + 1. 
'ltRefer to Figure H-60. 

Example. Transfer characters serially from the 1412 
to area labeled INPUTA (0705) (Figure H-45). 

Autocoder 

I' Label 
OPERAND 

~I. ! ~ 
! : 

Assembled Instruction: L %51 705 R 

Figure H-45. Load from Magnetic Character Reader 

Move from Magnetic Character Reader 

Instruction Format. 

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

Function. This operation is the same as the LOAD FROM 

MAGNETIC CHARACTER READEH operation, with two ex
ceptions: 

1. No word marks are placed in storage in those po
sitions containing special symbols. 

2. This operation does not clear word marks from 
storage. 
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NOTE: If a word mark exists in storage where a group 
mark is placed by an end-of-data signal, the storage position 
thereafter contains a group-mark with a word-mark. 

"Vord Marks. Word marks are not affected. 

Timing. T = N (LI + 1) ms + message length + docu
ment movemenf~ + l. 
,})Refer to Figure H-60. 

Example. Transfer characters serially from the 1412 
to area labeled INPUTA (0705) (Figure H-46). 

Autocoder 
OPERAND 

:'. ,~ 

Assembled Instruction: M %51 705 R 

Figure H-46. Move from Magnetic Character Reader 

Select Stacker - Magnetic Character Reader 

Instruction Format. 

Mnemonic 
SS 

Op Code 
K 

d-character 
x 

(See Figure H-47) 

Function. This instruction directs the document that 
was just read by the reader to the reader pocket 
specified by the d-character. 

The reader must be operating in the prDcessing 
unit on-line mode to' execute this instruction. If this 
instruction is given when the reader is operating in 
the reader on-line mode, the 1412 feeding stops and 
the processing unit light turns on. 

The d-character (A-M) representing one of the 
13 reader pockets is sent to the 1412 and activates 
the chute blade that directs the document to' the 
selected pocket. 

The SELECT STACKER instruction must be given 
befDre the document reaches photocell 4. Processing 
time available to detennine pocket selectiDn de
pends on the position Df the leading edge of the 
document when all required reading has been com
pleted. FDr example, a minimum of 13 ms is avail
able for pocket selection if the transit-routing field is 
the last read field selected. 
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d - character Reader Pocket 

A A 

B B 

C through L o through 9 

M Reject 

Figure H-47. Select Stacker d-Character 

If the trailing A. B. A. field-definition symbol is 
missing from the last read field selected, an end-of
data signal is prDvided by either photocell 3 or 3A 
to guarantee at least 7.5 ms for a SELECT STACKER 

decisiDn. 
Photoce1l3A is located in the transport mechanism 

in such a position that the end-of-data signal occurs 
after all possible inscribing positions on the docu
ment have passed' under the read head. If a SELECT 

STACKER ins,truction is nDt given in time, the 1412 
stops feeding documents (sort-compare) and directs 
all documents that have left the separator station to 
the reject pocket. 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 1) ms. 

Example. Select the document that was just read into 
pocket number 1 (Figure H-48). 

Assembled Instruction: K 0 

Figure H-48. Select Document into Stacker 1 

Branch if Magnetic Character Reader 
Late-Read Indicator On 

Instruction Format. 

Mnemonic 
B 

Op Code 
B 

I-address 
xxx 

OPERAND 

:', ,,~ 

d-character 
1 

Function. This operation tests the 1412 to' determine 
whether Dr not it has detected a late-read condition 
(document reaching photocell 3 withDut a READ in-



struction for that document). This indicator turns 
off when the next document creates a read-ready 
condition. 

Word Marks. Word marks are not affected. 

Timing. 

No Branch: 
T = N (LI + 1) ms. 

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

B;anch (with indexing): 
T = N (LI + 2) ms. 

Example. Test the late-read indicator. If the indicator 
is ON, branch to LRDTST (0623) (Figure H-49). 

Autocoder 

10 40 ~ label 
OPERAND 

41 10 

! : 

Assembled Instruction: B 623 1 

Figure H-49. Branch if Magnetic Character Reader Late Read 
Indicator On 

Branch if Magnetic Character Reader 
Read-Not-Ready Indicator On 

Instruction Format. 

Mnemonic 
B 

Op Code 
B 

I-address 
xxx 

d-character 
2 

Function. This instruction tests the read-not-ready 
indica tor and branches to the instruction specified 
by the I .. address when the indicator is ON. The lead
ing edge of a document passing photocell 2 turns off 
the indicator when the trailing edge of the previous 
document has passed under photocell 3. This occurs 
for the 15 ms prior to the reading of the document. 
This indicator turns on when the leading edge of the 
document passes photocell 3. A read instruction 
should be given only when the read-nat-ready indi
cator is OFF. 

Word Marks. Word marks are not affected. 

Timing. 

No Branch: 
T = N (LI + 1) ms. 

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

B1'anch (with indexing): 
T = N (LI + 2) ms. 

Example. Test the read-not-ready indicator. If the 
indicator is ON, branch to RNRTST (0735) (Figure 
H-50). 

Autocoder 
OPERAND 

:'. ,,~ 

Assembled Instruction: B 735 2 

Figure H-50. Branch if Magnetic Character Reader Read-Not
Ready Indicator On 

Branch if Magnetic Character Reader 
Read-Check Indicator On 

Instruction Format. 

Mnemonic 
B 

Op Code 
B 

].-address 
xxx 

d-character 
3 

Function. This operation tests the read-check indi
cator and branches to the instruction specified by the 
I-address when the indicator is ON. The indicator 
turns ON during a read operation if any of the se
lected fields have: 
1. an unreadable digit or symbol 
2. a wrong sequence of symbols 
3. missing digits or symbols 
4. a missing field 
5. an account number self-check-digit verification 
error. 

This indicator turns OFF when the leading edge of 
the next document passes photocell 3. 

Word Marks. Word marks are nQit affected. 
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Timing. 

No Branch: 
T = N (LI + 1) ms. 

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

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

Example. Test the read-check indicator. If the indi
cator is ON, branch to RCKTST (0432) (Figure H-51). 

Autocoder 

Assembled Instruction: B 432 3 

Figure H-51. Branch if Magnetic Character Reader Read
Check Indicator On 

Branch if Magnetic Character Reader 
Amount-Field Indicator On 

Instruction Format. 

Mnemonic 
B 

Op Code 
B 

I-address 
xxx 

d-character 
4 

Function. This operation tests the amount-field indi
cata:f and branches to the instruction specified by 
the I-address when the indicator is ON. The indicator 
turns ON during a 1412 read operation if: 
1. Any of the characters in the amount field (includ
ing the amount special symbols) are unreadable. 
2. Special symbols are missing or out of sequence. 
3. The field is missing. 
4. The field length is invalid. 
5. The late-read indicator is ON. The amount-field 
indicator turns OFF when the leading edge of the 
next document passes photocell 3. 

Word Marks. Word marks are not affected. 

Timing. 

No Branch: 
T = N (LI + 1) ms. 
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Branch (without indexing): 
T = N (LI + 1) ms. 

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

Example. Test the amount-field indicator. If the indi
cator is ON, branch to AFDTST (0688) (Figure H-52). 

OPERAND 

:'. . : 
Assembled Instruction: B 688 4 

Figure H-52. Branch if Magnetic Character Reader Amount
Field Indicator On 

Branch if Magnetic Character Reader 
Process-Control Field Indicator On 

Instruction Format. 

Mnemonic 
B 

Op Code 
B 

I-address 
xxx 

d-character 
5 

Function. This operation tests the process-control field 
indicator and branches to the instruction specified 
by the I-address when the indicator is ON. The indi
cator turns ON during a 1412 read operation if: 
1. Any of the characters in the process-control field 
(including the special symbols) are unreadable. 
2. The field is missing. 
3. Special symbols are out of sequence or are miss
ing. 
4. The field length is invalid. 
5. The late-read indicator is ON. The process-control 
field indicator turns OFF when the leading edge of 
the next document passes photocell 3. 

vV ord Marks. Word marks are not affected. 

Timing. 

No Branch: 
T = N (LI + 1) ms. 

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

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



Example. Test the process-control field indicator. If 
the indicator is ON, branch to PCFTST (0892) (Fig
ure H-,53). 

Autocoder 

~L~I .~~~~_~_tl~L-~~ ___ ~ __ ~~ __ ~ ___ O=~~AA __ ND __ _, 'R ~ U H g M 
BINP,C FT:S.T, S, 

Assembled Instruction: B 892 5 

Figure H-53. Branch if Magnetic Character Reader Process
Control Field Indicator On 

Branch if Magnetic Character Reader 
Account-Number Fueld Indica'tor On 

Instruction Format. 

Mnemonic 
B 

Op Code 
B 

I-address 
xxx 

d-character 
6 

Function. This operation tests the account-number 
field indicator and branches to the instruction speci
fied by the I-address when the indicator is ON. The 
indicator turns ON during a 1412 read operation if: 
1. Any of the characters in the account-field (in
cluding the special symbols) are unreadable. 
2. The field is missing. 
3. Special symbols are missing or out of proper 
sequence. 
4. The field length is invalid. 
5. The late-read indicator is ON. If the 1412 is 
equipped with the self-checking number special fea
ture, self-checking digit en-ors also turn ON the ac
count-number field indicator. The account-number 
field indicator turns OFF when the leading edge of 
the next document passes the photocell 3. 

Word Marks. Word marks are not affected. 

Timing. 

No Branch: 
l' = N (Lr + 1) ms. 

Branch (without indexing): 
l' = N (LI + 1) ms. 

Branch (with indexing): 
l' = N (LI + 2) ms. 

Example. Test the account-number field indicator. If 
the indicator is ON, branch to ANFTST (0392) 
(Figure H -54) . 

Autocoder 
O~AAND 

:'. I ~ 

Assembled Instruction: B 392 6 

Figure H-54. Branch if Magnetic Character Reader Account
Number Field Indicator On 

Branch if Magnetic Character Reader 
Transit-Routing Field Indicator On 

Instruction Format. 

Mnemonic 
B 

Op Code 
B 

I-address 
xxx 

d-character 
7 

Function. This operation tests the transit-routing field 
indicator and branches to the instruction specified 
by the I-address when the indicator is ON. The indi
cator turns on during a 1412 operation if: 
1. Any of the characters in the transit-routing field 
(including the special symbols) are unreadable. 
2. The field is missing. 
3. Special symbols (except the dash) are missing or 
out of sequence. 
4. The field length is invalid. 
5. The late-read indicator is ON. The transit-routing 
field indicator turns off when the leading edge of 
the next document passes photocell 3. 

Word Marks. Word marks are not affected. 

Timing. 

No Branch: 
l' = N (Lr + 1) ms. 

Branch (without indexing): 
l' = N (LI + 1) ms. 

Branch (with indexing): 
l' = N (LI + 2) ms. 
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Example. Test the transit-routing field indicator. If the 
indicator is ON, branch to TRFTST (0543) (Figure 
H-55). 

Autocoder 

~ label 
OPERAND 

:'. " ~ . : 

Assembled Instruction: B 543 7 

Figure H-55. Branch if Magnetic Character Reader Transit
Routing Field Indicator On 

Branch if Magnetic Character Reader 
Document-Spacing Check Indicator On 

Instruction Format. 

Mnemonic 
B 

Op Code 
B 

I-address 
xxx 

d-character 
8 

Function. This instruction tests the document-spacing 
check indicator and branches to the instruction 
specified by the I-address when the indicator is ON. 

The testing must be made Dnly after the trailing 
edge of the document passes photocell 3. This is 
nearly equivalent to read-ready time. 

The document-spacing check indicatDr turns on 
when there is less than a minimum space between 
documents, Dr when a document is IDnger than a 
specified maximum. 

This indicator turns Dff when the leading edge of 
the next document passes photocell 3. 

Word Marks. Word marks are not affected. 

Timing. 

No Branch: 
T = N (LI + 1) ms. 

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

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

Example. Test the check indicator, and branch to 
IDeation labeled DSCTST (0650) (Figure H-56). 
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Autocoder 
OPERAND 

:'. . ~ 

Assembled Instruction: B 650 8 

Figure H-56. Branch if Magnetic Character Reader Document
Spacing Check Indicator On 

IBM J 4 J 2 Programming Considerations 
The cDnditions described in this sectiDn are items that 
will assist the programmer in developing the pro
grams. 

Document Spacing Error 

The document-spacing indicator turns ON if: 
1. The space between documents at the read station 

is less than 3 inches. 
2. The distance between leading edges of adjacent 

documents at photocells 3 and 4 is less than 9 
inches. 

3. The dDcument is more than 9 inches long. 

If the indicator is ON at read-ready time, the document 
just read is directed to the reject pocket, regardless of 
SELECT-STACKER instructiDns. 

Engage Line 

After the engage line is turned on by an ENGAGE 1412 
instruction, it is turned OFF only: 
1. by a DISENGAGE 1412 instruction. 
2. by pressing START/RESET Dn the 1401. 
3. if the 1401 check-reset light is ON. 

These machine errors require a restart prDcedure. This 
restart procedure must always include an ENGAGE 

1412 instruction. 

Serial Number (Auxiliary On-Us) Field 

These facts should be considered when processing 
data from the serial number field: 
1. When operating in the processing unit on-line 

mode, inscribing in the serial number field must 
not extend beyond 7 t inches from the leading edge 
if the serial number is to be read. 

2. The reader on-line mode allows reading beYDnd 
the first 7 ± inches Df a document. 

3. There is no field-length count Dn the serial number 
field. 



Word Miuks 

A word mark accompanies each special symbol read 
into the processing unit when the LOAD instruction is 
used. All special symbols (except the dash symbol) 
associated with active read fields read into the sys
tem. 

Group Marks 

A group mark only enters storage in the processing 
unit at the end of each READ FROM 1412 operation. 

Clearing Storage After Read Error 

The read-in area should be cleared before each READ 

FROM 1412 operation. This is to ensure that only data 
from the document currently being read is in storage 
at the end of any read operation. 

Data in S'torage 

A field cannot be read if the proper leading special 
symbol of that field is not recognized. The field is ter
minated by recognition of the proper trailing special 
symbol or any other field definition special symbol. 
(Dashes are not interpreted as field definition special 
symbols.) The following examples are used to illus
trate the preceding statements. Note that a field is 
not valid unless it has the proper leading symbol and 
the proper trailing symbol. For the examples, a docu
ment containing all fields except the serial number 
field has been chosen. All inscribed fields on the docu
ment have been selected. 

5 5 

Figure H-58. Data Read into Storage Correctly 

5 

Data Stored Without Read Errors 

Figure H-57 illustrates data correctly inscribed. Fig
ure H-58 illustrates its appearance in storage. 

Data Stored with Read Error Conditions 

1. If the low-order amount field symbol (1 S S 1) is 
not identified, nothing enters storage until a spe
cial symbol is identified. The dollar amount field 
never enters storage. The amount and process con
trol fields are in error. All fields except the amount 
field enter storage (Figure H-59). Note that the 
dash does not enter storage. 

2. If the second amount symbol (2 S S 1) is not iden
tified, the dollar amount field and process control 
field are in error. They appear in storage with the 
second amount-symbol represented as an asterisk. 
All other fields are in storage. 

~ 
PREQUAL,.I"'I:D 

Figure H-57. Inscribed 6-Inch Check 

5 5 
7 7 

5 

5 
8 

5 

9 
5 
9 

Figure H-59. Data Read into Storage, First Amount Symbol not Identified 
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3. If the first on-us symbol (1 S S 2) is not identified, 
the process control and account number fields are 
in error. They appear in storage with the first 
on-us symbol represented as an asterisk. All other 
fields are in storage. 

4. If the first transit symbol (1 8 8 3) is nDt identi
fied, the account number and transit fields are in 
errDr. They appear in storage with the first transit 
symbol represented as an asterisk. All other fields 
are in storage. 

5. If the second transit symbol (2 S S 3) is nDt identi
fied, the transit field is in error. The secDnd transit 
symbol appears an as asterisk. All other fields are 
in storage. When operating in the processing unit 
on-line mode, the end of data occurs, for docu
ments less than 7 ± inches IDng, when the trailing 
edge of the document passes phDtocell 3, and for 
documents 7± inches or longer, when the leading 
edge of the document passes photDcell 3A. When 
operating in the reader on-line mode, the end of 
data occurs when the trailing edge of the docu
ment passes phDtocell 3. 

6. If a dash in the transit field is not identified, the 
transit field is in error. An asterisk appears as an 
extra character position in storage. 

7. A missing dash (8 S 4), a missing blank space, 
extra dashes, or extra blank spaces cause no read
in errors. Blank spaces and missing dashes are not 
transmitted to storage. 

8. A missing character in any field causes that field 
to be in error. It forces all data that is to the left 
of the missing character on the check to shift one 
pDsitiDn up in storage. 

9. An unreadable character (including the dash sym
bol) causes that field to be in errDr and an asterisk 
to be inserted in that position. 

10. A missing field symbol is the same as an unread
able symbol except that an asterisk is not placed 
in storage. 

11. If the transit routing field is not selected and the 
first transit symbol (1 S S 3) is not identified, the 
1412 continues to load the transit field and stops 
after sensing the secDnd transit symbol. The first 
transit symbol enters stDrage as an asterisk. The 
account number field is in error. The account 
number field and the transit field enter storage. 
For this example, assume that the account num
ber field has been selected. 

12. If the amount and transit fields are selected and 
the second amount symbDI is not sensed, the 1412 
continues to. read data into storage until it senses 
a field-definition special symbol or an end-of-data 
condition. 
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13. If the amount and transit fields are selected and 
the first transit symbol is not sensed, Dnly the 
amount field and the second transit symbol enter 
storage. The 1412 considers the second transit 
symbDI to be the first transit symbol (1 8 8 3) and 
continues to read data until it senses an end-of
data conditiDn. If the serial number is on the 
check, sensing an on-us symbol causes an end
of-data signal. 

14. A second on-us symbol (S 8 82) before the first 
transit symbol (1 8 8 3) is acceptable. The 8 8 8 2 
acts as a closing symbol for the aCCDunt number 
field and takes an extra position in storage. If the 
S 8 8 2 is unreadable, the account number field is 
in error and an asterisk enters storage, even though 
the first transit symbol is readable. 

15. If the 8882 is missing but the first S8 3 is present 
and readable, the account number field enters 
storage as a valid field. 

16. Any special symbol conflict causes all field error 
latches to turn on. 

Stop Conditions 

The stored program must be written to handle stops 
initiated in the data processing system. 

Whenever possible, system stops should be initiated 
by pressing the 1412 stop-restore key. When this is 
done, source documents stop feeding in the 1412. All 
data read is properly entered into the system and cor
rectly processed. The system can then be stopped with 
a minimum of problems, and the program will have 
s}opped in a read-not-ready condition. All additional 
processing will have been accomplished. 

Whenever any other stop key in the system is 
pressed, the stored program exebutes the instruction 
being handled. Then, the processing unit stops oper
ating. 

All documents in the 1412 whose leading edges are 
past photocell 1 when the processing unit stops con
tinue to feed through the reader. Those whose lead
ing edges are past photocell 4 have been read into 
the system, and have been correctly distributed. Those 
whDse leading edges have not reached photocell 4, but 
whose active read-fields have passed the read head 
when the system stops, have entered data into. the 
system correctly, but have not been properly dis
tributed. ThDse that have started under the read head 
but whose active data fields have not completely 
passed under the read head, have entered part of their 
data into the system, and have not been assigned 
distributiDn. ThDse whose leading edges have not yet 
reached photocell 3 have been neither read nor as
signed distributiDn. 



A system error stop acts upon the 1412 in the same 
manner. 

The stored program, there.fore, must be written to 
print out (or othei'wise indicate to the operator) the 
last data entered into storage. With this information 
the operator can determine the last document read 
and verify the accuracy of document distribution. This 
print-out indication is also needed in case of 1412 
jams and 1412 emergency stops. 

IBM 1412 Timings 

Determining the 1412 Feeding Rate 

The facts needed to develop a formula for the 1412 
feeding rate are: . 

1. Documents move through the 1412 at a rate of 5 
ms per inch. 

2. The average space between documents approxi
mates the average length of the documents. 

3. One millisecond is equal to 1/1000 of one second. 

To find the average 1412 document cycle time: 

1. Determine the average length of the documents. 

2. Multiply this figure by two. (This accounts fnr the 
space between documents.) 

3. Multiply this result by 5 (ms per inch). This prod
uct is the average number of milliseconds required 
for each document. 

