
2. DA Relds or subRelds whose parameters exceed the 
record length size speciRed in the header. 

3. Instructions whose A-operand is followed by a 
comma, but which contain no B-operand. 

4. Symbolic addresses greater than six characters. In 
this case, the operand in error is marked undeRned. 
A common cause of this error is a missing comma 
between operands. This case will cause the proc­
essor to treat the entire ReId as the A-operand. 

5. A CTL card punched in column 21, but unpunched 
in column 22. 
Statements which contain the error message and are 

unprocessed include: 
1. Alphameric literals or constants that have no ending 

@ sign. 

2. A control card with illegal codes. 

3. An area-deRning DCW (for example, Dew # 53) whose 
length exceeds 52. 

4. An operand which apparently extends beyond col­
umn 72. 

5. A constant whose length is zero (for example, Dew 
@@). 

6. A DA ReId whose low-order location is specified as 
being a lower value than its high-order limit (for 
example, 20, 19). 

Condensed Assembled Program Deck 

The first three cards of the object program deck are 
generated by the processor. Two clear core storage 
cards clear all of core storage, and a bootstrap card 
sets word marks in the read area before the object 
program is loaded. 

The remainder of the cards contain assembled pro­
gram instructions and load instructions in condensed 
card format. There may be as many as seven instruc­
tions or constants on each card. The card format is: 
CARD 

CoLUMNS CONTENTS 

1-39 The data (instructions or constants) to be loaded 
into storage. 

40-46 Load instruction; instructions necessary to load the 
data into storage. 

47-67 Three 7-character set-word-mark instructions (or 
one clear-word-mark and two set-word-mark instruc­
tions for cards containing DC'S)' These instructions 
set the word marks that define the separate fields 
in the block of storage being loaded. 

68-71 1040. This is an instruction which will cause the 
1401 to read a card and branch to location 040. 

72-75 Card Number. The card deck, beginning with the 
first clear storage card, is numbered sequentially in 
these columns. 

76-80 Identification. The identification in columns 76-80 
of the JOB card appears in all cards in the con­
densed deck. Each new JOB card resets the iden­
tification of the condensed deck. 

The assembled deck is selected to the NP stacker. 

Loadable Tape 

\"hen requested, the processor writes the object pro­
gram on Tape 6 in a format which makes it possible to 
load the program from tape using the tape-load key. 
The four high-order characters of the identification in 
the JOB card are placed in every tape record. The 
loader and tape area are in locations 001-080. Positions 
076-079 will contain the four-character identification 
in each record. Position 080 contains a group mark 
with a word mark. 

The first tape record is a clear storage routine. The 
second record is a bootstrap record, which, when read, 
appears as follows (omitting identification): 

Characters 
Core Storage 
Positions 

1!%U1B.:.1%U1020R!!OOlL.,:.020 
t t t t 

001 007 015 020 

Subsequent records are read into location 020 and con­
tain the data (one instruction or constant per record) 
to be loaded. The format is as follows: 

Characters L X X X X X Xl'::! 0 0 O!! 007 (- ... Data. .. ) 
Core Storage t t t t t 
Positions 020 Or 031 035 066 

g X XX (DC only) 
Constants with a high-order group mark have a dif­
ferent format: 

...1. 043 b X X X X X Xg 0 4 3 0 4 3 �~� 007 _ ($ ... Data. .. ) 

t t t t t t 
020 024 031 035 043 075 

.l-
X X X (DC only) 

An assembled execute statement record (EX, XFR) is 
as follows: 

Characters 
Core Storage 
Positions 

NOOOOOO]XXX 
t t t 

020 027 031 

Following the execute record is a new bootstrap 
record which begins in location 001. 