Example: If the average document length is 8 
inches, then 8 in/doc. X 2 X 5 ms/in. = 80 ms per 
document. Because 2 and 5 are constants, they can be 
combined to arrive at the formula: A X 10 = ms/docu
ment, where A is the average length of the document. 

However, a figure in documents-per-minute will be 
more practical. To determine the number of millisec
onds per minute, multiply :LOOO (ms per sec.) X 60 
(seconds per minute). 1,000 X 60 = 60,000 milliseconds 
in a minute. 

To determine the number of documents per min
ute, divide the number of milliseconds per minute 
by the document cycle time (in milliseconds). There
fore, the formula is: 
60,000 -;- (A X 10), or 
6,000 -;- A 

Example: Using the example of 8 inches for an 
average document: 
6,000 -;- 8. = 750 documents per minute. 

Feed Call 

Figure H-60 illustrates, schematically, the path of a 
document through the 1412. The positions of five pho
toelectric cells, which detect the presence or absence 
of a document, are shown. 

Pressing the 1412 start key feeds documents to pho
tocell 1. To move documents past photocell 1 when 
operating on-line, the stored program must initiate a 
1412 feed call by supplying an ENGAGE 1412 instruc
tion. During normal operations, the feed call is avail
able when documents reach photocell 1. This allows 
a continuous flow of documents from the separator 
station. However, if a feed call is not available when 
the leading edge of a document is sensed at photocell 
1, the document stops. If a feed call is interrupted at 
any time after its leading edge is sensed at photocell 1, 
that document feeds on to a pocket. 

Conditions that Interrupt the Feed Call. Conditions 
that interrupt a feed call and stop document feed
ing with a document under photocell 1 are: 
1. A DISENGAGE 1412 instruction has been issued. 
2. A pocket in the 1412 is full. 
3. The unload-pocket/restart key has been pressed. 
4. No read-field key was pressed for a processing 
unit-on-line operation. 
5. The electronic accumulator - sequence checking 
feature is executing a print cycle. 
6. The machine is single-cycling in the customer
engineering Single-feed mode. 

All these conditions except the disengage instruc
tion cause the stored program to enter a pro
grammed read-not-ready loop (no document sensed 
by photocell 2). 

Time Between Documents 

The minimum time between documents is 15 ms. 

Documents in Flight 

A disengage 1412 instruction interrupts the feed call. 
Any documents whose leading edges have passed pho
tocell 1 must be processed by the processing unit pro
gram. 

Photocell 3 is located near the read head. The dis
tance between photocell 1 and photocell 3 is 101%0 

inches. Normally, the spacing between documents is 
approximately equal to the length of the trailing docu
ment. The minimum spacing is 3 inches. Considering 
the minimum length check (6 inches) and the mini
mum spacing requirements, a program would, under 
valid conditions, need to handle the processing of two 
documents after a disengage instruction. However, if 
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Documents stop feeding here un ess reader is engaged 

Engage feed line is broken by: disengage instruction, full pocket, pressing unload-pocket/restart switch before a full pocket condition, no readl 
field key activated during processing unit on-line operations, electronic accumulator print cycle, single-feeding mode, single cycle (custome.' 

, engineering aid). 

Leading edge turns late read indicator off 
Document spacing test. 

Leading edge resets document reject latch. 
Leading edge turns read not ready line off 

Document spacing telt. Both test indicators on indicates less than 3/1 between documents. 
Leading edge turns late read indicator on 
Leading edge resets recognition circuits 
Leading edge resets sort register 
Leading edge resets error indicators 
Leading edge turns read not ready indicator on. If the 1412 is disengaged and this indicator remains on 150 ms, 
there are no more documents. 
Trailing edge of documents indicates end of data signal to processing unit causing group mark in storage 
if last field definition special symbol is missing (on-line modes) 
Trailing edge of documents less than 7~ inches in length initiates end of data signal, causing group mark in 
processing unit storage if last field definition special symbol is missing (processing unit on-line mode only) 

All data fields have passed read head. This photocell is active in (processing unit on-line mode 
only) 
Leading edge of documents exceeding 7~ inches in length initiates end of data signal, causing 
group mark in processinng unit storage, if last field definition special symbol is missing (process
ing unit on-line mode only) 

Document 
-length-_ 

test here. 

Program must provide stacker select instruction by the time the leading edge of the docu
ment reaches this position. 
Leading edge resets routing register. 
Trailing edge of document initiates the sort-compare test. 

trailing edge is sensed here documents over· lapped. 
Leading edge sensed here before} Indicates a long document or two 

~---------r--~--------

~---------150 ms 
50 ms minimum till 
read ready time from 
engage instruction 

50 ms minimum 

Photocell 1 

15 ms 

Photocell 2 

Photocell 3 

7.5 
37.5 ms ms 

Photocell 3A 

Photocell 4 

DIRECTION OF DOCUMENT MOVEMENT 
I 

Figure H-60. Timing Chart 
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less than the minimum spacing is present, or a docu
ment is short, it is possible to have as many as three 
documents whose leading edges have passed photo
cell 1, but have not yet reached the read head. Be
cause everyone of these documents must be read and 
distributed (if only to determine invalid spacing), the 
program should be written to handle three documents 
after every disengage instruction. 

When a read-not-ready condition exists for 115 ms 
after a disengage 1412 instruction has been executed, 
the stored prDgram can proceed as if there are no 
mDre documents to be processed. 

Select Stacker Timings 

PrDcessing time for stacker selection begins with the 
end-of-data signal. The SELECT STACKER instruction 
must be available to the 1412 when the document 
reaches photocell 4. The time available for selection 
can be determined by measuring the distance between 
the leading edge of the document and photocell 4 
when the stored program receives an end-of-data 
signal. 

A formula for select-stacker time is: (9 - R) X 5. 

9 = inches between read head and photocell 4. 
R = distance between the leading edge of the document and the 

read head when the end-of-data signal is generated. 
5 = number of milliseconds per inch of document travel. 

When nO' read-error occurs, these timings apply: 

1. Amount field only is selected. The available time is 
35 ms for stacker selection and 35 ms for process
ing. 

2. Process control field is last field selected. Timing 
depends upon the maximum number of digits to 
be read. Use the formula to determine select-stacker 
and prDcessing time. 

3. Account numher field is last field selected. Read 
fields can use 41%6 inches of document space. Avail
able time is 20 ms for stacker selection and 20 ms 
for processing. 

4. Transit routing field is the last field selected. The 
transit/routing field can extend as far as 60/16 inches 
from the leading edge. This condition allows 13 
ms for stacker selection and 15 ms for processing. 

5. Serial number field is selected. If the serial num
ber field is selected, Dnly 71h ms are available for 
stacker selection. Because this field may not be 
inscribed on some documents, the end-of-data sig
nal must be generated by the leading edge of the 
document passing photocell 3A. Processing time is 
15 ms. 

NOTE: More than 7J~ ms may be available for stacker selec
tion when: 
1. the document is completely read before the leading edge of 

the document reaches photocell 3A. 
2. the document is less than 7J~ inches long. 
3. a group-mark with a word-mark is reached in storage. 

Because it is impossible ·to estimate the actual time 
available in such cases, 71h ms shDuld be used as the 
minimum time available for processing and program
sDrting the enor document. 
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IBM 1419 Magnetic Character Reader 

When attached to an IBM 1401 or 1460 Data Process
ing System, the IBM 1419 Magnetic Character Reader 
(Figure H-61) permits fast and direct entry of banking 
transactions into core storage. Data, in the form of 
magnetically inscribed characters, is read from docu
ments and transferred into core storage for processing. 
During this time, the documents are selected into 
stackers specined by the stored program. 

IBM 1419 Instructions 
The instructions presented in this section are those 
used by the IBM 1401 or 1460 Data Processing Systems 
and those data processing systems wherein the instruc
tions are compatible with the 1401 or 1460. Any other 
data processing system to which the 1419 is attached 
must provide the 1419 with similar instructioos. Actual 
instructions for these systems can be found in refer
ence material for the specined data processing system. 

Unless the mnemonic is identined as either a Sym
bolic Programming System (SPS) mnemonic or an 
Autocoder (A) mnemonic, the one shown applies to 
both. 

One 1419 can be connected with the IBM 1401 or 
1460 Data Processing Systems to read magnetic-ink 
characters. Instructions that control 1419 activity are 
presented in this section. 

Unit Control 

Instruction Format. 

Mnemonic 
CU 

Op Code 
U 

A-address 
%S1 

d-character 
x 

Function. This instruction controls the operation of 
the IBM 1419. Its function depends on the character 
in the d-character position of the instruction. 

Figure H-61. IBM 1419 Magnetic Character Reader 
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d-Character 
E 

Operation 
ENGAGE: Selects the magnetic character 
reader and instructs it to start feeding docu
ments continuously. This document-feeding 
capability continues until the 1419 is in
structed to stop feeding documents ( DIS

ENGAGE) or until a system-stop occurs. 

D DISENGAGE: Instructs the 1419 to stop feed
ing documents. 

Word Marks. \-Vord marks are not affected. 

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

Note. When operating in the overlap mode, an interlock occurs 
whenever an ENGAGE 1419 or a DISENGAGE 1419 instruction is 
issued while the channel is busy. Therefore, always test to 
determine that the I/O channel is not busy before issuing 
one of these instructions during overlap-mode operations. 

Example. Engage the 1419 and start feeding of docu
ments (Figure H-62). 

Autocoder 
OPERAND 

:'. ,,: 
Assembled Instruction: U %51 E 

Figure H-62. Unit Control (Engage) 

Read Instructions 

There are four different instructions that can be used 
to read information from the 1419 into processing-unit 
storage. One of these must be issued for each docu
ment before that document reaches PDS 4 at the read 
head. Otherwise, a read-instruction late error (com
monly called a late-read error) occurs. 

A read instruction always causes the I/O channel to 
become busy as soon as the instruction is issued. Any 
document under the read head when the read instruc
tion is issued (the late-read document) is not read. 
The read instruction intended for the late-read docu
ment does not end when PDS 4 senses the trailing edge 
of the late-read document, but remains effeetive for 
the next document to reach the read head, unless an 
end-of-data is generated by a system-restart procedure 
or by programming. 

A late-read instruction, therefore, causes the channel 
to be busy from the time the instruction is issued until 
the next end-of-data occurs. The end-of-data is usually 



generated by the following document. Thus, after a 
read insnuction is issued, a condition of a document 
under the head, followed by no document under the 
read head and a simultaneous channel-busy indication, 
indicates that the last read instruction was issued too 
late. 

When the system is operating in the overlap mode, 
an interlock occurs whenever a read instruction is 
issued while the channel is busy. Therefore, always 
test to determine that the I/O channel is not busy be
fore issuing a read in overlap instruction. 

Late-read documents are always sent to the reject 
pocket by the 1419, regardless of stored-program 
stacker selection. Late-read pocket selection never 
forces a sort-compare condition, however. 

The read instruction is completed when the process
ing unit receives an end-of-data signal. An end-of-data 
signal occurs when the trailing edge of the document 
being read passes PDS 4, when the processing unit 
encounters a word-mark with a group-mark in the 
read-in storage area, ~r (when operating in the process
overlap mode) when the program issues a .!D instruc
tion, whichever occurs the earliest. 

Read from 1419 in Load Mode 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS LCA L %Sl xxx R 
A LU 

Function. This operation causes a serial transfer of 
characters from the 1419 to the processing unit. The 
data processing system cannOit perform any other 
operation during the execution of this instruction. 

The first character (including the A.B.A. special 
symbols) transferred from the reader to the process
ing unit enters the storage location specified by the 
B-address. Subsequent characters transmitted from 
the same document enter successively lower storage 
locations. 

Word Marks. When the load instruction is used, a 
word mark automatically enters each storage posi
tion containing any A.B.A. special symbQlI, except 
the dash (SS4). The dash is transmitted as a B-bit 
when :it is read from a variable-length field. Also, 
word marks in the storage area specified by the 
B-address are destroyed by the loading. 

Timing. T = N (LI + 1) ms + message length + docu
ment movement~ + 1. 

~Refer to Figure H-81. 

Example. Transfers data from the reader to core
storage area labeled READIN (0785) (Figure H-63). 

Autocoder 

~ Label 
. : 

Assembled Instruction: L %51 785 R 

Figure H-63. Read from 1419 in Load Mode 

Read from 1419 in Load Mode (Overlapped) 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS LCA L @Sl xxx R 
A LV 

Function. This instruction can be used only when the 
1401 or 1460 is equipped with the processing-over
lap feature. Normally, without this feature, the proc
essing unit is not released for operatiOin until an 
end-of-data signal is received from the 1419, thereby 
signifying completion of reading. 

This instructioin is similar to the preceding one in 
that it prepares the processing system to accept in
formation from the document being read, but it also 
permits the system to continue operating without 
waiting for all the data to be read from a document. 

vVhen a 1401 or 1460 overlapped-tape read or 
read-from-1419 instruction is issued, the internal 
circuitry of the 1401 or 1460 prOicessing-overlap fea
ture forces the d-character (R) of the instruction 
into the first position of the specified read-in area. 
The R remains in this positiOin until the tape or 1419 
transmits a character to replace it, or an end-of
transmission signal causes the R to be replaced by 
a group mark. If this first position is used to check 
for a blank field before the first character arrives 
from the tape or 1419, the R (stored d-character) 
gives a false indication of the contents of the read-in 
area. 

To ensure proper syste1.l1 operation under these 
conditions, check some position of the field other 
than the first position to determine whether or not 
the field is blank. 

Word "A-larks. Word marks are cleared in storage ex
cept when a word-mark with a group-mark is sensed, 
which stops the operation. 
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Timing. T = N (Lr + 1) ms + message length + docu
ment movement~ + 1. 
~Refer to Figure H-81. 

Example. Transfers data from the reader to core
storage area labeled RDOVLP (0745) (Figure H-64). 

Autocoder 

~ Label ~roti~ ! ! 'Q 
Uis..t ,~R DOV.L~, R 

OPERAND 

:'. ,,~ . : 

Assembled Instruction: .!:. @Sl 745 R 

Figure H-64. Read from 1419 in Load Mode (Overlapped) 

Read from 1419 in Move Mode 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS MCW M %Sl xxx R 
A MU 

Function. This instructiOon is the same as the READ IN 

LOAD MODE instruction (without processing overlap 
feature) with two exceptiOons: 
1. No word marks are placed in thOose storage posi
tiOons containing special symbols. 
2. This operatiOon does not clear word marks from 
storage. 

Word Marks. Word marks are not affected, except as 
stated under the function description. 

Timing. T = N (Lr + 1) ms + message length + docu
ment movement~ + 1. 
~Refer to Figure H-81. 

Example. Transfers data from the reader to core
storage area labeled RDDATA (0675) (Figure H-65). 

Autocoder 

Assembled Instruction: M %51 675 R 

Figure H-65. Read from 1419 in Move Mode 
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Read from 1419 in Move Mode (Overlapped) 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS MCW M @Sl ox R 
A MU 

Function. This instructiOon can be used only when the 
1401 or 1460 is equipped with the processing-overlap 
feature. It perfOorms the same functiOon as READ FROM 

1419 IN MOVE MODE, except that it releases the proc
essing unit for operation even thOough the data has 
not been completed. 

When a 1401 or 1460 overlapped tape-read or 
read-from-1419 instructiOon is issued, the internal 
circuitry of the 1401 Dr 1460 prOocessing-Ooverlap fea
ture forces the d-character (R) Oof the instnlCtion 
into the first position of the specified read-in area. 
The R remains in this positiOon until the tape or 1419 
transmits a character to replace it, Oor an end-of
transmission signal causes the R to be replaced by a 
group mark. If this first pOosition is used to check for 
a blank field before the first character arrives from 
the tape or 1419, the R (store d-character) gives a 
false indication Oof the contents of the read-in area. 

To ensure proper system operation under these 
conditions, check some position Oof the field other 
than the first positiOon to determine whether or not 
the field is blank. 

Word Marks. Word marks are not aHected. 

Timing. T = N (Lr + 1) ms + message length + docu
ment movement~ + 1. 
°Refer to Figure H-81. 

Example. Transfers data frOom the reader to core-stor
age area labeled RDMMOV (0575) (Figure H-66). 

Autocoder 

~ Label trotl~ 
! ! ~ ~o ~~ 

OPERAND 

:', . ~ , : 

Assembled Instruction: ~ @Sl 575 R 

Figure H-66. Read from 1419 in Move Mode (Overlapped) 



Branch if '1419 Indicator On 

Instruction F orrnat. 

Mnemonic 
SPS B 
A BIN 

Op Code 
B 

I-address 
xxx 

d-character 
x 

Function. This instruction tests for certain conditions 
and branches to' the I-address if the condition tested 
is met. Otherwise, the program continues sequen
tially. 

When the 1401 o:r 1460 is equipped with the 
processing-overlap feature, any test f0'r a valid field 
can be executed immediately after reading 0'f the 
field to be tested has been completed. 

If the processing-0'verlap :feature is n0't being used, 
branch instructi0'ns cann0't be executed until after 
the trailing edge of the d0'cument has passed PDS 4. 

The conditi0'ns tested are determined by the 
d-character as follows: 

d-C haracter 
1 

Branch on 
Document to be read 

2 
3 

Document under read head (PDS 4) 
Valid amount field 

4 
5 
6 
7 
8 

Valid process-control field 
Valid account-number field 
Valid transit-number field 
Valid serial-number field 
Auto-Select 

Word Marl(s. Word marks are not affected. 

Timing. 4 

No Branch: 
T = N (Lr + 1) m,s. 

Branch (without 'indexing): 
T = N (Lr + 1) ms. 

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

~This timing applies to all the d-characters. 

Example. Tests a document sensed by PDS 2, PDS 2X, 
PDS 3, or PDS 4. If indicator is ON, branch to DRD
TST (0827), Figure H-67. 

Autocoder 

~abel f;rat'~ ,~!~!~~~! __ ~I£D ____ ~IQ~~ __ ~IIL-__ ~4~Q ____ ~45~ ___ M 

Nt; R.I):,U."T, 1. : . 

OPERAND 

Assembled Instruction: B 827 1 

Figure H-67. Branch if Indicator On, Document to be Read 

Example. Test for document when PDS 4 senses the 
leading edge 0'f a document. If indicator is ON, 

branch to DOCPDS (0835), Figure H-68. 

Autocoder 

L Label 

L . : 

Figure H-68. 

Assembled Instruction: B 835 2 

Branch if Indicator On, Document under Read 
Head 

Example. Test the complete correct reading of the 
amount-field. If indicator is ON, branch to' V ALAMT 
(0843), Figure H-69. 

Autocoder 
Label 

. : CN,~ \..AM. T ,3. L-'-',--'-L-L-L.-L-............ .L-. -i-L~' ..................... --'--.J.'-

Assembled Instruction: B 843 3 

Figure H-69. Branch if Indicator On, Valid-Amount Field 

Example. Test the c0'mplete correct reading of the 
process-control field. If indicator is ON, branch to 
TSTPCF (0851), Figure H-70. 

Autocoder 

~ Label 

. : II 

Assembled Instruction: B 851 4 

Figure H-70. Branch if IndicatOl~ On, Valid Process-Control 
Field 
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Example. Test the C0'rrect reading 0'f account-number 
field. If indicator is ON, branch to V ALACC (0859), 
Figure H-71. 

Autocoder 

I' label 
OPERAND 

~' .. ,~ ,: 

Assembled Instruction: B 859 5 

Figure H-7l. Branch if Indicator On, Valid Account-Number 
Field 

Example. Test the C0'rrect reading 0'f transit-number 
field. If indicator is ON, branch to VALTRA (0867), 
Figure H -72. 

Autocoder 

~ label 
OPERAND 

:'. I : 
,: 

Assembled Instruction: B 867 6 

Figure H-72. Branch if Indicator On, Valid Transit-Number 
Field 

Example. Test the correct reading 0'f serial-number 
field. If indicat0'r is ON, branch to VALSER (0875), 
Figure H-73. 

Autocoder 

~ label 
OPERAND 

:'. . : 
Assembled Instruction: B 875 7 

Figure H-73. Branch if Indicator On, Valid Serial-Number 
Field 
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Example. Test f0'r the trailing edge of a document to 
pass PDS 4 if the leading edge of the succeeding 
document has passed PDS 3. If indicator is ON, 

branch to SP APDS (0883), Figure H -74. 

Autocoder 

~ label 
OPERAND 

:'. ~ . : 

Assembled Instruction: B 883 8 

Figure H-74. Branch if Indicator On, Auto-Select 

Functions of the Indicators 

Document to Be Read 

This indicator turns ON whenever a document is sensed 
by PDS 1 while the separator is running. It also turns 
ON if a document is sensed by PDS 2, PDS 2X, PDS 3, 
or PDS 4. If the separator is OFF, only a document 
sensed by PDS 2, PDS 2X, PDS 3, or PDS 4 hlrns the 
document-to-be-read indicator ON. 

The indicat0'r turns OFF when PDS 4 senses the trail
ing edge of a document and there are no more docu
ments to be read, as indicated by the test just shown. 

A misfeed can cause the document-to-be-read indi
cator to remain ON if the misfeed occurs between PDS 1 
and PDS 4. In this case, the indicat0'r turns OFF when 
the documents involved are removed from the trans
port. 

The document-to-be-read indicator should be used 
at two points in the program. Testing the indicator after 
an ENGAGE 1419 instruction, but prior to a read instruc
tion, prevents the 1401 0'1' 1460 from hanging-up on a 
read instruction, awaiting an end-of-data signal. There
fore, for the first document after an ENGAGE 1419 in
struction; a document-to-be-read condition must exist 
before the read instruction is issued. 

Unless the stored program is single-feeding docu
ments through the 1419, the following are recom
mended with respect to the number of documents afteT 
a disengage: 
1. Provide a st0'rage hold area for a minimum of four 

documents. If storage area permits, provide for five 
0'r six. 

2. Program to halt if you get more than hold area 
provides for. 



3. If a halt occurs, the operator should clean the PDS's 
(particularly PDS 1), reverse the resh'aint belt, and 
restart. 

The storred program must be written to test for a 
document-to-be-read condition, branching to another 
routine only when the document-to-be-read indicator 
is OFF. Otherwise, not all documents will be read. 

Document Under the Read Head 

The document-under-the-read.-head indicator turns ON 

when PDS 4 senses the leading edge of a document. 
The indicator turns OFF when PDS 4 senses the trail
ing edge of the same document. (Any dirt or foreign 
particles obstructing the light beam used to operate 
PDS 4 can provide a false indication of a document 
under the read head. Therefore, keep the photocells 
clean and clear of scraps of paper at all times.) 

Valid Amount Field 

The valid-amount-field indicator turns ON when the 
amount field has been completely read, and read with
out errors. The indicator turns OFF when the leading 
edge of the next document is sensed at the read head. 
The indicatorr does not turn ON if: 

• any of the characters in the amount field (including the 
amount-field special symbols) are unreadable 

• amount-field symbols are missing or out of sequence 
• the field is missing 
• the field length is invalid 
• a group-mark with a word-mark is encountered in read-in 

storage before the trailing symbol of the amount field is 
transmitted 

• the 1419 control unit detects an improper transmission (clock
control error) 

• the electronic-accumulator and! sequence-checking feature 
starts a print cycle before the amount field has been com
pletely transmitted 

• the field is not selected for transmission to the processing unit 
(amount read-out key not pressed). 

Valid Process-Control Field 

This indicator turns ON when the process-control field 
has been completely read without errors. It turns OFF 

when the leading edge of the next document is sensed 
at the read head. The indicator does not turn ON if: 

• any of the characters in the process-control field (including 
the special symbol) are unreadable 

• the read.er is equipped to process a fixed-length process
control Held, and the field is missing 

• special symbols (except the dash) are out of sequence or 
missing 

• the field length is invalid (fixed field lengths only) 
• a group··mark with a word-mark is encountered in read-in 

storage before the trailing symbol of the amount field is 
transmitted 

• the 1419 control unit detects an improper transmission (clock
control error) 

• the electronic-accumulator and sequence-checking feature 
starts a print cycle before the process-control field has been 
completely transmitted 

• the field is not selected for transmission to the processing unit 
(process-control read-out key not pressed). 

Valid Account-Number Field 

This indicator turns ON when the account-numb err field 
is read correctly. It turns OFF when the leading edge 
of the next document is sensed. at the read head. The 
indicator does not tum ON if: 

• any of the characters in the account-number field (including 
the special symbol) are unreadable 

• special symbols (except the dash) are missing or out of 
sequence 

• the field is missing 
• the field length is invalid (fixed··lengths only) 
• the self-checking account-number device (special feature) 

indicates the account number is in error 
• the 1419 control unit detects an improper transmission (clock

control error) 
• the electronic-accumulator and sequence-checking feature 

starts a print cycle before the account-number field has been 
completely transmitted 

• the field is not selected for transmission to the processing unit 
(acount-number read-out key not: pressed). 

Valid Transit-Number Field 

This indicator turns ON when the transit-number field 
is read. correctly. It turns OFF when the leading edge of 
the next document is sensed at the read head. The 
indicator does not turn ON if: 

• any of the characters in the transit-number field (including 
the special symbols) are unreada.ble 

• special symbols (except the dash) are missing or out of se-
quence 

• the field is missing 
• the field length is invalid 
• the self-checking account-number device (special feature) 

indicates the account number is in error 
• the 1419 control unit detects an improper transmission (clock

control error) 
• the electronic-accumulator and sequence-checking feature 

starts a print cycle before the transit-number field has been 
completely transmitted 

• the field is not selected for transmission to the processing unit 
(transit read-out key not pressed). 

Valid Serial-Number Field 

This indictor turns ON when the serial-number field is 
read correctly. It turns OFF when the leading edge of 
the next document is sensed at the read head. The 
indicator does not turn ON if: 

• any of the characters in the serial-number field (including the 
A.B.A. special symbols) are unreadable 

• special symbols (except the dash) are missing or out of se
quence 

• the field is missing 
• the 1419 control unit detects an improper transmission (clock

control error) 
• the electronic-accumulator and sequence-checking feature 

starts a print cycle before the serial-number field has been 
completely transmitted 

• the field is not selected for transmission to the processing unit 
(serial-number read-out key not pressed). 
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Auto-Select 

The auto-select indicator turns on when a document 
that is automatically selected into the reject pocket 
(late-read and document-spacing errQors) leaves the 
read head. The indicator turns off when the next docu
ment reaches the read head. A 51-column card does 
not turn the indicatQor on unless a spacing errQor or late 
read is involved. 

The following cQonditions apply when the auto-select 
indica tor is Qon: 
1. An end-of-transmission signal is sent to the process

ing unit when the trailing edge of a late-read docu
ment passes PDS 4. 

2. No data is transmitted from the trailing document 
of a spacing-error pair, but an end-of-transmission 
signal is sent to the prQocessing unit when the trail
ing edge of this document passes PDS 4. 

3. All valid-field indicators will be off. 

NOTE: The auto-select indicator should be tested as soon as 
possible after the document leaves the read head (when the 
document-under-the-read-head indicator turns off) to determine 
whether it was auto-selected. 

Miscellaneous Instructions 

Select Stacker 

Instruction Format. 
Mnemonic 

SS 
Op Code 

K 
d-character 

x 

Function. This instructiQon directs the document that 
was just read by the reader into the pocket specified 
by the d-character. The modifieTs A through L cor
respQond respectively tb pockets A, B, and 0-9. If an 
M is used in the d-character pQosition, the reject 
pocket is selected (Figure H -75 ) . 

NOTE: The reader should be operating in the program
sort mode to execute this instruction. If this instruction is 
given when the reader is operating in the 1419 sort mode, 
a sort-compare stop will result if the programmed selection 
does not agree with the 1419 pocket selection. 

The SELECT STACKER instruction must be given after the 
trailing edge of the document has passed PDS 4 but before 
the leading edge of the document reaches PDS 6. 

If a SELECT STACKER instruction is issued either too soon 
or too late, the 1419 stops feeding documents (sort-compare 
stop) and directs all documents that have left the separator 
station into the reject pocket. A sort-compare also results if 
more than one stacker selection is issued for one document, 
and different pockets have been selected. 

Processing time available to determine stacker selection 
depends on the position of the leading edge of the document 
being read when all required reading has been completed. 
When operating in the overlap mode, processing can start as 
soon as the required data is available for stacker selection. 
When operating in a non-overlap mode, select stacker proc
essing cannot begin until an end-of-data signal occurs, termi
nating the read instruction. 
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d - character Reader Pocket 

A A 

B B 
C through L o through 9 

M Reject 

Figure H-75. IBM 1401 Select Stacker d-Characte:r 

An end-of-data signal always occurs when the trailing 
edge of the document passes PDS 4, unless one has occurred 
earlier. This guarantees at least 9.5 ms for select stacker de
cision if the document does not exceed A.B.A. specifications. 
If an end-of-data occurs before the document passes PDS 4 
(group-mark with a word-mark encountered in storage, or a 
K instruction has been issued by the stored program), more 
processing time is available, depending on the position of 
the leading edge of the document when the end-of-data 
occurs. 

Word Marks. WQord marks are not affected. 

Timing. T = N (LI + 1) ms. 

Example. Selects the documents just read into pocket 
1, Figure H -76. 

Autocoder 

~ Label Itrati~; ,: ~Ii, I ~II ~II . 

Assembled Instruction: K D 

Figure H-76. Select Stacker, Pocket 1 

Select Stacker and Branch 

Instruction Format. 

Mnemonic 
SPS SS 
A SSB 

Op Code 
K 

I-address 
xxx 

~II, 
OPERAND 

~II, 

d-character 
x 

,~ 

Function. The function of this instruction is the same 
as the function of the SELECT STACKER instruction ex
cept that the stored program branches to the instruc
tion located at the address specified by the I-address. 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 1) ms. 



Example. Select the document just read into pocket 1 
and branch to SELSTK (OH88) Figure H-77. 

Autocoder 

~abel tratl~ 
I I I~' :10 Sip, = E I.. S:T.K~ O. 

Assembled Instruction: K 988 D 

Figure H-77. Select Stacker and Branch 

Branch if 11/0 Channel.Busy Indicator On 

Instruction Format. 

Mnemonic 
SPS B 
A BIN 

Op Code 
B 

I-address 
xxx 

OPERAND 
40 45 10 

d-character 
J 

Function. The d-character specifies the indicator 
tested. If the indicator is ON, the next instruction is 
taken from the J.·address. If the indicator is OFF~ the 
next sequential instruction is taken. 

Input/Output Channel-Busy Indicator. This indi
cator turns ON when the system is performing an 
overlapped magnetic tape or 1419 operation. The 
indicator automatically turns OFF when the over
lapped operation is completed. 

NOTE: Without the advanced-programming special fea
ture, the B-address register is reset when the next sequential 
instruction is taken. If the system has the advanced-program
ming special feature, the B-address register is reset and the 
contents of the O··address register are transferred to the 
B-address register before the next sequential instruction is 
taken. 

Word Marks. Word marks are not affected. 

Timing. T = N (Lr + 1) ms. 
T = N (LI + 2) ms for I/O busy indicator if it is not 
ON. 

Example. Test channel-busy indicator, and branch to 
I-address beginning at location labeled CHBUSY 
(0981), Figure H-78. 

Autocoder 

I' Label . : 

Assembled Instruction: B 981 J 

Figure H-78. Branch if I/O Channel-Busy Indicator On 

Reset Overlap 

Instruction Format. 

Mnemonic 
SS 

Op Code 
K 

d-character 
Cl 

Function. This instruction is operative only when the 
serial input/output adapter special feature is in
stalled. If the system is performing an overlapped 
1419 instruction when the RESET OVERLAP instruction 
is given, the 1419 is disconnected from the system as 
though an end-of-data had occurred. Therefore, the 
1419 field valid indicators can he tested immediately. 
If the system is performing an overlapped tape 
instruction when the RESET-OVERLAP instruction is 
given, the tape is disconnected from the system and 
the tape transmission error indicator (d-character, 
L) is turned ON. If 1419 overlap operation is in 
effect, the instruction generates an end-of-data sig
nal and releases the read operation. 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 1) ms. 

Example. Reset overlap mode and return the system 
to __ normal operation, Figure H-79. 

Autocoder 

Assembled Instruction: K C] 

Figure H-79. Reset Overlap 
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Reset Overlap and Branch 

Instruction Format. 

Mnemonic 
SPS SS 
A SSB 

Op Code 
K 

I-address 
xxx 

d-character 
o 

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 (LI + 1) ms. 

Example. Reset overlap mode and branch to the 1-
address location labeled REOVLP (0666) (Figure 
H-BO). 

Autocoder 

Assembled Instruction: K 666 D 

Figure H-80. Reset Overlap and Branch 
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If the 1419 has been conditioned to stop feeding documents because 
of a nOi/'mal stop or disengage instruction, the separator stops oper
ating when the next traiHng edge of a document is sensed by PDS 1. 
Documel1ts stop their forward' movement in the transport mechanism 
with th.lir leading edges somewhere in the shaded area. 

NOTE: A document sensed under PDS 1 while the separator is running 
turns OIN the document-to-be-read indicator. When the separator is 
OFF, a document-to-be-read indic:ation is given only if a document 
is under PDS 2, PDS 2X, PDS 3, or PDS 4. 

See Note, PDS 1 

See Note, PDS 1 

SS ms* 

PDS 1 PDS 2 PDS 2X 

See Note, PDS 1 

A leading edge of a document sensed by PDS3 with no document being sensed 
by PDS 2X indicates a short document and turns ON the document-spacing 
indicator. 

A document being sensed at PDS 3 when the trailing edge of a document
is sensed at PDS 4 indicates a document-spacing error, and turns ON the docu
ment-spacing indicator. 

See Note, PDS 1 

The leading edge of a document sensed by PDS 4 resets recognition circuits, 
error indicators, and SQrt register. 

If the leading edge of a document reaches this point' before the stored program 
has issued a read instruction, a late-read condition has occurred. The 1419 
directs the document under the read head to the reject pocket, inhibits reading 
and field indications, and the read instruction applies to the next document 
reaching the read head. 

If an end-of-data has not already occurred, the 1419 sends an end-of-data 
signal to the processing unit when the trailing edge of the document is sensed 
by PDS 4. When the processing unit receives the end of the signal it places 
a group mark in the next lower position of the read in area. 

A stacker-select instruction must never be given before the docwment has passed 
PDS 4. The stored program must interrogate the Document Spacing Error line 
after a document passes this position, and before the next document arrives 
here. 

Whenever a document 
head indicator is on. 

I 
44 ms 

is being sensed at this point, the document-under-read-

6.2"-_*--,,5.6" 

The stored program must provide a 
stacker-select instruction by the time the 
leading edge of a document reaches this 
position. The leading edge of a document 
resets the routing register. The trailing 
ec!se of a document initiates a sort-com
.pare test. 

PDS 3 PDS4 PDS S PDS 6 

Direction lC)f Document Movement -.----------~ POCKETS (Stackers) 

* Processing time available after the initial engage instruction. 

t Processing time available after a,n engage instruction that follows a previous 
disengage instruction. 

Figure H-81. Timing Chart 
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IBM 1448 Transmission Control Unit 

Data processing, without fast accurate communication, 
is limited by the numerous delays between the source 
of data and the processor. A data processing system 
serving as a central control for many remote locations 
requires the best techniques of data communication. 
The ideal method is a combination of communication 
and processing operations in an effective single system. 

IBM Tele-processing systems are serving business 
and industry by combining computer operations and 
data transmission facilities into integrated data proc
essing systems. Here are the speed, convenience, and 
efficiency of centralized data processing for the busi
ness, large or small, that is physically decentralized. 
Here is the control center for the financial institution 
that requires, at a central point, variable or fixed in
formation from many locations. 

Transmission Control 

Each line added to a communication network increases 
the possibility of delay and error. Speed and depend
ability of a communication system depend on the con
trol equipment, which blends the array of transmission 
lines into an efficient network. Transmission control is 
the nucleus of any communication system made up of 
many lines, each with a number of terminals, leading 
to a central point. 

The three basic purposes for transmission control in 
an integrated data processing system are: 
1. to establish a connection between the central proc

essor and the terminals on the communication cir
cuit. 

2. to prevent indeterminate situations on the line, such 
as distorted transmission or garbled or lost signals. 

3. to allow for the requirements of the data processing 
equipment. 

The IBM 1448 Transmission Control Unit (Figure 
1-1-82) is an economical means of entering numeric, al
phabetic, and special-character data directly into an 
IBM data processing system from as many as 40 half
duplex multipoint communication lines (Figure H-83). 
Information can be transmitted on half-duplex lines in 
either direction, but only one direction at a time. This 
IBM Tele-processing system component directs and 
regulates the Row of data and provides compatibility 
among terminals and processing and exchange devices. 

The 1448 with its associated processor handles such 
applications as inquiry and file updating. The 1448 
and processor combination controls transmission of in
formation, and processes this information in-line. 

H-48 

Figure H-82. IBM 1448 Transmission Control Unit 

Card 
Read
Punch 

Figure H-83. 

Data 

Processing 

System 
1448 

As Many as 
40 Half-Duplex 
Communication Lines 

The Processor Controls as Many as 40 Half
Duplex Channels 



The 14,18 and the data processing system provide 
on-line peripheral service to other IBM data processing 
systems (Figure H -84). In this role, the 1448 processor 
combination functions as a stored-pro.gram transmis
sion control system that controls and monitors the lines 
and assembles messages. 

Transmission data is transferred from communica
tion lines to processor core storage. The processor 
stores the message data on disks, and transfers the 
data to another processor on a scheduled o.r demand 
basis. The disks can also be transfelTed manually to 
other systems having IBM 1311 Disk Storage Drives. 
vVith the direct-data-channel feature, data is trans
ferred directly to and from ano.ther IBM data process
ing system having direct-data-channel capabilities. 

This expanded system covers a list of other o.pera
tions, such as: format checking of incoming messages, 
editing and scheduling outgoing messages from the 
data o.f the seco.nd processor, message accounting, and 
message switching. The seco.nd processor takes over a 
share o.f the to.tal required systems functio.n, and uses 
the first processur with its disk-storage capabilities as 
a backup., 

Effectiveness and efficiency of large systems increase 
substantially with the IBM 1401 Data Processing Sys
tem as a peripheral data converter (card-to-tape, tape
to-tape, and tape-to-printer). A 1448/1460 system (for 
transmission, data conversion, and editing) magnifies 
even more the economy and efficien.cy of the system. 

With the 1448, a decentralized system becomes, in 
effect, centralized. The program of the processing unit 
control unit is an instrument o.f that control. 

Operationl 

The exchange of information between the 1448 and 
the processor is initiated by a scan O'peration code asso-

Printer 

Magnetic Tape 

PI'ocesslng 
Unit 

Direct Data 
Channel 

ciated with a priority interrupt. An interrupt is a tem
porary interruption O'f the processo.r's main ro.utine by 
an external signal, in this case, frO'm the 1448. The 
main routine continues in sequence after the interrupt 
routine, including the scan operatio.n if completed. 

The scan O'peration itself causes the automatic trans
fer of characters from the 1448 to the message-assem
bly areas in the processo.r. 

The stored program assigns the message-assembly 
and distribution areas, which are variable in both 
length and location. 

IBM 1448 Instructions 
The instructions described in this section are used with 
the IBM 1460 Data Processing System to provide fO'r 
the exchange O'f informatiO'n between the IBM 1448 and 
the processor. 

Scan 

Instruction Format. 
Op Code 

o 
I-address 

xxx 

Function. The SCAN instruction, in actual machine lan
guage, is made up of an alphabetic 0 as the opera
tiO'n code, and a 3-character address representing the 
high-o.rder position of the scan control field. 

The SCAN ins,tructio.n is restricted to basic single
address format and must be followed by a word 
mark in the next location. An attempt to fo.rce a 
2-address format causes an improper address in the 
B-address register at the beginning of instructiO'n 
executio.n time, and the instruction affects storage 
locations other than the intended control field. 

Word Marks. Word marks are not affected. 

As Many as 40 Half-Duplex 
Communication Lines 

Figure H-84. IBM 1448 and Processor Serving a Central Data Processing System 
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Timing. T = I + 2 +2N + 5M + 6P + 7R) 11.1 
microseconds. 

I = The number of characters in instruction 
( 4). 

N = The number of idle lines or receiving 
lines with empty line buffers, and/or the 
number of transmitting lines with one or 
more characters in the line buffers at the 
beginning of the scan operation, and/or 
the number of polling lines that do not 
need a new polling address. 

M = The number of receiving lines with one 
character in the line buffers at the be
ginning of the scan operation. 