An assembled END statement record is as follows: 

Characters 
Core Storage 
Positions 

.LXXX080_ 
t t 

020 027 

Resequenced Source Deck 

If requested, the processor will punch a new rese­
quenced source deck (selected to stacker 4). All state­
ments are in Autocoder format (free-form) and the 
sequencing starts with 0101 in columns 1-4 of the first 
source program card. If another assembly is made 
from the resequenced source deck, the page and line 
number on the listing is in sequential order, agreeing 
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with the cards. On the listing there are no page and 
line numbers assigned to statements generated by a 
macro instruction, but these statements have sequence 
numbers. 

Listing Tape 

If there is a fifth tape available (Tape 3), it is possible 
to obtain the assembly listing and condensed cards on 
tape for postponed output. Because this tape is not re­
wound before or after program assembly, it is possible 
to stack output from many assemblies. 

Additional listings can be printed from the tape by 
using the IBM 1401 Tape-to-Printer Utility Program 
(1401-UT-026) with the following control card: 

CARD 

COLUMNS CONTENTS 

1-10 0133001132 
11-20 blank 
21-23 111 
24-53 blank 
54-66 0100021320011 
67-79 blank 
80 1 

The condensed cards can be punched from this tape 
using the IBM Tape-to-Card Utility Program (1401-UT-
028) with the following control card: 
CARD 

COLUMNS CONTENTS 

1-7 0081001 
8-16 blank 
17-30 1&120001&20001 
31-41 blank 
42 3 
43-58 blank 
59-70 018000020101 
71-80 blank 

When retrieving the listing or condensed cards, mount 
the listing tape on Tape Unit 3. For additional infor­
mation about the 1401 Tape Utility programs, refer to 
the SRL publication, IBM 1401/1460 Bibliography, 
Form A24-1495, which lists the publication for these 
programs. 

System Halts and/or Messages - Program Assembly 

Figure 101 constitutes a listing, by phase, of the halts 
and/or messages that can occur during the assembly 
run. The information given for each halt consists of: 

1. the B-address that can be displayed on the 1401 
console when the halt occurs. 

2. the message associated with the halt and/or the 
reason for the halt. (A printed message can occur 
without a machine halt.) 

3. the procedures to be followed by the operator. 

TAPE-REDU:\DA:\CY PROCEDURES 

There are standard restart procedures for tape read or 
write error halts which may occur during program 
assembly (and/or the librarian run). When a tape­
redundancy halt occurs, pressing the B-address regis­
ter key will display the contents of the B-address 
register in the storage-address display lights. 

The thousands and hundreds positions of the storage­
address lights represents the pass in which the redun­
dancy occlirred. The tens position will note whether 
it is a read or a write redundancy (6 will be displayed 
for a write redundancy; 9 for a read redundancy). The 
units position shows the tape unit on which the re­
dundancy occurred. 

For example, if 0466 is displayed from the B-address 
register, there is a write redundancy (6) on tape 6 (6) 
in Pass 4 (04). NOTE: Exceptions to this B-address 
convention for tape-redundancy halts occur under spe­
cial conditions (see Figures 98 and 101). 

Read Redundancy. If an error occurs during a 
tape read operation, the processor attempts to read the 
tape an additional ten times. If still unsuccessful, the 
machine halts at one of the B-addresses for read-re­
dundancy errors given in Figure 98 or 101. After the 
halt occurs. 

1. Turn 0;-'; Sense Switch E and press the start key to 
retry the read operation an additional 10 times. 

2. If the same halt occurs again, turn OFF Sense Switch 
E. Set tape-select switch to D, and press the start 
key. 

3. A halt will occur at the B-address given for the 
second tape read redundancy (Figure 98 or 101). 
Find the contents of the I-address register at this 
halt. Scan storage for incorrect characters and cor­
rect if possible. Set the tape-select switch back to 
N, set the I-address to the contents when the halt 
occurred, and press the start key to process record. 

4. If the error was not corrected, restart the assembly 
run (or librarian run). After Pass 3 has been suc­
cessfully completed, a reassembly run without al­
terations can be performed instead of restarting 
the assembly run from the beginning, unless the 
error occurred on Tape 4. 