P = The number of receiving lines with two 
characters in the line buffers, and/or the 
number of transmitting lines with empty 
line buffers at the start of the scan opera
tion. 

R = The number of lines in RECEIVE-CONTROL 

status that are transferring 2-character 
polling addresses from the processor to 
the 1448. 

Minimum execution time: 
T = (I + 2 + 2L) 11.1 microseconds. 
L = The number of lines. 

Maximum execution time: 
T = (I + 2 + 7L) 11.1 microseconds. 

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

NSI Storage address of the 
last data cycle. If no 
data cycles are taken, 
it is the address of the 
beginning of the con
trol field. 

B-Add. Reg. 
End of control 

field + 3. 

Example. Scan IBM 1448 lines for input or output 
traffic. The beginning address of the control field 
is labeled CTRLWD (0300), Figure H-85. 

OPERAND 

:'. ! ~ 

Assembled Instruction: .Q 300 

Figure H-85. Scan 

Interrupt Instructions 

Any of these conditions in the 1448 makes the 1448 
request an interrupt of the processor's main program: 
1. Any buffer-full condition on the receiving lines. 
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2. Any buffer-empty condition on the transmitting 
lines. 

3. Any status condition with an EOB (end-of-block) 
bit. 

4. The 1448 requests the next polling address. 
The interrupt routine contains the necessary pre

paratory operations and the scan operation. The actual 
interruption of the main program takes place when an 
instruction is being read, but before the execution of 
that instruction. Only unchained operations can be 
interrupted. Figure H-86 is a list of interruptible oper
ations. 

The interrupt causes a program skip to address 182 
in the processor, where the first instruction of the 
interrupt routine is located. 

An interlock prevents interrupting while the system 
is in the interrupt routine. The ENABLE INTERRUPT AND 

BRANCH instruction resets the interlock at the end of 
the interrupt subroutine. The interrupt routine must 
include: 
1. Store B-address register contents. The address in 

the B-address register must be decreased by four to 
establish the position of the interrupted main
program instruction. This new address is placed in 
the ENABLE INTERRUPT AND BRANCH instruction. 

2. Saving program conditions (arithmetic overflow, 
high-low-equal compare and index locations), if 
they might be lost during the interrupt subroutine. 
After the interrupt subroutine, the program must 
restore these conditions. 

Enable Interrupt 

Instruction Format. 

Op Code 
K 

d-character 
> 

F unction. The ENABLE INTERRUPT instruction is made 
up of ! for the operation code and a bit configura
tion of 8-4-2 for the d-character. The interrupt sub
routine is reset, and the program continues with the 
next sequential instruction. 

Word Marks. Word marks are not affected. 

Timing. The interrupt precedes a possible 1448 buffer 
overflow by at least the number of milliseconds in 
time A of Figure H-87. It follows a scan operation no 
sooner than time B of Figure H-87. The minimum 
time between a scan operation and a possible 1448 
buffer overflow is time C of Figure H -87. 



Interrup'table O~ 
~cril2tion Q~ i&.ogili 

Zero and Add ? 7 
Zero and Subtract I 7 
Add A 7 
Subtract S 7 
Multiply @ 7 
Divide % 7 
Edit E 7 
Move Zero Suppress Z 7 
Compare C 7 
Clear / 7 
Set Word Mark 7 
Clear Word Mark D 7 
Test Zone or Word Mark V 8, 5 
Move Digit D 7 
Move Zone Y 7 
Branch B 5 
Move Exc;luding I/O M 7 
Load Excluding I/O L 7 
No Op N 5 
Store A-Register 
Store B-Register 
Forms Control F 5 
Scan Operation 

Figure H-80. Interruptible Operation 

Character Rate' Characters Per Second 
of TermInal 14.8· 60 

Time A 67.5 m:J 41 ms 

Time B 59 mli 59 ms 

Time C 132.5 mil 100.2 ms 

Time D 128.5 mil 96.2 ms 

Figure H-87. Interrupt Timing 

The maximum time for noninterruptihle opera
tions in the main program immediately following a 
scan operation is 132.5 ms (14.8 cps) minus the 
time taken by the interrupt routine. Assuming that 
the time from interrupt to the execution of the scan 
operation is 4.0 ms, the maximum length of a non
interruptible operation in the main program is about 
128.5 ms (time D for 14.8 cps). 

vVith a mixed system (more than one type of 
terminal) the shorter time applies. 

Address Uegisters After Operation. 

I-Add. Reg. 
NSI 

A-Add. neg. 
dbb 

B-Add. Reg. 
dbb 

Example. Reset the interrupt latch after an input-out
put request from a 1448 line (Figure H-88). 

Non-Interrup'table Op-! 
Qp~ Leng!.b. 

? 4 1 
I 4 1 
A 4 1 
S 4 1 

@ 4 1 
% 4 1 
E .4 1 
Z 4 1 
C 4 1 
/ 4 1 

4 1 
D 4 1 
V 4 1 
D 4 1 
Y 4 1 
B 4 
M 4 1 
L 4 1 
N 4 1 
Q 4 1 
H 4 1 
F 2 
0 4 1 

I Label 

REt; ET. 
15 I o !III 4a 411 00 ~peratl~ I OPERAND 

SS~RESET, j.NTEUJJPT LATCH U.LLL_ 

Assembled Instruction: ! > 

Figure H-88. Enable Interrupt 

Disable Interrupt 

Instruction Format. 

Op Code 
K 

d-character 
< 

Function. The DISABLE INTERRUPT instruction consists 
of K for the operation code and a bit configuration 
of B-A-8-4-2 for the d-character. This instruction, by 
setting the interrupt interlock, prevents the proc
essor from honoring any interrupt requests. The 
interrupt interlock is reset by the ENABLE INTERRUPT 

instruction. 

Word Marks. Word marks are not affected. 
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Address Registers After Operation. 

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

B-Add. Reg. 
dbb 

Example. Prevent a 1448 interrupt while perfonning 
a disk operation (Figure H -89) . 

~ Label 

ASK! : 
15~peS rotiil {2~SK 10 II OPERAND 

~_ :1; ~,~ OFF I AA8 INI'ER&OP:I!! ~ 

Assembled Instruction:!. < 

Figure H-89. Disable Interrupt 

Enable Interrupt and Branch 

Instruction Format. 

Op Code 
K 

I-address 
xxx 

d-character 
> 

Function. The ENABLE INTERRUPT AND BRANCH instruc
tion, which is used to re-enter the main program, is 
made up of K as the operation code, a 3-character 
I-address representing the contents of the B-address 
register minus four at the time of interrupt, and the 
d-character with bit configuration 8-4-2. The inter
rupt routine interlock resets, and the program 
branches to the instruction address. 

Word Marks. Word marks are not affected. 

Address Registers After Operation. 

I-Add. Reg. A-Add. Reg. 
Branch BI BI 
No Branch NSI BI 

B-Add. Reg. 
NSI 
dbb 

Example. Reset internlpt latch and return to non
multiplexing routine by branching to NEXT (0800), 
(Figure H -90) . 

Label OPERAND 

~o ~!! :~ ! ~ 

Assembled Instruction: ! 800 > 

Figure H-90. Enable Interrupt and Branch 
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Disable Interrupt and Branch 

Instruction Format. 

Op Code 
K 

I-address 
xxx 

d-character 
< 

Function. The DISABLE INTERRUPT AND BRANCH in
struction is made up of K as the operation code, a 
3-character I -address representing the next instruc
tion, and a bit configuration of B-A-8-4-2 as the 
d-character. This instruction is the same as DISABLE 

INTERRUPT except that the next address is specified 
by the branch address. 

\Vol'd Mal'ks. Word marks are not affected. 

Address Registers After Operation. 

Branch 
No Branch 

I-Add. Reg. 
BI 

NSI 

A-Add. Reg. 
BI 
BI 

B-Add. Reg. 
NSI 
dbb 

Example. Prevent 1448 interrupt and branch to disk
file routine labeled MORE (0900), Figure H-91. 

Label 

Assembled Instruction: K 900 < 

Figure H-91. Disable Interrupt and Branch 

Branch if End of Block 

Instruction Format. 

Op Code 
B 

I-address 
xxx 

OPERAND 
40 

:~ ! ~o 

d-character 
> 

Function. The BRANCH ON END OF BLOCK instruction is 
made up of B as the operation code, an I-address, 
and the d-ch-;racter > with bit configuration 8-4-2. 

When a processor status character contains an 
end-of-block bit, the end-of-block indicator turns ON. 

If it is ON, when the BRANCH ON END OF BLOCK in
struction is executed, the next ins'truction is taken 
from that branch address. If the indicator is OFF, the 
program continues to the next seqnential instruction. 

The indicator is reset at the start of each scan 
operation. 

Word Marks. Word marks are not affected. 



Address Registers After Operation. 

Branch 
No Branch 

I-Add. Reg. 
BI 

NSI 

A-Add. Reg. 
BI 
BI 

B-Add. Reg. 
NSI 
dbb 

Example. If end-of-block indicator is on, branch to 
routine beginning at EOBRTN (1313), Figure H-92. 

~abel _ iperotl9 
. !! ft! II ~o 

E.D T.I N.Eo.SRT.N., >. . 

Assembled Instruction: ! 113 > 

Figure H-92. Branch on End of Block 

Branch if I:arly Warning 

Instruction Format. 

Op Code 
B 

I-address 
xxx 

d-character 
< 

Function. The BRANCH ON EARLY WARNING instru.ction 
is made up of!! as the operation code, an I-address, 
and the d-character < with a bit configuration of 
B-A-8-4-2. 

When the early-warning indicator is ON, this in
struction turns it off and causes a branch to the 
I-address (address of the chaining subroutine). 
There the program may first locate lines that require 
more assembly area, then provide new assembly 
blocks and add a link address to the previous blocks. 
When this type of storage allocation is used, the 
program issues this branch instruction after every 
scan operation. 

The low-order positions of the storage block 
should contain at least the number of consecutive 
group marks that equals the maximum number of 
characters that can be transferred during a single 
scan operation for that line. The last group mark of 
the series can be followed by three positions for the 
link address provided by the chaining subroutine. 

All group marks turn on the early-warning indi
cator. The first group mark provides the initial warn
ing. Subsequent group marks are alsn used in one 
or more of these ways: 

1. Locating the assembly block requiring chaining 
(by testing for absence of group marks). 

2. Timing the buffers to allow for the actual delay 
in locating and chaining to the block in an early
warning condition. 

3. Determining the penetration of data into the 
early-warning area (group-mark area). 

Word Marks. Word marks are not affected. 

Address Registers After Operation. 

I-Add. Reg. A-Add. Reg. 
Branch BI BI 
No Branch NSI BI 

B-Add. Reg. 
NSI 
dbb 

Example. If the early-warning indicator is on, branch 
to area that cnntains the chaining subroutine for 
storage allotment for additional input message areas. 
The early-warning area is labeled SHIFT (0700), 
Figure H -93. 

I Label 

~WrE.$T: 

Assembled Instruction:.! 700 < 

Figure H-93. Branch on Early Warning 

OPERAND 

:~ . ~ 

Direct-Data-Channel Interrupt 
Direct-data-channel interrupt is standard with the 
transmission control unit (1448) attachment. It is not 
available on the direct-data channel without the at
tachment. 

With the direct-data-channel interrupt, an interrupt 
request in computer A (1440 with 1448) is made when 
computer B (host computer) indicates that it is re
questing to read from computer A, or indicates that it 
is requesting to move data to computetr B. 

The main program is interrupted when an instru.c
tion is being read, but before the actual execution of 
that instruction. Only unchained ins:tru.ctions can be 
interrupted. 

An interrupt request by the direct-data channel 
causes the 1440 to start checking the instruction read
outs for an interruptible point. This is accomplished 
by interrogating the fifth instru.ction (actually 14) 
readout cycle for no B-register word mark. 

The actual interrupt causes a program skip to ad
dress 182 where the first instruction of the interrupt 
routine should start. 

The direct-data-channel interrupt request is reset 
when it achmlly causes the interrupt. If the 1448 inter
rupt request causes an interrupt first, the direct-data
channel interrupt is not reset, and a subsequent inter
rupt occurs. 

H-53 



Line Control 

Time on the communication line is divided into two 
modes, line-control mode and text mode. The coded 
characters have a different meaning in each. 

Line-Control Mode 

In the line-control mode, the characters are interpreted 
as line-control signals, polling Signals, and addressing 
signals. In this mode, signals control the transmission 
line, and are not read by the data processing compo
nents. Figure H-94 is a list of line-control characters. 

When a terminal receives an EOT (end-of-trans-

action) signal from the 1448 the tenninal goes to, or 
remains in, the line-control mode. If the tenninal is in 
selected status, it goes to a nons elected status. 

Text Mode 

In the text mode, the characters are interpreted the 
same as those that make up messages in the inter
change between the 1448 and the terminal compo
nents. They consist of graphic characters, interstation
control characters (such as upper-case and line feed) 
and checking characters. 

For additional information refer to SRL publication, 
IBM 1448 Transmission Control Unit, Form A24-3010. 

Bit Processor 
Description Symbol Configuration Character 

End of Transaction (EOl) © C-8-4-2-1 -r (taee mark) 

End of Address (EOA) @ 8-2-1 # (pound sign) 

Negative Response (Control) ~ B - (hyphen) 

Positive Response (Control) ® B-A-8-2-1 (period) 

Negative Response (Text) ® B - (hyphen) 

Positive Response (Text) (0 B-A-8-2-1 (period) 

Positive Response (Inquiry) @ 8-2-1 # (pound sign) 

End of Block (EOB) ® A-8-2 =1= (record mark) 

Figure H-94. Line-Control Character 
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IBM 1026 Transmission Control Unit 

The IBM 1026 Transmission Control Unit (Figure H-95) 
is an economical means of entering numeric, alpha
betic, and special-character data directly into the IBM 

1401 or 1460 Data Processing System from a half
duplex multipoint communication line (Figure H-96). 
As many as four 1026 units can be attached to a data 
processing system. Information can be transmitted on 
a half-duplex line in either direction, but in only one 
direction at a time. This IBM Tele-processing system 
component directs and regulates the flow of data and 
provides compatibility among terminals and process
ing and exchange devices. 

The IBM 1026 Transmission Control Unit operates 
with most of the controls that the IBM 1448 uses, ex
cept it can handle only one line. The four instructions 
used are four of the instructions that are used with 
the IBM 1448 Transmission Control Unit: 

ENABLE INTERRUPT 

ENABLE INTERRUPT AND BRANCH 

DISABLE INTERRUPT 

DISABLE INTERRUPT AND BRANCH 

For additional information refer to the SRL publi
cation, IBM 1026 Transmission Control Unit, Form 
A24-3244. 

Card 
Read
Punch 

I 
--{ 

~r~t~esSing 
System 

,----r-------J 

Figure H-H6. mM 1026 Transmission Control Unit 

Figure H-95. mM 1026 Transmission Control Unit 

Single Communications 
Line for Each 1026 
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IBM 1231 Optical Mark Page Reader 

The IBM 1231 Optical Mark Page Reader ( Figure 
H-97) provides a means of reading marked data from 
8i" x 11" data sheets directly into the 1401 or 1460 
systems. The documents can be read at varying rates 
of speed, depending on the mode switch setting. When 
set to CONTINUOUS, feeding is at a constant speed of 
2,000 documents per hOour. When set to DEMAND, feed
ing is cOontroHed by the computer program with speeds 
varying up to 1,600 documents per hour. The feeding 
mode selected depends on the computer program-con
trol method used. 

IBM 1231 Instructions 
The instructions described are for the control of the 
1231 through the stored program in the system. 

Branch if Auto Select 

Instruction Format. 

Mnemonic 
SPS B 
A BIN 

Op Code 
B 
] 

I-address 
xxx 

d-character 
1 

Figure H-97. IBM 1231 Optical Mark Page Reader 
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Function. This Ooperation indicates that the document 
does nOot meet all the 1231 read conditions and that 
the 1231 has directed the document into the select 
stacker. When a document feeds ,through the read 
area, Oone of two conditions is sensed, either auto 
select or a full buffer. If an auto seelct is sensed, it 
means the document did not satisfy the 1231 field
checking switch settings. The 1231 can select a 
document itself if the internal editing conditions are 
not satisfied. If an auto select occurs, the machine 
clears the buffer and causes the next document to 
feed. 

Branch if Full Buffer 

Instruction Format. 

Mnemonic 
SPS B 
A BIN 

Op Code 
B 
13 

I-address 
xxx 

d-character 
2 

Function. This operation indicates that the document 
has passed all the IBM 1231 internal program condi
tions and has been completely read. The buffer is full. 

This indicator should always be program tested 
first when entering the 1231 read subroutine from 
the main computer program. 

Branch if 1231 Ready to Read 

Instruction Format. 

Mnemonic 
SPS B 
A BIN 

Op Code 
B 
B 

I-address 
xxx 

d-character 
3 

Function. The branch condition indicates that all nor
mal operating conditions have been satisfied and the 
start key has been pressed. This branch remains on 
until the buffer is empty or some interruption in the 
1231 occurs, such as a manual stop, full stacker, 
empty hopper, jam, or misfeed. 

Branch if Empty Hopper 

Instruction Format. 

Mnemonic 
SPS B 
A BIN 

Op Code 
B 
B 

I-address 
xxx 

d-character 
4 

Function. This branch condition distinguishes an 
empty hopper from other IBM 1231 conditions. It 



is normally used in conjunction with the end-of-job 
routine, It is off, except when the hopper is out of 
documents. The 1231 ready-to-read condition will 
be off when the empty-hopper condition is on. 

Branch if Read Errolr and Overlrun Detection 

Instruction Format. 

Mnemonic 
SPS B 
A BIN 

Op Code 
B 

~ 

I-address 
xxx 

d-character 
5 

Function. This indicates the data read from the 1231 
has not been completely transferred to the com
puter. This condition is caused by a parity error de
tected by the 1231 or by a delay in the proces'Sor 
start-timing relationship. With this condition, the 
1231 stops and operator intervention is required. The 
indicatoT is turned off by pressing the RESET or LOAD 

keys on the 1231. 
The document in enor is the top document in the 

normal stacker. 

Word Marks. Word marks are not affected. 

Branch if Timing Mark Check 

Instruction Format. 

Mnemonic 
SPS B 
A BIN 

Op Code 
B 
13 

I-address 
xxx 

d-character 
6 

Function. This branch instruction indicates that the 
timing-mark track was found in eTror, either by the 
presence of extra timing marks or missing timing 
marks. If the control timing-mark switch is set to 
YES, a timing-mark check indication is sent to the 
computer 75 ms after a buffeT-full indicator co'mes 
on. If the control timing-mark switch is set to NO, 

the timing-mark check is sent to the computer imme
diately following a buffer-full indicator signal. This 
timing-mark indicator is turned OFF when the reset 
key is pressed to resume normal operations. 

Word "Pvlarks. Word marks are nort: affected. 

Timing. The following timing formulas apply to all 
1231 branch ins·tructions. 

T = N (LI + 1) ms (without indexing) . 
T = N (LI + 2) ms (with indexing) . 

Move 

Instruction Format. 
Mnemonic Op Code A-address B-address d-character 

MU M %S3 xxx R 

Function. This instruction causes data to be read 
from the 1231 storage intO' core-storage pOSitions 
designated by the B-address in the instruction. 

Word Marks. A word-mark with a group-mark must 
be one position to the right of the last position re
served in core storage for the data. 

Timing. T = N (Lr + access time = 1 delay-line cycle) 
ms. 

1 delay-line cycle = 3.582 ms. 
Access tune = 0 to 3.582 ms or average time 

of 1.791 ms. 

Select Stacker 

Instruction Format. 

Mnemonic 
SS 

Op Code 
K 

d-character 
A 

Function. This instruction causes a stacker select 
when the document has been read correctly but 
fails the internal computer program test. A SELECT 

STACKER instruction must be given within 50 ms 
after a buffer-full signal is initiated. 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 1) ms. 

IBM J 23 J Proglram Control 

Continuous Feed M4Jde 

In the continuous-feed mode, the computer program 
must be designed to repetitively test BUFFER FULL and 
READY TO READ at a frequency not to exceed 1,800 ms 
when the 1231 is placed in operation, on-line. The 
explanation of the parts of the block diagram (Figure 
H -98) follow: 

1. Start. Do<~ument feeding will be initiated by 
pressing the 1~~31 start key if the processing unit 
is in program-nIn status. If the 1231 start key is 
pressed when the computer program is in a halt 
condition, document feeding is inhibited. After the 
first document is fed, feeding is continuous until an 
interruption oceurs in either the 1231 or the process
ing unit. 
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75 ms must elapse 
between Buffer Full 
and Timing Mark 
Check If Control 
Timing Mark switch 
Is set to yes. 

Stacker Select 

Figure H-98. mM 1231 Continuous Feed Routine 

2. Buffer Full. This branch is turned on imme-
diately following the reading of a complete data 
sheet. BUFFER FULL is tested repetitively as a part 
of a loop. The signal of a BUFFER FULL is used as 
the program refeTence point for each succeeding 
document cycle. 

3. Read. This instruction is used to transfer data 
from 1231 storage to the processing unit. The READ 

instruction must be executed within 150 ms follow
ing BUFFER FULL. If the 1231 storage is s'till full when 
the next sheet is detected at the read head, the 
process-check light is turned on and the 1231 stops. 
The maximum time required to transfer the contents 
of the 1231 output storage to the processing unit 
is 7.2 ms. 
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1800 rna Process/ 
timing Loop 

4. Read Error. This branch comes on to indicate 
that a 1231 read-out error occurred during the trans
fer of data to the processing unit. When a read-out 
error occurs, READY-TO-READ will be turned off and 
the process-check light turned on. The top data 
sheet in the normal stacker must be reprocessed 
because the contents of buffer storage is destroyed 
during read-out. At this point, operator intervention 
is required. The computer can, however, branch to 
other subroutines until the 1231 is again ,placed in 
ready-to-read status. 

5. Select Condition in Document. This program-
med check of data can be used to test any desired 
condition for which the document should be se
lected. The decision to select the document must 
be given within 50 ms after a buffer-full indication. 



75 ms must elapse 
between Buffer Full 
and TMC if Control 
Timing Mark switch 
is set to )'es. 

Main Program 
Routine 

Document Proc ... lng I 

Figure H-H9. IBM 1231 On-Demand Feed Routine 
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6. Timing-lJ,Jark Check. This branch comes ON to 
indicate that the timing-mark count did not agree 
with the setting of the timing-mark-check switch. 
At least 75 ms must elapse between the signal of a 
BUFFER FULL and the TIMING MARK CHECK if the 
CONTROL TIMING MARKS switch is set to YES. A mini
mum of 75 ms can be utilized by the program in a 
process/timing loop. Any processing of data from 
the document just read before the timing-mark check 
is made may require the backing out of data from 
various storage locations if the timing-mark check 
comes up. The signal of TIMING MARK CHECK indi
cates that the information read from the document 
is invalid. 

7. Auto Select. When this branch comes on, it is 
an indication that the document just read was sent 
to the select stacker. When this condition arises, it 
will be at least 1,800 ms before the next READ in
struction needs to be given. This branch, therefore, 
can be used as an exit to other processing routines. 

8. Ready-to-Read. This branch being on indicates 
that the 1231 is in an operating status, that all nor
mal operating conditions are satisfied, and that the 
start key has been pressed. READY-TO-READ NO indi
cates that an interruption has occurred in the 1231 
and provides an exit from the subroutine. 

9. Empty Hopper. This branch indicates that no 
more documents remain in the feed. The operator 
should turn on the END-OF-JOB sense switch when 
the last batch of documents is placed in the hop
per. 

10. Select Stacker. Certain data sheets may be 
selected at the programmer's option. The SELECT 

STACKER instruction must be executed within 50 ms 
after the signal of a BUFFER FULL. 

On-Demand Feed 

No special timing considerations are necessary when 
entering the subroutine in the on-demand mode. (Fig
ure H-99). When the 1231 start key is pressed, the first 
document is fed past the read station and the data is 
stored in the 1231. The next document will not feed 
until the contents of the output storage is transferred 
to the computer. 

Buffer Full. BUFFER FULL ON indicates that a docu
ment has heen read and stored in the 1231. A suc
cessful test of this branch is normally followed by a 
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read instruction. BUFFER FULL should precede a test 
for READY TO READ in the on-demand mode, because 
it is possible that READY TO READ will be turned off 
after a document has been read owing to a full 
stacker. This sequence of branch tests ensures that 
the last document stored in the 1231 just prior to a 
stop will be transferred to the computer. 

Ready to Read. This branch comes on to indicate that 
the 1231 is in an operating status; all normal operat
ing conditions are satisfied and the start key has 
been pressed. READY TO READ NO indicates that an 
interruption has occurred in the 1231 and provides 
an exit from the subroutine when the 1231 stops. 

Read. This instruction causes a transfer of data from 

the 1231 storage to the computer read-in area. A 
read instruction may be executed at any time fol
lowing a BUFFER FULL. Execution of the READ in
struction in the on-demand mode also initiates the 
next document feed cycle unless there is a stop 
condition in the 1231. 

Read Error. This branch comes on to indicate that a 
1231 read-out error occurred during the transfer of 
data from the 1231 to the computer. Because an in
complete record has been sent to the computer, the 
subroutine should include a provision to clear the 
computer read-in area. The top document in the 
normal stacker must be reprocessed. Operator inter
vention is required for this condition, however; the 
computer can branch to other subroutines until the 
1231 is again placed in a ready-to-read status. 

Empty Hopper. This branch provides a conventient 
means for detecting an empty hopper. 

Timing-f..Jark Check. This branch comes ON to indi
cate that the timing-mark track on the data sheet 
just read was found to be contaminated, either by 
extra or missing timing marks. At least 75 ms must 
elapse between the signal of a BUFFER FULL and the 
TIMING MARK CHECK, when the CONTROL TIMING 

MARKS switch is set to YES. If the documents being 
run do not contain control timing marks (as used 
by the IBM 1230 Optical Mark Scoring Reader) the 
CONTROL TIMING MARKS switch can be set to NO and 
the timing-mark check can be made immediately 
after the signal of a BUFFER FULL. This branch is 
turned off when RESET is pressed to resume normal 
operation. 



IBM 1:285 Optical Reader 

The IBM 1285 Optical Reader Modell (Figure H-100) 
serves as an input device for IBM 1401 and 1460 Data 
Processing Systems. The 1285 reads printed paper 
tapes such as those produced on cash registers and 
adding machines. Using advanced optical-recognition 
techniques to read directly from the source document 
of many business transactions, the 1285 eliminates the 
time, expense, and errors inherent in a system that 
requires information to be manually punched into 
cards before being entered into the system. 

ISM 1285 Instructions 

The IBM 1285 Optical Reader, Modell, can be oper
ated in overlap or nonoverlap mode. The following 
descriptions of the instructions for the 1285 deal only 
with the nonoverlap mode. Additional considerations 
that arise in the overlap mode are discussed separately 
in Overlap Operations. 

Figure H-lOO. IDM 1285 Optical Reader 

Read in Move Mode 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
MU M %V1 xxx R 

Function. This instruction reads either one charac
ter or one line into core storage from the 1285. When 
header information is ent~'Ted from the keyboard, 
characters are transmitted in single-character mode, 
one character for each read instruction. The charac
ter is entered in the core-storage location specified 
by the B-address and the operation is terminated. 
Assuming the operator keys in infm"mation from left 
to right, the B.-address of this instruction should be 
modified by +1 for each subsequent read operation. 

When data is read from the journal tape, charac
ters are transmitted in line mode, one line of infor
mation for eaeh read instruction. The line is read 
from right to left, with the first character being read 
into the core-storage location specified by the B-ad-



dress. The contents of the B-address register are 
automatically modified by -1 before transferring 
each subsequent character. 

A read operation is nonnally terminated when the 
reader senses the left margin of the tape. When this 
occurs, a group mark is automatically inserted in the 
core-storage position to the left of the last character 
read, and the end-of-line indicator is turned on. If a 
group mark with word mark is detected before read
ing the last character on the line, the read operation 
is terminated and the end-of-line indicator is not 
turned on. 

Go to Next Line 

Instruction Format. 

Mnemonic 
SPS SS 
A SSB 

Op Code 
K 

I-address 
xxx 

d-character 
G 

Function. This instruction causes the reader to ad
vance to the next line. The nonnal procedure is to 
test for end-of-line after a read instruction and, if 
on (indicating a valid read), to issue this instruc
tion to cause the reader to begin scanning for the 
next line. If not given after a read operation is ter
minated, the next read instruction will reread the 
line. 

The next instruction executed is that specified by 
the I -address, if supplied, or the next instruction in 
sequence, if no I-address is specified. 

Mark a Line 

Instruction Format. 

Mnemonic 
SPS SS 
A SSB 

Op Code 
K 

I-address 
xxx 

d-character 
M 

Function. This instruction causes the line that the 
reader is on to be marked by the reject line marker. 
The line is transported to the top of the scan window 
and marked after the next go-to-next-line instruction. 
The mark-a-line instruction can be given at any time 
after the ready-to-read-a-line indicator is turned on 
and before the go-to-next-line instruction. 
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Branch if Indicator On 

Instruction Format. 

Mnemonic 
B 

Op Code 
B 

I-address 
xxx 

d-character 
d 

Function. This instruction tests for the IBM 1285 oper
ational conditions specified by the d-character. If the 
indicator is on, the next instruction is taken from the 
I-address. If off, the program goes to the next se
quential instruction. 

d-character I ndicator and Condition 

1 

2 

3 

4 

5 

6 

BHANCH IF ERROR 

If a process-check condition occurs in the process
ing unit or if a skew check occurs in the reader, 
this indicator is turned on, and remains on until 
tested. 

BRANCH IF END OF LINE 

This indicator is turned on when the last character 
of a line is transferred to the processing unit. If this 
indicator is not on when a read operation is com
pleted, the program should assume that an error 
condition exists. (See possible exception under 
Overlap Operation.) This indicator is turned off 
by the go-to-the-next-line instruction. 

BRANCH IF READER THANSPORTING 

This indicator is turned on when the transport me
chanism is started to bring a new segment of tape 
over the scan window. It is turned off when the 
transport mechanism is stopped. Note that a mini
mum of 1 millisecond elapses between execution of 
the GO-TO-NEXT-LINE instruction and the beginning 
of the transport operation. Also, this indicator is 
turned off as soon as the transport stops, leaving 
about 6 milliseconds until the ready-to-read-a-line 
indicator is turned on. 

BRANCH IF MAHKED LINE 

This indicator is turned on if the last line read was 
or will be marked by the reject line marker. If the 
MARK-A-LINE instruction was given, or if the line 
contains a reject symbol (@), it will be automatically 
transported to the reject line marker after the next 
GO-TO-NEXT-LINE instruction is given. 

BRANCH IF HEADER INFORMATION 

This indicator is turned on (before reading the first 
line from the tape) if a character of header infor
mation was entered from the keyboard. It is reset 
for each character read by the program. As long as 
this indicator is on, the reader will not :respond to 
the start key to begin processing the journal tape. 
When no more header information is to be entered, 
the start key is pressed, and the ready-to-read-a
line indicator is turned on. 

BRANCH IF READY TO READ A LINE 

This indicator is turned on when the reader has 
found a line and is ready to read it. The indicator 
is turned off by the next read instruction. 

NOTE: When a line is found, the scanner enters 
the normalizing mode and continues from charac
ter to character in the line until a read instruction 
is given. At that time, the flying spot sweeps back 
to the low-order character. 



7 

8 

To keep read time to a minimum, a read instruc
tion should be given within 1.5 ms after this indi
cator is turned on. Otherwise, up to 3 ms may be 
lost in returning to the low-order position. 

BRANCH IF' READER READY 

This indicator is turned on when a tape is loaded 
and the first line is found by the scanner. The in
dicator remains on until the operator runs the end 
of the tape through the transport by pressing the 
end-of-file key, or until an error occurs that re
quires operator intervention. 

BRANCH IF END OF FILE 

This indicator is turned on when the trailing end 
of the roll is run through the transport by pressing 
the end-of-file key. The indicator is reset when an
other roll is loaded. 

Overlap Operations 
The 1285 can be operated in overlap mode if the at
tached processing unit has the process-overlap fea
ture. In this mode, processing is interrupted only long 
enough to transfer a single character into core storage, 
and then is released until the next character in the line 
has been recagnized by the reader and is ready to be 
transmitted. The programming aspects of overlapped 
operations in this section are given as exceptions to 
the previous discussion af the instruction set. 

Read in Overlap Mode 

To read in averlap mode, code the A-address field with 
@VI (instead of the % VI used for a nonoverlapped 
read). Processing is interrupted to transfer each char
acter, and then released until the next character is 
ready to be transferred. 

Go to Next Line 

This instruction can be used to terminate an aver
lapped read operation. In this case, the error indicator 
is turned on and the reader advances to' the next line. 

Branch if Error 

This indicator is turned on if an overlapped read oper
ation is terminated by a GO-TO-NEXT-LINE instructian. 

NOTE: 'This type of operation may be deliberate and not 
actually an error condition. For example, a program might be 
processing only those lines with a particular code in the low
order position. Processing is released after the first character is 
read, allowing the program to test to see if the read is to be 
continued. If not, the program can go to the next line, ignoring 
the error indicator. 

Timing Considerations 
The rated speed of the IBM 1285 Optical Reader is 
2,190 lines per minute. This assumes a 10-character 

line, vertically spaced at 4 lines per inch. To derive 
speeds for individual application requirements, use the 
following formula: 

Throughput 

(lines per minute) ~ 1,000 (13N +~+ 14) 
Where: 

N = characters per line 
L = lines per inch 

IBM 1445 Printer for the 1401 System 
The IBM 1445 Printer (Figure H-101) provides a 
means of inscribing in magnetic ink A.B.A. (E-13B) 
type font as well as canventional characters for an
other medium of printed output from the 1401 system 
(equipped with a serial input/output adapter). 

IBM 1445 Printer Instructions for 1401 

Write Line 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
MU M %Y2 xxx W 

Figure H-101. IBM 1445 Printer 
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Function. This instruction is used to transfer data from 
core storage to the 1445 printer, where it will be 
printed. 

The B-address (xxx) contains the first character 
to be printed. Because the printer cannot recognize 
or fill a short line, the print field must contain 170 
parity valid characters. The first 113 characters are 
all that are printed. The remaining buffer positions 
are filled with valid characters or blanks. 

An end-of-transmission signal, which is an internal 
signal that is developed when the print field is filled 
with 170 parity valid characters, stops the data trans
fer and initiates an I/O disconnect to the processor. 
This permits the processor to continue while the 
printer writes the line of data from the print buffer. 

Word Marks. Word marks are not affected. 

Timing. T = .0115 (LJ + 1) + 2.5 ms. 

Control Carriage 

Instruction Format. 

Mnemonic 
SS 

Op Code 
K 

d-character 
A 

Function. This instruction is used for carriage control 
through the program to move the form for the de
sired spacing. 

This conditions the printer to' enter the next char
acter on the data lines into the carriage register. 
The B-address of the next print instruction must 
contain the specific modifier character for the forms 
operation desired. 

This instruction ends after the single character is 
read (I-cycle) and continues on the next instruction. 

Word ~1arks. Word marks are not affected. 

Timing. T = .0115 (LJ + 1) ms + remaining form
movement time, if the carriage is already in motion 
when this instruction is given. The total movement 
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time depends on the specific carriage operation be
ing performed. 

Space Suppress 

Instruction Format. 

Mnemonic 
SS 

Op Code 
K 

d-character 
B 

Function. This instruction suppresses the single space 
after a print operation. 

A SPACE SUPPRESS instruction must be preceded 
by tests for print check and printer busy, and fol
lowed by a WRITE LINE instruction. When these tests 
are made before a SPACE SUPPRESS instruction, it is 
not necessary to repeat the test before the print 
instruction because the tests are still valid. 

Word Marks. Word marks are not affected. 

Timing. T = .0115 (LJ + 1) ms. 

Branch if Printer Status 

Instruction Format. 

Mnemonic 
BIN 

d-character 

1. 
5. 
6. 
7. 
8. 

Op Code 
B 

I-address d-character 
xxx d (see chart) 

Description 

Printer Error 
Printer Busy 
Carriage Busy 
Carriage Channel 9 
Carriage Channel 12 

Function. This instruction and its associated d-char
acters are used to check the printer status. When 
a tested condition is present, the program branches 
to the I-address. If th'e condition is not present, the 
program goes to the next sequential instruction. 

Word Marks. Word marks are not affected. 

Timing. T = .0115 (LJ + 1) ms. 



IBM 1445 Printer for the 1460 System 

The IBM 1445 Printer provides a means of inscribing 
in magnetic ink A.B.A. (E-13B) type font as well as 
conventional characters for another medium of printed 
output from a 1460 system. 

IBM 1445 Printer Instructions for 1460 

Write Line! 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
W M %Yl xxx W 

Function. This instruction is used to transfer data from 
core storage to the 1445 printer, where it will be 
printed. 

The high-order position of data in the core-stor
age position specified by the B-address is transferred 
and printed in print-position 1. The rest of the data 
located in the adjacent core-storage positions is 
transfeITed, column by column, and printed in the 
adjacent print positions until a group-mark with a 
word-mark in core storage is sensed. 

The number of characters printed depends on the 
B-field length established. in core storage. The 
B-field length is 113 positions plus one fOir the group
mark with a word-mark. An automatic single-space 
operation occurs after the actual printing ends, un
less a different carriage operation is programmed. 

Word Marks. Word marks are not affected. A group
mark with a word-mark is required to end the oper
ation. 

Timing. T = .006 (LI + 1) + 361 ms. 

Write Line and Suppress Space 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
WS M %Yl xxx S 

Function" This instruction is used to trans.fer data 
from core storage to the 1445, where it will be 
printed. The automatic single space, normally taken 
after printing, is suppressed. 

Data in the core-storage position specified by the 
B-address is transferred and printed in print-posi
tion 1. The rest of the data located in the adjacent 
core-storage positions is transferred, column by col
umn, and printed in the adjacent print positions 
until a group-mark with a word-mark in core stor
age is sensed. The number of characters printed 
depends on the B-field established in core storage. 
The B-field length is 113 positions plus one for the 
group-mark with a word-mark. 

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

Timing. T = .006 (LJ + 1) + 361 ms. 

Control Carriage 

Instruction Format. 

Mnemonic 
CC 

Op Code 
F 

d-character 
X (see Figure H-I02) 

Function. This instruction causes the carriage to move 
as specified by the d-character (Figure H-I02). If 
the d -character is: 

1. a digit, an immediate skip to the specified chan
nel in the carriage tape occurs. 

2. An alphabetic character containing a 12-zone, a 
skip to the specified channel in the carriage tape 
occurs after the next line is printed. 

3. an alphabetic character containing an II-zone, 
and immediate-space operation, as specified by the 
digit portion of the character, occurs. 

d Immediate skip to d Skip after print to 

1 Channel 1 A Channel 1 
2 Channel 2 B Channel 2 
3 Channel 3 C Channel 3 
4 Channel 4 D Channel 4 
5 Channel 5 E Channel 5 
6 Channel 6 F Channel 6 
7 Channel 7 G Channel 7 
8 Channel 8 H Channel 8 
9 Channel 9 I Channel 9 
0 Channel 10 ? Channel 10 

# Channel 11 • Channel 11 
@ Channel 12 0 Channel 12 

d Immediate space d After print-space 

J 1 space / 1 space 
K 2 spaces S 2 spaces 
L 3 spaces T 3 spaces 

Figure H-I02. Control Carriage d.-Characters 
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4. an alphabetic character containing a zero-zone, 
a space operation, as specified by the digit portion 
of the character, occurs after the next line is printed. 

Word Marks. Word marks are not affected. 

Timing. T = .006 (LI + 1) ms + remaining form
movement time, if carriage is already in motion 
when this instruction is given. The total form-move
ment time depends on the specific carriage opera
tion being performed. 

Multiple Printer Output for the 1460 System 
Using the 1445 Printer 

Printer Selection 

All the printers share the same output area, core-stor
age positions 201-332. A PRINTER PRESELECT instruction 
specifies which printer is to accept and print the data 
from core-storage positions 201-332. This instruction 
is a 2-character instruction and consists of an opera
tion code and a d-modifier character. The operation 
code is the letter U with an associated word mark. 
The d-character is ;; (/) diagonal, which specifies the 
IBM 1445 Printer. This instruction is executed prior to 
executing any instruction involving a printer. The in
struction activates the 1445 printer and deactivates 
the previously selected printer. The specified printer 
remains selected until the program selects another 
printer. 