'Write Redundancy. If an error occurs during a tape­
write operation, the processor attempts to rewrite the 
record on successive portions of tape, skipping and 
blanking tape between writes. If in anyone pass of 
the processor the redundancy procedure accumulates 
fifty skips (in either one, or a series of tape-write op­
erations), the machine halts at one of the B-addresses 
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Pass B-Address Message and/or Reason Procedure 

1 0111 Second tape read redundancy halt. Nate the contents of the I-address register. 
Follow tape read redundancy procedure, given in 
the text,starting with step 3. 

1 0165 Write redundancy Tape 5. Follow the procedure given in the text for tape 
wr ite redundancy. 

1 0166 Write redundancy, Tape 6. Same as the precedi ng item. 

1 0191 Read redundancy, Tape 1. Follow step 1 only of the tape read redundancy 
procedure. If halt re-occurs, restart with another 
system tape. 

1 0195 Read redundancy, Tape 5. Follow the tape read redundancy procedure. 

1 0199 Read redundancy, Tape 1. Occurs in Selection Rewind system tape and press tape-load key again. 
Program when tape-load key is pressed. If halt re-occurs, try another system tape or 

tape unit. 

2 0201 Second tape read redundancy ha It. Note the contents of the I-address register. 
Follow the tape read redundancy procedure, 
starting with step 3. 

2 0265 Write redundancy, Tape 5. Follow tape write redundancy procedure. 

2 0266 Write redundancy, Tape 6. Same as the preceding item. 

2 0288 Read redundancy, Tape l,in overlay program PreSS the start key to retry the read operation once 
segment. If unsuccessful after ten or so attempts, restart the 

assembly run with another system tape. 

2 0291 Read redundancy, Tape 1. Follow step 1 only of the tape read redundancy 
procedure. If halt re-occurs, restart the assembly 
run with another system tope. 

2 0294 Read redundancy, Tape 4. Follow the tape read redundancy procedure. 

2 0295 Read redundancy, Tape 5. Same as the precedi ng item. 

3 0301 Indicates that the record be ing processed is coded Restart assembly run. 
by the processor with an inval id statement type 

3 0302 Second tape read redundancy halt. Note the contents of the I-address register. 
Follow the tape read redundancy procedure, 
starting with step 3. 

3 0364 Write redundancy, Tape 4. Follow the tape write redundancy procedure. 

3 0391 Read redundancy I Tape 1. Follow step 1 only of the tape read redundancy 
procedure. If halt re-Occurs, restart the assembly 
run with another system tape. 

3 0395 Read redundancy, Tape 5. Follow tape read redundancy procedure. 

3 0396 Read redundancy, Tape 6. Same as the precedi ng item. 

3 No Halt. PROCESSING AS FIXED FORM RECORD - Check the sourCe deck later and insert correct 
Message printed when the proceSsor encounters a ENT card{s). 
statement which is not in acceptable Autocoder 
free-form format and there has not been a 
preceding Enter (ENT) SPS statement. 
The statement is processed and mayor may not 
be assembled correctly. 

3 No Halt. INCORRECT PROCESSOR MACHINE SIZE Correct the CTl card if performing another 
SPECIFIED - Message printed if the size of the assembly. 
processor machine specified in column 21 of the 
CTl card is larger than the machine actually used. 
In this case the processor assumes a 4k machine. 

Figure 101. System Halts and lor Messages - Program Assembly (part 1 of 3) 
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Pass B-Address Message and/or Reason Procedure 

3 No Halt. ACTUAL OP CODES PRESENT IN FIXED FORM Check the source deck and insert correct E NT 
IMAGES - Message printed when the processor card(s) if necessary. 
is handling SPS fixed-farm statements and encount-
ers an actual operation code (which was punched 
in column 16 of the source program card). 
Because SPS a lIaws the coding of actua I machine 
op cades, the statement may be valid and the 
processing of this statement may be correct. 