After the printer is selected, the program control is 
uniform to the normal 1445 printer operation with the 
1460 system. 
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E-13B Card BCD Equivalent 
Character Code Code Character Name 

5 ·5-8 841 : Colon 

I 0-5-8 C A84 1 V Word Separator 

I: 12-5-8 BA841 [ Left Bracket 

", 11-5-8 CB 84 1 ] Right Bracket 

9 0-2-8 A8 2 :j: Record Mark 

? 12-0 CBA82 ? (Plus Zero) 

8 11-0 B 8 2 I (Minus Zero) 

3 3-8 8 21 # or = Number Sign or 
Equal To 

~ 4-8 C 84 @or ' At Sign or 
Apostrophe 

0 0-4-8 A84 % or ( Percent or 
Left Parenthesis 

III 12-4-8 CBA84 nor) Lozenge or 
Right Parenthesis 

b 7-8 C 8421 ..,- Tape Mark 

2 0-7-8 A8421 -ti+ Tape Segment Mark 

I" 12 CBA & or + Ampersand or Plus 

Figure H-103. E 13B Characters and Codes 



IBM 77'40 Communicat'ion Control System 

The IBM 7740 Communication Control System can be 
attached to an IBM 1401 or 1460 Data Processing Sys
tem through the system's serial input/output adapter. 

The stored program in the system has complete con
trol over the data transmission to and from the 7740 
system. To facilitate this control, three types of in
structions are used: 

1. SIGNAL CONTROL instructions. 

2. BRANCH IF INDICATOR ON instructions. 

3. MOVE and LOAD instructions. 

IBM 77040 Instructions 

Signal Control 

Instruction Format. 

Mnemonic 
S" ,) 

Op Code 
K 

d-character 
Refer to Figure H-104 

Function. The SIGNAL CONTROL instructions are used 
by the processing system to: 
1. Inform the 7740 system that it wants to perform 
a partkular operation, or 

Instruction * Signal Sent to 7740 System 

K B or Attention Response - given when the system 
~ (III) B recognizes an I}\ttentionllsignal sent from the 7740. 

K Cor Read Request - given when the system wants 
~ (III) C to read (receive) data from the 7740. 

K D or Write Request - given when the system wants 
~ (III) D to write (send) data to the 7740. 

K E or End Response - given when the system recognizes 
K (III) E an"End"or"Unusual-End"condition signal sent from 

the 7740. 

K F or Control Request - given when the system wants 
~ (III) F to send control data to the 7740. 

KG or Sense Request - given when the system wants to 
K(III)G receive status data from the 7740. This is normally 

done after the system rece ives an"Unusua I-End" 
condition signal from the 7740. 

* IS (III) X form of instruction results in a branch to the specified l-address 

Figure H·104. Signal Control Instruction Summary 

2. Send a reply to the 7740 system after recogniz
ing a specific condition. 

Refer to Figure H-104 for the d-characters and 
the assocjated signals sent to the 7740 system. 

Word Marks. Word marks are not affected. 

Timing. T = N~ (LI + 1) ms. 
~N = .0115 for 1401, .006 for 14.60 

Address Registers After Operation. 

KX 
I-Add. Reg. 

NSI 
NSI 

A-Add. Reg. 
dbb 

B-Add. Reg. 
dbb 
dbb K( III) X BI 

Example. The system signals the 7740 that it wants 
to receive data from the 7740 (Figure H-105). 

SPS 

AUTOCODER 

Assembled Instruction. ~ C 

Figure H-105. Read Request 

Branch if Indicator On 

Instruction Format. 

SPS 
A 

Mnemonic Op Code I-address 
B B xxx 

BIN~ 

d-character 
see Figure H-I06 

~ An I-address can be specified for these instructions, and it 
results in a branch to the specified I-address. The Autocoder 
mnemonic for this form of the instruction is SSB. 

Function. This instruction and its associated d-char
acters are used by the system to check for various 
conditions on the 7740 system. When a tested con
dition is present, the program branches to the 
previously written subroutine. The BRANCH IF INDI

CATOR ON instruction d-characters and the tests they 
perform, are shown in Figure H-106. 

Word Marks. Word marks are not affected. 

Timing. 

No Branch: 
T = N (LI + 1) m,s. 

H-67 



d-character T est Performed 

1 (;auses a branch to the specified I-address 
when a data transmission is ended and a 
condition is present of which the system 
must be aware. The condition remains 
ON unti I it is set OFF by executing a 
~ E instruction. 

2 Causes a branch to the specified I-address 
when a data transmission is successfully 
completed. The IISuccessful Completion ll 

condition remains ON unti I it is set 
OFF by executing a 1$ E instruction. 

3 Causes a branch to the specified I-address 
when the 7740 system has received a Read, 
Write, Control, or Sense request from the 
system. The IIReceive Request ll condition 
remains ON unti I it is set OFF by 
executing a ~ E instruction. 

4. Causes a branch to the specified I-address 
when the 7740 system wants the system to 
IIservice ll it (attention signal). The 
attention signal remains ON unti I it is 
set OFF by executing a ~ B instruction. 

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

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

Note. The Autocoder mnemonic must also have the d-character 
in the operand. 

Address Registers After Operation. 

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

No Branch NSI BI dbb 
Branch (without 

indexing) NSI BI dbb 
Branch (with 

indexing) NSI BI NSI 

Example. Tests fO'r the attentiO'n signal. If the signal 
is present, branch to' cO're-storage IO'cation 0385 
(area labeled MSGST), Figure H-I07. 

SPS 

Figure H-I06. Branch if Indicator On d-Character Summary 
AUTOCODER 

I Label ~perat'9 
• .5. ~ ~5 

OPERAND 

~o ~o 40 45 

Assembled Instruction; ~ 385 .4 

Figure H-107. Branch if Attention Signal Indicator On 

Instruction Read Data Read Data with Write Data with Write Data 
Name Word Marks Word Marks 

Instruction M (%A 1) (BBB) R h (%A 1) (BBB) R 1 (%A 1) (BBB) W M (%A 1) (BBB) W 
Format 

Function Data without word Data with word Data with word Data without word 
marks received marks received marks sent to marks sent to 
from 7740 system from 7740 system 7740 system 7740 system 

Transmission GM-WM sensed in system core storage or an"End"or"Unusual End"signal from the 
Ended by 7740 system 

Word Marks Word marks are Word marks are transmitted Word marks are 
not transmitted not transmitted 

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

Address I-Add. Reg. A-Add. Reg. B-Add. Reg. 
Registers NSI %11 B + message length + 1 
After 
Operation 

Figure H-108. Read and Write Instruction Summary 
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Read and Write 

Instruction Format. 

Mnemonic 
MU or LU 

Op Code 
M orL 

A-address 
%A1 

B-address d-character 
xxx R or W 

Function. The READ AND WRITE instruction - M or L 
(%A1) (BBB) R or vV, initiates the data transmis
sion operation between the system and the 7740 sys
tem in the specified mode. 

The parts of the instruction and their uses are: 

M or L - The M or L operation code specifics whether the 
ili'tta t;:'lnsmission will be performed in the move mode or 
load mode. If the move mode (M Op code) is specified, up 
to 7 hilts per character (CBA8421) are involved in the data 
transmission. If the load mode (L Op code) is specified, up 
to 8 bits per character (WM CBA 8421) are involved in the 
data transmission. 

%A1 - The A-address (%A1) specifies that data transmission 
between the system and the 7740 system will take place 
when the instruction is executed. 

BBB _. The B-address specifies the high-order position of 
the core-storage area involved in the data transmission. 

H. or 'VV - Ad-character R specifies a read operation. This 
d-character is used when the 7740 will send data. A d-char
acter W specifies the write operation. This d-character is 
used when the 7740 will receive data. 

Refel: to Figure H-108 for a summary of the READ 

and WRITE instructions. 

Example. Read data from 7740, without word marks, 
and place in core storage, beginning at location 
0853 (area is labeled INPDAT), Figure H-109. 

SPS 

AUTOCODER 

Assembled Instruction: It! "7oA! 853 R 

Figure H-109. Read Data 

IBM 7710 Audio Response Unit Model 1 
The IBM 7770 Audio Response Unit (Figure H-110) 
can be attached to the IBM 1401 or 1460 Data Process
ing System through the IBM 1311 disk-control channel. 

It provides audio response to inquiries made from 
telephone-type terminal devices, IBM 1001 Data Trans
mission Terminals, or other similar terminals. The 
composed audio response comes from a vocabulary 
pre-recorded on a magnetic drum in the 7770. Connec
tion between the inquiry terminals and the 7770 is 
made through appropriate common-carrier-providcd 
facilities. 

In operation, a calling party enters an inquiry con
sisting of a series of digits from an inquiry terminal. 
The 7770 buffers the inquiry and, when complete, 
sends the whole inquiry to the processing unit under 
program control. The processing unit processes the 
inquiry and composes a coded-response message. This 
message is sent back to the 7770, which interprets the 
response message, selects the proper words from the 
pre-recorded vocabulary, and transmits these words 
as an audio response back to the inquirer. 

Figure H-llO. IBM 7770 Audio Response Unit, Modell 
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IBM 7770 Instructions 

The instructions for the operation and control of the 
7770 are the same instructions that apply to the IBM 

1311 Disk Storage Drive, Model 2. 

Seek Disk 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS MV or LV M or L %FO xxx R 
A SD 

Function. The A-address specifies that a seek opera
tion is to be performed to get the record about 
which the inquiry is being made. The B-address 
specifies the high-order position in core storage of 
at least the first six functions of the disk-control 
field. Only the alternate-code position and the first 
five positions of the core sector address are used 
during a seek-disk operation. 

Word Marks. Word marks are not affected. 

Timing. T = N (LI + 7) ms. 

Read Disk Sector 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS MV or LV M or L %Fl xxx R 
A RD 

Function. This instruction causes data to be read from 
the 7770 into core storage. The digit 1 in the A-ad
dress (%F1) specifies that a sector operation is to 
be performed. The number of sectors to be read is 
specified by the sector-count field which must be 1. 
The reading of the 7770 data is stopped by a group
mark with a word-mark in core storage. 

The B-address specifies the high-order position in 
core storage of the disk-control field, and the area in 
storage reserved for the data read from the 7770. 
The dIsk-control field of the 7770 is 8000000001. 

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

\-Vord Marks. A group-mark with a word-mark must 
be one position to the right of the last position re
served in core storage for the message. If a group
mark with a word-mark is detected before reading 
of the message is completed, the wrong-length rec
ord indicator turns on and reading stops. 

1-1-70 

Timing. See IBM 1311 Disk Storage Drive Timing
Section C. 

Note. Instructions must be L (LOAD) if the 7770 has the ex
tended-vocabulary feature.-If this feature is not installed, the 
instructions must be M (MOVE). 

Write Disk Sector 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS MV orLV M or L %Fl xxx W 
A WD 

Function. This instruction causes record data in core 
storage to be transferred to the 7770 for interpret
ing and transmitting to the inquirer. For details of 
tho write instruction see 1311 instructions in Sec
tion C. 

\-Vord Marks. A group-mark with a word-mark must 
be one position to the right of the last character of 
the message in core storage. The writing of data 
stops when the end of message is reached in the 
7770 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 a record, the re
mainder of the disk record is filled with valid blanks 
( C-bits ), and any-disk condition and wroog-Iength 
record indicators are turned on. 

Timing. See IBM 1311 Disk Storage Drive Timing
Section C. 

IBM 7770 Model 1 Programming 

The function of the IBM 7770 Audio Response Unit is 
to provide a spoken reply message to a digital inquiry 
entered by an inquiring party. To provide this reply, 
the 7770 outputs pre-recorded words in a specific se
quence to form a message. Because the 7770 is merely 
an input, storage, and output device, it is incumbent 
upon the processor to tell the 7770 the sequence of 
the words of the message. This is accomplished by a 
user-written program. 

When the user writes his program, it should con
sist of the following phases: 
1. Inquiry input 

a. Bring the inquiry into core. 
b. Determine if it is a test message. 
c. Determine if it is of proper length. 



2. Evaluation of input 
a. Determine information required. 
b. Check security code, if present. 

3. Information retrieval 
a. Seek informati0'n on account from files. 
b. Get output message format, if required. 

4. Message assembly and output 
a. Extract infOImation from aCC0'unt file and place 

in pr0'per order in the 0'utput area. 
b. Write the output area to the 7770. 

IOCS f0'r 1311 disk storage will prQvide the neces
sary get and put instructi0'n macrQS for retrieval and 
placement of 7770 input and output information, re
spectively. To provide fQr IOCS, it is necessary to 
properly define the IOCS requirements. This is cov
ered under IOCS Usage in Input/Output Control Sys
tem (on Disk) for IBM 1401/1460: Specifications, FOml 

C24-1489. 
Figure H-lll shows the program necessary to serv

ice the 7770 in a disk-storage envirQnment. The uncon
ditional branch to the polling subroutine sh0'uld be 
performed about every 3 to 5 seconds 0'f mainline 
pr0'gram time (a maximum Qf 10 seconds is permitted). 
This time depends on the type 0'f- mainline pr0'gram 
being run. The wide latitude of time between polling 

~J 
~J 

Polling 
Subroutine 

storethJs Address of 
Instruction 
at A 

Figure H·111. Inquiry Processing Subroutine 

Evaluation and 
Reply 
Subrouti nes § 

Evaluate Inquiry 
and Compose 
Reply 

Write Reply 
to 7770 

operations is provided because polling and servlCmg 
r0'utines should require all waiting inquiries to be 
serviced before returning to the mainline program. 
Bec~use the polling and servicing subr0'utines together 
probably will nQt exceed 300 milliseconds (including 
one disk seek to get the record about which inquiry 
is being made), the delays in processing unit service 
will n0't cause excessive wait-time for the calling party. 
The branch on tape mark is particularly important. 
\Vhen the 7770 does not have an inquiry to be proc
essed, the read will return a first character tape mark. 
This must be interpreted by the user's program as no
service-required and a return to the mainline program 
may take place at this point. 

Generally, the same instruetions and program pre
cautions (i.e., err0'r routines) used with disk storage 
apply to the 7770. The following is a more detailed 
explanati0'n 0'f the program phases described earlier. 

Inquiry Input 

The inquiry is brought into core storage by the use 
of a read file instructi0'n sequence. In the event of 
transmission errors, a reread is p0'ssible in exactly 
the same way as a file reread. Should the reread nQt 
correct the error condition, a standard message should 
be sent by the user to the 7770 indicating the neces
sity of a redial by the calling party. Except in the case 
of the transfer of a first character tape mark to core 
storage, it is mandatory for the user to return a reply 
to the 7770. The 7770 must always receive a write 
after a read, if a tape mark is n0't received. 

Because of the unique character of the 7770, it is 
PQssible to test Qn one input line while the Qthers are 
perfQrming their normal functions. FQr this reason, a 
testing routine should be built into the user's normal 
servicing program. This is simplified because the test 
message entered from the GE panel is one character 
followed by a grQUP mark ($); no other input mes
sages have this characteristic. Also, no actual process
ing of this test message must be done. It is read into 
core storage, recQgnized by the program and returned 
unmodified to the 7770. Because the inquiry is already 
in core storage (thrQugh the polling routine), a rQU
tine similar to the Qne shQwn in Figure H-112 might 
be used. 

If an inquiry is nQt of the correct length, it causes 
an error condition. The error cQnditiQn may be tested 
at the discretion 0'f the user. In applicati0'ns requiring 
inquiries of various lengths (i.e., in banks, mQrtgage 
accounts might be six digits and savings accounts 
seven digits), additional verification techniques may 
be required. However, if all inquiries are to be of one 
specific length, recQrd length might be c0'nsidered ade-
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Write Output 
to 7770 

Read Bock 
Check 

Delay for 
2.070 ms 

To Regular Msg 
Processing Routines 

Figure H-1l2. Testing Subroutine 

Load Redial 
Msg to 
Output 

quate. Other record verifying techniques may be used 
at the option of the user. In the event of an invalid 
inquiry, an error message (such as redial) must be 
sent by the user's program to the 7770 to release it 
for further line servicing. After a read back check with 
no eTrOf'S, the program must delay for about 2.8 milli
seconds before proceeding to the next read. This 
delay is required because of 7770 timing. A routine 
patterned after the following might be used: 

DELAY A *-6, *+17 
C *+10, @7@ 
BE *+7 
B *-22 
DCW ° 
DCW ° 
LCA *-7, *-8 
B ITEMC (See Figure H-lll) 

This routine allows approximately 2.8 milliseconds 
and requires 37 positions of core storage. 

Evaluation of the Input 

The information required by the inquiry from disk 
storage must be indicated by the inquiry if many 
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different types of spoken replies are to be given; for 
example, a retailer may desire to know the amount 
of a certain stock number on hand. To get the infor
mation desired, and only that information, can be 
easily accomplished by assigning transaction codes as 
part of the inquiry. A format for an inquiry might be: 

The length of the stock number and transaction code 
is variable at the discretion of the user. The user's 
program must interpret the meaning of both the stock 
number and transaction code. The evaluation of the 
inquiry might also involve the length of the inquiry 
as discussed in the Inquiry Input section. In some 
applications, the user may desire to have the trans
action code located elsewhere in the inquiry. Because 
this program is interruptible, the placement is not 
limited. 

On occasion, some stored information must be in
accessible except to certain persons. In order to per
form this fuction, several methods may be used and 
five of these are described in detail in SRL publica
tion, IBM 7770 Audio Response Unit Modell, Form 
A22-6800. Some security codes may appear as part of 
the data from which the response message will be 
composed while o.ther~ may be part of the inquiry 
itself in much the same manner as the transaction 
code. 

If a blank is received in the first character of an 
inquiry read from the 7770, the user's program should 
interpret this as a transmission error and return a 
redial. 

Information Retrieval 

Once the actual inquiry has been evaluated, a re
sponse message must be composed. To do this, the 
general source of information, described by the in
quiry, is brought into core storage. The general source 
of information in a disk system would probably be 
one or more sections from disk. 

To simplify message assembly, some systems may 
utilize a message format method. With the inquiry 
transaction code evaluated, it wo.uld be known that 
a certain form of reply is required. This form might 
well be prepared in advance and stored either in core 
storage or o.n disk to be moved to some output area 
and there to be added to with information extracted 
from the data brought into core storage. 



Message Assembly and Output 

A number of methods may be employed for the com
position of response messages. An understanding of 
vocabulary organization as described in SRL publica
tion, IBM 7770 Audio Concepts and Vocabulary, Form 
A22-680E;, is necessary. Because the response message 
composed by the processing unit is not an audio mes
sage, but rather a sequence of addresses sent to the 
7770 indicating wheTe a particular word may be lo
cated on the analog drum, it is possible to use raw
data for message composition. 

For example, the disk file record of an insurance 
policy right include such information as a repeat of 
tho policy number, the name of the insured, and the 
current loan value of the policy. Recalling that the 
method of addressing audio words used by the 7770 
is the straight binary decode of a BCD character, the 
recommended vocabulary organization places the 
spoken word "one" on track number 1, and the BCD 
equivalent is 1. The spoken word "A" would be found 
on track 49, the BCD "A" being BA 1 (which is the 
binary representation of 49) and so on through the 
alphabet and numbers from one to zero. The special 
characters might be used to address words of unique 
meaning .. The actual assembly of the message may use 
the format system described in the Information Re
trieval section, but placement of specific words within 
the format must be done on an individual message 
basis. Using the example of the insurance poliey, note 
the following disk record: 

Policy Number 
93764 3 

Insured's Name 
JOHN J DOE 

It is desired to say: 

Account Number: 937643 
Insured: J-O-H-N J D-O-E 
Loan Value: 516 Dollars. 

Loan Value 
516 

The unique words might be repTesented by: 

@ Account 
;ff: Number 

Insured 
* Loan 
:~ Value 
$ Dollars 

A BCD blank is interpreted by the 7770 as silence 
required. Thus the message format might be (bl is 
used to represent a BCD blank): 

@ # bl bi bi bi bi bi bi I bi bi bi bi bi 
bi bi bi bi bi bl bl * ::j: bi bl bl bl $ =1= 

The group mark must be the last character of any 
message so it serves as an end-of-message character. 

The fully assembled message would resemble the 
following in core storage or in 7770 storage: 

# 937643bllJOHNblJblDOEblb14 =\=bI516$ =1= 

It is also possible to place data in the disk record 
according to the response expected, thus making the 
format a part of the stored data rather than putting 
the stored data into a message format at the time it 
is called. The maximum length of response is 38 words. 

The response message may be assembled for out
put in the same buffer area reserved for input because 
only one message is handled at a time. The maximum 
length of inquiry is 40 characters and the maximum 
length of the response is 38 characters plus one group 
mark. The response message is sent to the 7770 
through a write disk to disk-control field (DCF) 
8000000001. It is necessary that a read-back check be 
issued after a write. Tho transmission error indicator 
must be tested immediately and, in the event of an 
error a user-written error routine must issue a rewrite 
Within 2.2 milliseconds of the read back check. 

If longer delay before rewrite is desired, a seek 
should be given within 2.2 milliseconds. 

NOTE 1. It is possible for a calling party to dial or otherwise 
unintentionally put in an incorrect inquiry code; the user should 
program-protect the caller from getting information that is in
correct. Because it is usually not possible to determine if a 
number has been incorrectly dialed until a response is made to 
that number, it is advisable to provide some means of checking 
the input number. One of the easi.est methods of doing this is 
to program the IBM 7770 to repeat back to the calling party the 
number as received by the IBM 7770. If the number repeated 
back is not what the caller expects, the caller should place the 
inquiry again. Other checking methods may be used, but the 
repeat back is one of the simplest. 

One character, the group mark, is recognized by the 7770 
as having special meaning. This is the end-of-message character 
and must appear as the last character of any message. A mes
sage may contain a maximum of 38 address characters plus one 
group mark. A group-mark with a word-mark must not appear 
at any point in the message because its presence indicates an 
end of transmission to the 7770. 

NOTE 2. If the extended-vocabulary feature is installed on 
the 7770, the maximum inquiry length decreases to 36 charac
ters and the response length to 35 characters plus group mark. 
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The IBM 1285 Optical Reader Modell (Figure H-100) 
serves as an input device for IBM 1401 and 1460 Data 
Processing Systems. The 1285 reads printed paper 
tapes, such as those produced on cash registers and 
adding machines. Using advanced optical-recognition 
techniques to read directly from the source document 
of many business transactions, the 1285 eliminates the 
time, expense, and errors inherent in a system that 
requires information to be manually punched into 
cards before being entered into the system. 

Refer to IBM 1285 Optical Reader, Component De
scription, Form A24-3256, for additional information 
concerning operation of the 1285. 

Figure H-lOO. IBM 1285 Optical Reader 
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IBM 1285 Optical Reader 

IBM 1285 Instructions 

The IBM 1285 Optical Reader, Modell, can be oper
ated in overlap or nonoverlap mode. The following de
scriptions of the instructions for the 1285 deal only 
with the nonoverlap mode. Additional considerations 
that arise in the overlap mode are discussed separately 
in Overlap Operations. 

Instructions applying to the 1285 cannot be success
fully chained. 
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Read in Move Mode 

Instruction Format. 

Mnemonic Op Code A-address B-address. d-charactel 
MU .M.. %V1 xxx R 

Function. This instruction reads either one character 
or one line into core storage from the 1285. When 
header or full-line correction information is entered 
from the keyboard, characters are transmitted in 
single-character mode, one character for each read 
instruction. The character is entered in the core
storage location specified by the B-address and the 
operation is terminated. Assuming the operator keys 
in information from left to right, the B-address of 
this instruction should be modified by + 1 for each 
subsequent read operation. 

When data is read from the journal tape, charac
ters are transmitted in line mode, one line of infor
mation for each read instruction. The line is read 
from right to left, with the first character being read 
into the core-storage location specified by the B-ad
dress. The contents of the B-address register are 
automatically modified by -1 before transferring 
each subsequent character. 

A character entered from the keyboard for single
character on-line correction is handled in the same 
manner as one read from the tape in this line-reading 
mode. 

A read operation is normally terminated when the 
reader senses the left margin of the tape. When this 
occurs, a group mark is automatically inserted in the 
core-storage position to the left of the last character 
read, and the end-of-line indicator is turned on. If a 
group mark with word mark is detected in core 
storage before reading the last character of the line, 
the read operation is terminated and the end-of-line 
branch indicator is not turned on. 

A read operation is also terminated if the branch 
on error indicator is set on. 

Word Marks. Word marks are not affected. A group 
mark with a word mark will terminate the read 
operation. 

Timing. See IBM 1285 Timing Considerations section. 

Address Registers After Operation. 

I-Add. Reg. A-Add. Reg. B-Add. Reg. 
NSI 0/051 Bp - length of line. 

or 
NSI 0/051 GMWM - 1 

Example: Read the 1285 keyboard and place the char
acter in the core-storage location labeled KB1285 
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(0881). The enter key must be pressed after each 
character key is pressed (Figure H-100.1). 

Autocoder 

Assembled Instruction: M. %Vl 881 R 

• Figure H-100.1. Read IBM 1285 in Move Mode 

Read In Load Mode 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
LU L 0/0 V 1 BBB R 

Function. This instruction functions in the same man
ner as the read-in-move-mode instruction except 
that, in line reading, word marks accompany charac
ters sent from the keyboard in on-line reject correc
tion. This allows the CPU to distinguish between 
characters read from tape and characters entered 
from the keyboard. 

Go to Next Line 

Instruction Format. 

Mnemonic 
SS 

Op Code 
K 

I-address d-character 
SPS 
A 
A 

xxx G 
K G SS 

SSB Ie xxx G 

Function. This instruction causes the reader to ad
vance to the next line. The normal procedure is to 
test the end-of-line branch indicator after a read 
instruction and, if on (indicating a valid read), to 
issue this instruction to cause the reader to begin 
scanning for the next line. If not given after a read 
operation is terminated, the next read instruction 
will reread the line. 

The next instruction executed is that specified by 
the I-address, if supplied, or the next instruction in 
sequence, if no I-address is specified. 

Word Marks. Word marks are not affected. 

Timing. 
Go to next line: T = N (Ll + 1) ms. 
Go to next line and branch (without indexing): 

T = N (Ll + 1) ms. 
Go to next line and branch (with indexing): 

T = N (Ll + 2) ms. 



Address Registers After Operation. 

I-Add. Reg. A-Add. Reg. B-Add. Reg. 
Go to next line: 
Go to next line and 

branch (without 
indexing): 

Go to next line and 
branch (with 
indexing): 

NSI Gbb Gbb 

NSI BI blank 

NSI BI NSI 

Example. Cause the 1285 to advance to the next 
journal-tape line, and branch unconditionally to a 
subroutine labeled RDTAPE (1286) specified by the 
I-address (Figure H-100.2). 

Autocoder 
Lobel OPERAND 

III !II !I !!II ~ I: .~~ 

Assembled Instruction: !.. 586 G 

• Figure H-IOO.2. Go to Next Line and Branch 

Set Correc:tion Mode 

Instruction Format. 

SPS 
A 
A 

Mnemonic 
SS 
SS 
SSB 

Op Code 
.K 
K 
K 

I-address 
xxx 

xxx 

d-character 
C 
C 
C 

Function. This instruction causes the 1285 to go into a 
line display and sets up controls for character-by
character reading from keyboard entry. If the first 
line of the tape has not yet been read, the enter light 
turns on, indicating to the operator that he should 
enter header data. If at least one line of the tape has 
been read, the reject light turns on, indicating to the 
operator that he should do a full-line correction. 

The next instruction executed is either specified 
by the I-address or the next sequential instruction (if 
no I -address is specified). 

Word Marks. Word Marks are not affected. 

Timing. 
Set correction mode: T = N (Ll + 1) ms. 
Set correction mode and branch (without indexing): 

T = N (Ll + 1) ms. 
Set correction mode and branch (with indexing): 

T = N (Ll + 2) ms. 
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Address Registers After Operation. 

I-Add. Reg. A-Add. Reg. B-Add. Reg. 
Set correction mode: 
Set correction mode 

and branch (without 
indexing): 

Set correction mode 
and branch (with 
indexing): 

NSI Cbb Cbb 

NSI BI blank 

NSI BI NSI 

Example. Cause the 1285 to go into line display and 
set up controls for character-by-character entry from 
keyboard (Figure H-100.3). 

Autocoder 

~ Lobel ,tratl~ 
. I ~~ . ~o. = .. ~' 

Assembled Instruction: ~ C 

• Figure H-IOO.3. Set Correction Mode 

Mark a Line 

Instruction Format. 

SPS 
A 
A 

Mnemonic 
S5 
SS 
SSB 

Op Code 
K 
K 
K 

I-address 
xxx 

xxx 

~II . 
OPERAND 

~II , 

d-character 
M 
M 
M 

~ 

Function. This instruction causes the line that the 
reader is on to be marked by the reject line marker. 
The line is transported to the top of the scan window 
and marked after the next GO TO NEXT LINE instruc
tion. The MARK A LINE instruction can be given at 
any time after the ready-to-read-a-line indicator is 
turned on and before the GO TO NEXT LINE instruction. 

Note.' If the line is re-read (a GO TO NEXT LINE instruction is 
not given), the effect of this instruction is cancelled. 

The next instruction executed is that specified by 
the I-address, or the next sequential instruction (NSI) 
if no I-address is specified. 

Word Marks. Word Marks are not affected. 

Timing. 
Mark a line: T = N (Ll + 1) ms. 
Mark a line and branch without indexing: 

T = N (Ll + 1) ms. 
Mark a line and branch with indexing: 

T = N (Ll + 2) ms. 
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Address Registers After Operation. 

Mark a line: 
Mark a line and 

branch (without 
indexing): 

Mark a line and 
branch (with 

I-Add. Reg. A-Add. Reg. 
NSI Mbb 

NSI BI 

B-Add. Reg. 
Mbb 

blank 

indexing): NSI BI NSI 

Example, Cause the reader to mark tlle line it is now 
reading, after the next GO TO NEXT LINE instruction 
(Figure H-100.4). 

Autocoder 

~ label 

. : 

Assembled Instruction: JS. M 

• Figure H-100.4. Mark a Line 

BI'anch if Indicator On 

Instruction Format. 

OPERAND 

:'. . : 

SPS 
A 

Mnemonic 
B 

Op Code 
B 

I-Address 
xxx 
xxx 

d-character 
d 

BIN B d 

Function. This instruction tests for the IBM 1285 op
erational conditions specified by the d-character. If 
the indicator is on, the next instruction is taken from 
the I-address. If off, the program goes to the next 
sequential instruction. 

d-character 
1 
2 
3 
4 
5 
6 
7 
8 

Indicators 

Indicator 
ERROR 

END-OF-LINE 

READER-TRANSPORTING 

MARKED-LINE 

HEADER-INFORMATION 

READY-TO-READ-A-LINE 

READER-READY 

END-OF-FILE 

Branch if Error. This indicator (d-character 1) is turned 
on if any of the following conditions exist. This indi
cator remains on until tested. 
• A process check occurs in the processing unit during a read 

operation. 
• A skew error occurs during a read operation. 
• The scanner is unable to follow a line due to extraneous 

material on the tape during a read operation. 
• A reject display exceeds the time limit. 
• A line of header or a full line of correction data (cancel

enter sequence) from the reader. 

Branch if End of Line. This indicator (d-character 2) 
is turned on after the last character of a line is trans
ferred to the processing unit and the reader senses 
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the left edge of the tape. If this indicator is not on 
when a read operation is completed, an error condi
tion may exist, depending on the program and the 
tape format. This indicator is turned off by the GO 

TO NEXT LINE instruction, or by rereading the same 
line. 

Branch if Reader Transporting. This indicator (d-char
acter 3) is turned on when the transport mechanism 
is started to bring a new segment of tape over the 
scan window. It is turned off when the transport 
mechanism is stopped. Note that a minimum of 1 
millisecond elapses between execution of the GO-TO

NEXT-LINE instruction and the beginning of the trans
port operation. Also, this indicator is turned off as 
soon as the transport stops, leaving about 6 milli
seconds until the ready-to-read-a-line indicator is 
turned on. 

This indicator may be used to determine if suffi
cient time is available to execute other instructions. 
This indicator is also on when displaying a line. 

Branch if Marked Line. This indicator (d-character 4) 
is turned on if the last line read will be marked by 
the reject line marker. If the MARK A LINE instruction 
was given, or if the line contains a reject symbol 
(@), it will be automatically transported to the reject 
line marker after the next GO TO NEXT LINE instruction 
is given. 

This indicator is reset by a GO TO NEXT LINE in
struction, or by the rereading of the line (either line 
read or full-line correction). 

Branch if Header Information. This indicator (d-char
acter 5) is turned on when a character of header in
formation or full-line correction is entered from the 
keyboard. It is reset for each character read by the 
program. As long as this indicator is on, the reader 
will not respond to the start key to begin processing 
the journal tape. When no more information is to be 
entered, the start key is pressed, and the ready-to
read-a-line indicator is turned on. 

Branch if Reader Ready to Read a Line. This indicator 
(d-character 6) is turned on when the reader has 
found a line and is ready to read it. The indicator is 
turned off by a go-to-next-line instruction, or by loss 
of the reader-ready condition. 

Note.' When a line is found, the scanner enters the 
normalizing mode and continues from character to character 
in the line until a read instruction is given. At that time, the 
flying spot sweeps back to the low-order character. 

To keep read time to a minimum, a read instruction 
should be given within 1.5 ms after this indicator is turned 
on. Otherwise, up to 3 ms may be lost in returning to the 
low-order position. 

Branch if Reader Ready. This indicator (d-character 7) 
is turned on when a tape is loaded and the first line 
is found by the scanner. The indicator remains on 
until the operator runs the end of the tape through 



the transport by pressing the end-of-file key, or until 
an error occurs that requires operator intervention. 

Branch if End of File. This indicator (d-character 8) is 
turned on when the trailing end of the roll is run 
through the transport by pressing the end-of-file key. 
The indicator is reset when another roll is loaded. 

Word Marks. Word marks are not affected. 

Timing. 
No branch or branch without indexing: 

T == N (Ll + 1) ms. 
Branch with indexing: T == N (Ll + 2) ms. 

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

No Branch: NSI BI 
Banch 

(without indexing): NSI BI 
Branch 

B-Add. Reg. 
dbb 

blank 

(with indexing): NSI BI NSI 

Example. Branch to a subroutine labeled G01285 
(1644) if the reader-ready indicator is on (Figure 
H-I00.5). 

OPERAND 
so 40 411 00 

Assembled Instruction: ! W 4.4 7 

• Figure II-lOO.5. Branch if Reader-Ready Indicator On 

IBM 1285 Timing Considerations 
The reading speed of the IBM 1285 Optical Reader 
depends upon factors which vary with individual ap
plications. The optimum reading speed when using the 
IBM 1428 character font is obtained by the following 
formula:: 
Throughput 

(lines per minute) = 60,000 

Where: 

47 
1.7\V + 1.9S +y; + lAC 

C = characters per line 
L = lines per inch 

W = tape width in inches 
S = distance from tap6 edge to 

first character in inches 

±50/0 

With the NCR Optical Character Recognition Font, 
the optimum reading speed is found with the follow
ing formula, using the same symbols for the same 
variables: 

(lines per minute) == ______ 6_0-'-,0_0_0_ - ___ ±50/0 
47 

1.7W + 1.9S + L + 1.55C - 0.5 
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Note: Items that can lower the optimum calculated speed 
are: rescans, branch-l errors, re-reads of wrong length lines, and 
line marking. Both equations pertain to calculations for con
stant line length and uniform line spacing only. 

U sing the IBM 1428 character font, two examples of 
throughput are given. 

C = 10 characters per line } 
L = 4 lines per inch 

W = 2 inches 
S = 0.2 inch 

C = 4 characters per line 
L = 4 lines per inch 

W = lk'6 inches 
S = 0.1 inch 

} 

Throughput = 2030 lines per 
minute 

Throughput = 3035 lines per 
minute 

IBM 1285 Programming Techniques 
Figure H-I00.6 shows how some of the IBM 1285 in
structions might be used. Figure H-I00.6 is only a 
guide: the application to be performed will dictate the 
actual use of the instructions. 

Overlap Operations 

The 1285 can be operated in overlap mode if the at
tached processing unit has the process-overlap fea
ture. In this mode, processing is interrupted only long 
enough to transfer a single character into core storage, 
and then is released until the next character in the line 
has been recognized by the reader and is ready to be 
transmitted. The programming aspects of overlapped 
operations are given in this section as exceptions to 
the previous discussion of the instruction set. 

Read in Overlap Mode 

To read in overlap mode, code the A-address ReId with 
@VI (instead of the % VI used for a nonoverlapped 
read). Processing is interrupted to transfer each char
acter, and then released until the next character is 
ready to be transferred. 

Go to Next Line 

This instruction can be used to terminate an over
lapped read operation. In this case, the error indicator 
is turned on and the reader advances to the next line. 

Branch if Error 

This indicator is turned on if an overlapped read oper
ation is terminated by a GO TO NEXT LINE or set
correction-mode instruction. 

N ate: This type of operation may be deliberate and not 
actually an error condition. For example, a program might be 
processing only those lines with a particular code in the low
order position. Processing is released after the first character is 
read, allowing the program to test to see if the read is to be 
continued. If not, the program can go to the next line, ignoring 
the error indicator. (The error indicator should still be tested in 
order to reset it.) 

H-63.2 
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Reader 
Ready 

Header 
Information 
Complete 

NOTES: 1. This chart illustrates possible uses of IBM 1285 instructions. 
Actual use of these instructions is appl ication-dependent. 

2. In the event of a solid error (ten tries of the line), the 
programmer might elect to mark that line and skip to the next 
one, or to go to a full-line correction entry. For the latter, 
do a set correction mode and branch to a routine similar to 
the header routine. 

• Figure H-100.6. IBM 1285 Programming Schematic 
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File Started 
Without Header 
Informati on 

Lost 
Reader 
Ready 

OK 

Go to 
Next Line 

Reader 
Ready 



The IBM 1445 Printer (Figure H-101) provides a means 
of inscribing in magnetic ink A.B.A. (E-13B) type font 
as well as conventional characters for another medium 
of printed output from the 1401 system (equipped 
with a serial input/output adapter). 

IBM 1445 Printer Instructions for 140 I 

Write Line 

Instruction Format. 

Mnemon:ic Op Code A-add1'ess B-address d-character 
MU M %~ DX W 

Figure H-10l. IBM 1445 Printer 
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IBM 1445 Printer for the 1401 System 
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Function. This instruction is used to transfer data from 
core storage to the 1445 printer, where it will be 
printed. 

The B-address (xxx) contains the first character 
to be printed. Because the printer cannot recognize 
or fill a short line, the print field must contain 170 
parity valid characters. The first 113 characters are 
all that are printed. The remaining buffer positions 
are filled with valid characters or blanks. 

An end-of-transmission signal, which is an internal 
signal that is developed when the print field is filled 
with 170 parity valid characters, stops the data trans
fer and initiates an I/O disconnect to the processor. 
This permits the processor to continue while the 
printer writes the line of data from the print buffer. 

Word Marks. Word marks are not affected. 

Timing. T = .0115 (LI + 1) + 2.5 ms. 

Control Carriage 

Instruction Format. 

Mnemonic 
SS 

Or Code 
K 

d-character 
A 

Function. This instruction is used for carriage control 
through the program to move the form for the de
sired spacing. 

This conditions the printer to enter the next char
acter on the data lines into the carriage register. , 
The B-a.ddress of the next print instruction must 
contain the specific modifier character for the forms 
operation desired. 

This instruction ends after the single character is 
read (I-cycle) and continues on the next instruction. 

Word f.1arks. Word marks are not affected. 

Timing. T = .0115 (LI + 1) ms + remaining form
movement time, if the carriage is already in motion 
when this instruction is given. The total movement 
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time depends on the specific carriage operation be
ing performed. 

Space Suppress 

Instruction Format. 

Mnemonic 
SS 

Op Code 
K 

d-character 
B 

Function. This instruction suppresses the single space 
after a print operation. 

A SPACE SUPPRESS instruction must be preceded 
by tests for print check and printer busy, and fol
lowed by a WRITE LINE instruction. When these tests 
are made before a SPACE SUPPRESS instruction, it is 
not necessary to repeat the test before the print 
instruction because the tests are still valid. 

Word Marks. Word marks are not affected. 

Timing. T = .0115 (LI + 1) ms. 

Branch if Printer Status 

Instruction Format. 

Mnemonic 
BIN 

d-character 

1. 
5. 
6. 
7. 
8. 

Op Code 
B 

I-address d-ch'aracter 
xxx d (see chart) 

Description 

Printer Error 
Printer Busy 
Carriage Busy 
Carriage Channel 9 
Carriage Channel 12 

Function. This instruction and its associated d-char
acters are used to check the printer status. When 
a tested condition is present, the program branches 
to the I-address. If the condition is not present, the 
program goes to the next sequential instruction. 