However, th is message warns the operator 
in case the punch in column 16 is the first 
character in an Autocoder mnemonic operation 
code and an Enter (E NT) Autocoder card is 
missing. 

3 NaHalt. PASS 3 COMPLETED - Message printed at the end 
of the pass to indicate that Tape Unit 4 now 
contains the source program in free-form in condi-
tion for a reassembly run. (See Reassembl)' Run). 

4 0401 Second tape read redundancy ha It. Note the contents of the I-address register. 
Follow the tape read redundancy procedure, 
starting with step 3. 

4 0402 Indicates that the record being processed is coded Restart assembly run. 
by the processor with an invalid statement type. 

4 0465 Write redundancy, Tape 5. Follow the tape write redundancy procedure. 

4 0491 Read redundancy, Tape 1. Follow step 1 only of the tape read redundancy 
procedure. If halt re-occurs, restart assembly 
run with another system tape. 

4 0494 Read redundancy, Tape 4. Follow the tape read redundancy procedure. 

5 0511 Second tape read redundancy halt. Note the contents of the I-address register. 
Follow the tape read redundancy procedure, 
starting with step 3. 

5 0566 Write redundancy, Tape 6. Follow the tape write redundancy procedure. 

5 0591 Read redundancy, Tape 1. Follow step 1 only of the read redundancy 
procedure. If halt re-occurs, restart the 
assembly run with another system tape. 

5 0595 Read redundancy, Tape 5. Follow the tape read redundancy procedure. 

6 0611 Second tape read redundancy ha It. Note contents of the I-address register. Follow 
the tape read redundancy procedure starting '-with step 3. 

6 0612 Second tape read redundancy halt in overlay which Same as the preceding item. 
prints symbol table 

6 0665 Wri te redundancy, Tape 5. Follow the tape write redundancy procedure. 

6 0691 Read redundancy, Tape 1. Follow step 1 only of the tape read redundancy 
procedure. If halt re-occurs, restart 
assembly run with another system tape. 

6 0696 Read redundancy, Tape 6. Follow the tape read redundancy procedure. 

7 0711 Second tape read redundancy halt during Note the contents of the I-address register. 
initialization phase of Pass 7. Follow the tape read redundancy procedure, 

starting with step 3. 

7 0712 Second tape read redundancy halt in the main-line Same as the preceding item. 
section of Pass 7. 

7 0763 Write redundancy, Tape 3. Follow the tape write redundancy procedure. 

7 0766 Write redundancy, Tape 6. Same as the preceding item. 

Figure 101. System Halts and/or Messages - Program Assembly (part 2 of 3) 
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Pass B-Address Message and/or Reason Procedure 

7 0770 Indicates that a record being processed is coded Restart assembly run. 
by the processor with an inval id statement type. 

7 0777 Occurs when sequence numbers on input Tapes 4 and Restart assembly run. 
5 do not match. 

7 0791 Read redundancy, Tape 1. Follow step 1 only of the tape read redundancy 
procedure. If halt re-occurs,restart assembly 
run with another system tape. 

7 0794 Read redundancy, Tape 4. Follow the tape read redundancy procedure. 

7 0795 Read redundancy, Tape 5. Same as the preceding item. 

7 No Halt. NO CONTROL CARD - Message printed in Other output options may be specified by the 
place of the missing statement on the I isting if a programmer at the end of assembly. (See 
control (CTL) card has not been ploced in the Program Assembly.) 
source deck. The processor assumes that both the 
processing and object machine are 4k (without 
Modify Address) without the Read-Punch Release 
Special Feature. Only a assembly listing with 
diagnostic messages will be provided by the 
processor. 

7 No Halt. OBJECT CORE EXCEEDED - Message printed 
on the last page of the listing if the object 
program exceeds the core size specified in column 
22 of the CTL card. 

8 0811 Second tape read redundancy ha It. Note the contents of the I-address register. 
Follow the tape read redundancy procedure, 
starting with step 3. 