Word Marks. Word marks are not affected. 

Timing. T = .0115 (LI + 1) ms. 
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The IBM 1285 Optical Reader Modell (Figure H-100) 
serves as an input device for IBM 1401 and 1460 Data 
Processing Systems. The 1285 reads printed paper 
tapes, such as those produced on cash registers and 
adding machineso Using advanced optical-recognition 
techniques to read directly from the source document: 
of many business transactions, the 1285 eliminates the 
time, expense, and errors inherent in a system that: 
requires information to be manually punched into 
cards before being entered into the system. 

Refer to IBM 1285 Optical Reader, Component De
scription, Form A24-3256, for additional information 
concerning operation of the 1285. 

Figure H-lOO. IBM 1285 Optical Reader 

IBM 1285 Optical Reader 

IBM 1285 Instructions 

The IBM 1285 Optical Reader, Modell, can be oper
ated in overlap or nonoverlap mode. The following de
scriptions of the instructions for the 1285 deal only 
with the nonoverlap mode. Additional considerations 
that arise in the overlap mode are discussed separately 
in Overlap Operations. 

H-61 
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Read in Move Mode 

Instruction Format. 

Mnemonic Op Code 
MU .M.. 

A-address 
%V1 

B-address 
xxx 

d-characte1 
R 

Function. This instruction reads either one character 
or one line into core storage from the 1285. When 
header or full-line correction information is entered 
from the keyboard, characters are transmitted in 
single-character mode, one character for each read 
instruction. The character is entered in the core
storage location specified by the B-address and the 
operation is terminated. Assuming the operator keys 
in information from left to right, the B-address of 
this instruction should be modified by + 1 for each 
subsequent read operation, by a subroutine. Such a 
subroutine is necessary because of the single-char
acter transmission from the keyboard to core in 
these modes. The subroutine should be entered when 
the reader first becomes ready (branch on indicator 
7). Wait loops for characters (indicator 5) should 
include repeated tests for Reader Ready (7), for 
Ready to Read a line (6, indicating the end of data 
input for the subroutine), and for Reader Error (1, 
indicating operator Cancel Enter). If Reader Error 
occurs in this subroutine, it is advisable to notify 
the operator through a printout or coded halt, and 
to re-initialize the subroutine. The subroutine should 
also be entered after giving a Set Correction Mode 
instruction to begin Full-Line Correction or to han
dle re-entry of Header or Full-Line Correction data 
for verification. 

When data is read from the journal tape, charac
ters are transmitted in line mode, one line of infor
mation for each read instruction. The line is read 
from right to left, with the first character being read 
into the core-storage location specified by the B-ad
dress. The contents of the B-address register are 
automatically modified by -1 before transferring 
each subsequent character. 

A character entered from the keyboard for single
character on-line correction is handled in the same 
manner as one-read from the tape in this line-reading 
mode~ 

I A line read operation is normally terminated when 
the reader senses the left margin of the tape. When 
this occurs, a group mark is automatically inserted in 
the core-storage position to the left of the last char
acter read, and the end-of-line indicator is turned on. 
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If a group mark with word mark is detected in core 
storage before reading the last character of the line, 
the read operation is terminated and the end-oF-line 
branch indicator is not turned on. 

A read operation is also terminated if the branch 
on error indicator is set on. 

Word Marks. Word marks are not affected. A group 
mark with a word mark will terminate the read 
operation. 

Timing. See IBM 1285 Timing Considerations section. 

Address Registers After Operation. 

I-Add. Reg. A-Add. Reg. B-Add. Reg. 
NSI %51 Bp - length of line. 

or 
NSI %51 GMWM - 1 

Example: Read the 1285 keyboard and place the char
acter in the core-storage location labeled KB1285 
(0881). The enter key must be pressed after each 
character key is pressed (Figure H-IOO.1). 

Autocoder 

I Label 
OPERAND 

:'. ! : 

Assembled Instruction: !:i %Vl 881 R 

Figure H-100.1. Read IBM 1285 in Move Mode 

Read in Load Mode 

Instruction Format. 

Mnemonic Op Code 
LU L 

A-address B-address d-character 
%V1 BBB R 

Function. This instruction functions in the same man
ner as the read-in-move-mode instruction except 
that, in line reading, word marks accompany charac
ters sent from the keyboard in on-line reject correc
tion. This allows the CPU to distinguish between 
characters read from tape and characters entered 
from the keyboard. 
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Go to Next Line 

Instruction Format. 

SPS 
A 
A 

Mnemonic 
SS 
SS 
SSB 

Op Code 
K 
K 
K 

I-address 
xxx 

xxx 

d-character 
G 
G 
G 

Function. This instruction causes the reader to ad
vance to the next line. The normal procedure is to 
test the end-of-line branch indicator after a read 
instruction and, if on (indicating a valid read), to 
issue this instruction to cause the reader to begin 
scanning for the next line. If not given after a read 
operation is terminated, the next read instruction 
will reread the line. 

The next instruction executed is that specified by 
the I-address, if supplied, or the next instruction in 
sequence, if no I -address is specified. 

To accomplish line skipping, the program should 
wait for the Ready-to-Read-a-Line indicator (6) be
fore issuing the next Go To Next Line. 

Word Marks. Word marks are not affected. 

Timing. 
Go to next line: T = N (Ll + 1) ms. 
Go to next line and branch (without indexing): 

T =: N (Ll + 1) ms. 
Go to next line and branch (with indexing): 

T =: N (Ll + 2) ms. 

Address Registers After Operation. 

I-Add. Reg. A-Add. Reg. B-Add. Reg. 
Go to next line; NSI Gbb Gbb 
Go to next line and 

branch (without 
blank indexing); NSI BI 

Go to next line and 
branch (with 

NSI indexing); NSI BI 

Example. Cause the 1285 to advance to the next 
journal-tape line, and branch unconditionally to a 
subroutine labeled RDTAPE (1286) specified by the 
I-address (Figure H-100.2). 

Autocoder 

~II OPERAND 
III 3D !11 !II Ail 

Assembled Instruction: ~ S86 G 

Figure H-lOO.2. Go to Next Line and Branch 

Set Correction Mode 

Instruction Format. 

SPS 
A 
A 

Mnemonic 
SS 
SS 
SSB 

Op Code 
K 
K 
K 
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I-address 
xxx 

d-character 
e 
e 

xxx e 

Function. This instruction causes the 1285 to go into a 
line display and sets up controls for character-by
character reading from keyboard entry. If the first 
line of the tape has not yet been read, the enter light 
turns on, indicating to the operator that he should 
enter header data. If at least one line of the tape has 
been read, the reject light turns on, indicating to the 
operator that he should do a full-line correction. 

The next instruction executed is either specified 
by the I-address or the next sequential instruction (if 
no I -address is specified). 

Purposes: 
1. To call for re-entry of Header or Full-Line data if 

verification is used. 
2. To call for Full-Line Correction. This is recom

mended in the event of persistent (10 tries) Error 
indications after reading a line, or the presence of 
a reject symbol (@) entered in Single-Character 
Correction. The latter may be indicated by the 
presence of a reject symbol with a word mark in 
core storage after a Read in Load ·Mode, or the 
presence of the Reject Character in Line -(4) indi
cator when a sense switch indicates the use of on
line reject correction. 

Word Marks. Word Marks are not affected. 

Timing. 
Set correction mode: T = N (Ll + 1) ms. 
Set correction mode and branch (without indexing): 

T = N (Ll + 1) ms. 
Set correction mode and branch (with indexing): 

T = N (Ll + 2) ms. 

Address Registers After Operation. 

I-Add. Reg .. A-Add. Reg. B-Add. Reg. 
Set correction mode; NSI ebb ebb 
Set correction mode 

and branch (without 
indexing); NSI BI blank 

Set correction mode 
and bmnch (with 
indexing); NSI BI NSI 

Example. Cause the 1285 to go into line display and 
set up controls for character-by-character entry from 
keyboard (Figure H-IOO.3). 
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Autocoder 

label 

. : 

Assembled Illstruction: !.. C 

Figure H-lOO.3. Set Correction Mode 

Mark a Line 

Instruction Format. 

SPS 
A 
A 

Mnemonic 
SS 
SS 
SSB 

Op Code 
K 
K 
K 

I-address 
xxx 

xxx 

OPERAND 

:'. ~ 

d-character 
M 
M 
M 

Function. This instruction causes the line that the 
reader is on to be marked by the reject line marker. 
The line is transported to the top of the scan window 
and marked after the next GO TO NEXT LINE instruc
tion. The MARK A LINE instruction can be given at 
any time after the ready-to-read-a-line indicator is 
turned on and before the GO TO NEXT LINE instruction. 

Note: If the line is re-read (a GO TO NEXT LINE instruction is 
not given), the effect of this instruction is cancelled. 

The next instruction executed is that specified by 
the I -address, or the next sequential instruction (NSI) 
if no I -address is specified. 

Word Marks. Word Marks are not affected. 

Timing. 
Mark a line: T = N (Ll + 1) ms. 
Mark a line and branch without indexing: 

T = N (Ll + 1) ms. 
Mark a line and branch with indexing: 

T = N (Ll + 2) ms. 

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

Mark a line: NSI Mbb Mbb 
Mark a line and 

branch (without 
indexing): NSI BI blank 

Mark a line and 
branch (with 
indexing): NSI BI NSI 

Example. Cause the reader to mark the line it is now 
reading, after the next GO TO NEXT LINE instruction 
(Figure H-100.4). 
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Autocoder 

Assembled Instruction: K M 

Figure H-IOOA. Mark a Line 

Force On-Line Correction 

Instruction Format. 

SPS 
A 
A 

Mnemonic 
SS 
SS 
SSB 

Op Code 
K 
K 
K 

I-Address 
xxx 

xxx 

d-character 
F 
F 
F 

Function. This instruction causes the next line read by 
a Read Instruction to be read in On-Line Correction 
Mode, regardless of the setting of the off-line correc
tion on the 1285 Operator Panel. It allows a program 
decision to change correction mode on re-reading of 
a line. The switch light should be on (in off-line cor
rection mode) to make use of this instruction. 

The next instruction executed is that specified by 
the I-address, if supplied, or the next instruction in 
sequence, if no I-address is specified. 

Word Marks. Word Marks are not affected. 

Timing: 

Force On-Line Correction: T = N (Ll + 1) ms. 
Force On-Line Corr. & Br. (without indexing:) 

T = N (Ll + 1) ms. 
Force On-Line Corr. & Br. (with indexing:) 

T = N (Ll + 2) ms. 

Address Registers After Operation. 

Force On-Line Carr. 
Force On-Line Carr. 

(without! indexing): 

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

Force On-Line Carr. 
(with indexing): 

NSI Fbb Fbb 

NSI 

NSI 

BI 

BI 

blank 

NSI 

Example. Causes the next line read by a Read In
struction to be read in On-Line-Correction Mode 
(Figure H-100.4.l). 



Autocoder, __ .---_--r ____________ --:----:-~-

~r-~!.~~!_ra_ti~~~,-~2DL---~IOL---~I~D--~4~o __ ~~a~_AA_N~D~ 
t==: 1h :rL~-,-, -'-'--'-'--'-'-..L....L.,..L-'-............ ~----.L-.......... ~, 

Assembled Instruction: K F 

• Figure 11-100.4.1 Force On-Line Correction 

Branch if Indicator On 

Instruction Format. 
Mnemonic Op Code I-Address d-character 

SPS B B xxx d 
A BIN .. B xxx d 

Function. This instruction tests for the IBM 1285 op
erational conditions specified by the d-character. If 
the indicator is on, the next instruction is taken from 
the I-address. If off, the program goes to the next 
sequential instruction. 

I 

d-character 
1 
2 
3 
4 
5 
6 
7 
8 

Indicator 
ERHOR 

END-OF-LINE 

READER-TRANSPORTING 

REJECT CHARACTER IN LINE 

HEADER-INFORMATION 

READY-TO-READ-A-LINE 

READER-READY 

END-OF-FILE 

Indicatclrs 

Branch if Error. This indicator (d-character 1) is turned 
on if any of the following conditions exist. This indi
cator remains on until tested. 
• A process check occurs in the processing unit during a read 

operation. 
• A skew error occurs during a read operation. 
• The scanner is unable to follow a line due to extraneous 

material on the tape during a read operation. 
• A reject display exceeds the time limit. 
• A line of header or a full line of correction data (cancel

enter sequence) from the reader. 

I 

A test for this indicator should be the first instruc·· 
tion following a READ. Wait loops for Header Infor
mation (5) should also include a test for Error 
(Cancel-Enter). 

Branch if End of Line. This indicator (d-character 2) 
is turned on after the last character of a line is trans
ferred to the processing unit and the reader senses 
the left edge of the tape. If this indicator is not on 
when a read operation is completed, an error condi
tion may exist, depending on the program and the 
tape format. This indicator is turned off by the GO 

TO NEXT LINE instruction, or by rereading the same 
line. 
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Branch if Reader Transporting. This indicator (d-char
acter 3) is turned on when the transport mechanism 
is started to bring a new segment of tape over the 
scan window. It is turned off when the transport 
mechanism is stopped. Note that a minimum of 1 
millisecond elapses between execution of the GO-TO

NEXT-LINE instruction and the beginning of the trans
port operation. Also, this indicator is turned off as 
soon as the transport stops, leaving about 6 milli
seconds until the ready-to-read-a-line indicator is 
turned on. 

This indicator may be used to determine if suffi
cient time is available to execute other instructions. 
This indicator is also on when displaying a line. 

Branch if Reject Character in Line. This indicator d
character 4) is turned on if the last line read (Line 
Reading only) contains at least one reject symbol 
(@). This indicator is turned off by Go-to-Next-Line 
or by Re-read instruction (either line read or full 
line correction). 

Branch if Header Information. This indicator (d-char
acter 5) is turned on when a character of header in
formation or full-line correction is entered from the 
keyboard. It is reset for each character read by the 
program. As long as this indicator is on, the reader 
will not respond to the start key to begin processing 
the journal tape. When no more information is to be 
entered, the start key is pressed, and the ready-to
read-a-line indicator is turned on. 

Branch if Reader Ready to Read a Line. This indicator 
(d-character 6) is turned on when the reader has 
found a line and is ready to read it. The indicator is 
turned off by a go-to-next-line instruction, or by loss 
of the reader-ready condition. 

IN ote: Any wait loops testing this indicator should 
also include a test for Reader Ready (7). 

Branch if Reader Ready. This indicator (d-character 7) 
is turned on when a tape is loaded and the first line 
is found by the scanner. The indicator remains on 
until the operator runs the end of the tape through 
the transport by pressing the end-of-file key, or until 
an error occurs that requires operator intervention. 

I Any wait loops testing other indicators should in
clude a test for Reader Heady. If Reader Ready is 
lost, the End-of-File indicator (8) should be tested. 

Branch if End of File. This indicator (d-character 8) is 
turned on when the traiHng end of the roll is run 
through the transport by pressing the end-of-file key. 
The indicator is reset when another roll is loaded. 

I The test for this indicator should be executed im
mediately after the loss of the Reader Ready (7) 
indicator. 
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Word Marks. Word marks are not affected. 

Timing. 
No branch or branch without indexing: 

T = N (Ll + 1) ms. 
Branch with indexing: T = N (Ll + 2) ms. 

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

No Branch: NSI BI dbb 
Banch 

(without indexing): NSI BI blank 
Branch 

(with indexing): NSI BI NSI 

Example. Branch to a subroutine labeled G01285 
(1644) if the reader-ready indicator is on (Figure 
H-100.5). 

Autocoder 

Label OPERAND 

:5. ~ 

Assembled Instruction: Ji W44 7 

Figure H-100.5. Branch if Reader-Ready Indicator On 

IBM 1285 Timing Considerations 
The reading speed of the IBM 1285 Optical Reader 
depends upon factors which vary with individual ap
plications. The optimum reading speed when using the 
IBM 1428 character font is obtained by the following 
formula: 
Throughput 

60,000 
(lines per minute) = -----------

Where: 

47 
1.7W + 1.9S + T: + lAC 

C = characters per line 
L = lines per inch 

W = tape width in inches 
S = distance from tape edge to 

first character in inches 

With the NCR Optical Character Recognition Font, 
the optimum reading speed is found with the follow
ing formula, using the same symbols for the same 
variables: 

60,000 
(lines per minute) = ------------- ±5% 

47 
1.7W + 1.9S + L + 1.55C - 0.5 
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Note: Items that can lower the optimum calculated speed 
are: res cans, branch-1 errors, re-reads of wrong length lines, and 
line marking. Both equations pertain to calculations for con
stant line length and uniform line spacing only. 

Using the IBM 1428 character font, two examples of 
throughput are given. 

C = 10 characters per line } 
L = 4 lines per inch 

W = 2 inches 
S = 0.2 inch 

C = 4 characters per line 
L = 4 lines per inch 

W = 1~6 inches 
S = 0.1 inch 

} 

Throughput = 2030 lines per 
minute 

Throughput = 3035 lines per 
minute 

IBM 1285 Programming Techniques 

Figure H-100.6 shows how some of the IBM 1285 in
structions might be used. Figure H-100.6 is only a 
guide: the application to be performed will dictate the 
actual use of the instructions. 

Overlap Operations 

The 1285 can be operated in overlap mode if the at
tached processing unit has the process-overlap fea
ture. In this mode, processing is interrupted only long 
enough to transfer a single character into core storage, 
and then is released until the next character in the line 
has been recognized by the reader and is ready to be 
transmitted. The programming aspects of overlapped 
operations are given in this section as exceptions to 
the previous discussion of the instruction set. 

Read in Overlap Mode 

To read in overlap mode, code the A-address field with 
(ruVI (instead of the % VI used for a nonoverlapped 
read). Processing is interrupted to transfer each char
acter, and then released until the next character is 
ready to be transferred. 

Go to Next Line 

This instruction can be used to terminate an over
lapped read operation. In this case, the error indicator 
is turned on and the reader advances to the nei(t line. 



Set Correction Mode 

I 

This instruction can be used to terminate an over
lapped read operation before it is complete if it is 
known that full-line correction will be necessary. The 
error indicator is turned on. 

Branch if Error 

This indicator is turned on if an overlapped read oper
ation is terminated by a GO TO NEXT LINE or set
correctJlon-mode instruction. 

Note: Thi.s type of operation may be deliberate and not 
actually an error condition. For example, a program might be 
processing only those lines with a particular code in the low
order position. Processing is released after the first character is 
read, allowing the program to test to sec if the read is to be 
continued. If not, the program can go to the next line, ignoring 
the error indicator. (The error indicator should still be tested in 
order to reset it.) 
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Reader 
Ready 

Header 
Information 
Complete 

NOTES: 1. This chart illustrates possible uses of IBM 1285 instructions. 
Actual use of these instructions is appl ication-dependent. 

2. In the event of a solid error (ten tries of the line), the 
programmer might elect to mark that line and skip to the next 
one, or to go to a full-line correction entry. For the latter, 
do a set correction mode and branch to a routine similar to 
the header routine. 

Figure H-100.6. IBM 1285 Programming Schematic 
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Lost 
Reader 
Ready 

OK 

Go to 
Next Line 

Reader 
Ready 



READER'S SURVEY FORM 

IBM 1401/1460 Data Processing System 
Miscellaneous Input/Output Instructions (Form A24-3068-l) 

• Is the material: 
Easy to read? 
Well organized? 
Fully covered? 
Clearly explained? 
Well illustrated? 

Yes 

D 
D 
D 
o 
o 

• How did you use this publication? 

Satisfactory 

o 
o 
D 
o 
o 

As an introduction to the subject 0 
For additional knowledge of the subject 0 

• Which of the following terms best describes your job? 
Customer Personnel IBAI Personnel 

Manager D Customer Engineer 0 
Systems Analyst 0 Instructor 0 
Operator D Sales Representative 0 
Programmer 0 Systems Engineer 0 
Trainee 0 Trainee 0 
Other Other -------

• Check specific comment (if any) and explain in the space below: 

(Give page number) 

No 

o 
o 
D 
o 
o 

o Suggested Change ( Page 0 Suggested Addition ( Page ) 
D Error (Page ) 0 Suggested Deletion ( Page ) 

Explanation: 

Space is available on the other side of this page for additional comments. 
Thank you for your cooperation. 
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