8 0812 Second tape read redundancy halt after attempting Same as the preceding item. 
to read Pass 7 when additional output is requested. 

8 0866 Write redundancy, Tape 6. Follow the tape write redundancy procedure. 

8 0880 END OF ASSEMBLY - Message printed with extra Select extra output options, if desired, and 
output options and instructions after completion of press the start key. If no extra output is desired, 
assembly. (See Pr~ram Assembly.) press the start key. 

8 0889 END OF JOB - This and other end-of-job messages 
are printed and the tapes (except the listing tape, 
if used) are rewound by the processor. 

8 0891 Read redundancy, Tape 1. Follow step 1 only of the tape read redundancy 
procedure. If halt re-occurs, restart the 
assembly run with another system tape. 

8 0894 Read redundancy, Tape 4. Follow the tape read redundancy procedure. 

8 0895 Read redundancy, Tape 5. Same as the preceding item. 

Figure 101. System Halts and/or Messages - Program Assembly (part 3 of 3) 
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for write-redundancy errors given in Figure 98 or 10l. 
After the halt occurs, 

1. Press the start key to retry write operation an addi­
tional 50 times. 

2. If the machine halts at the same address, replace 
the tape in error and restart the assembly run (or 
librarian run). (After Pass 3 has been successfully 
completed, a reassembly run without alterations can 
be performed instead of restarting the assembly 
run from the beginning.) 

RETRIEVIXG ASSEMBLY OUTPUT 

If the processor is interrupted while generating output 
in Pass 7 or 8 (for example, while printing assembly 
listing, punching condensed deck, writing loadable 
tape, etc.) the output passes can be retrieved without 
having to restart the assembly run. 

1. Rewind the system tape on Tape Unit l. 

2. Turn O;\l Sense Switches F and C. 

3. Press the tape-load key. A halt will occur at B-ad­
dress 0880 (end-of-assembly halt) after the extra 
output option messages are printed. 

4. Select desired output by setting sense switches and 
press the start key. 

Reassembly Run 

If Pass 3 of the original assembly has been successfully 
completed, a considerable amount of time may be 
saved when reassembling an object program (with or 
without alterations) by using tape 4, which contains 
(after Pass 3) the source program statements in free­
form with assigned sequence numbers. 

Reassembly Without Alterations. If a system halt 
that requires restarting the assembly run occurs after 
Pass 3 of the assembly, the operator can save time by 
reassembling using Tape 4 instead of the original 
source program on cards (or tape). 

Reassembly With Alterations. After the original as­
sembly has been completed, it is possible to alter and 
reassemble the program by using ALTER cards and 
Tape 4. During assembly, each statement that can 
be altered by an ALTER entry is assigned a sequence 
number which is listed in the first column of the as­
sembly listing. These sequence numbers are used in 
ALTER entries to add, delete, or substitute instructions 
in proper places in the source program. 

This method permits alteration of the program 
without recompiling the macro statements which were 
processed in the initial assembly, unless the macro 
statements are also being altered. Note that: 

1. Only those statements with sequence numbers can 
be altered. 

2. Alteration to a CA.LL or IXCLD macro statement does 
not automatically alter the referenced subroutine. 

3. If a macro-statement is altered, the generated in­
structions will be recompiled. 

4. If lacs macro-instructions are altered, the lacs 
routines will be recompiled only if Sense-Switch C 
is 0:'\. (See subsequent reassembly instructions.) 

5. If a macro-generated statement (laCS or Auto­
coder) is altered, the entire macro routine is not re­
processed. 

6. If LTORG or EX statements are added or deleted, 
closed subroutines are not rearranged due to this 
change. 

To reassemble the object program: 

1. ~Iount the system tape on Tape Unit 1. This tape 
must be rewound before starting, but the other 
tapes (4, 5, and 6) are rewound by the processor. 

2. Ready the Tape 4 output from the original assembly 
on the same tape unit. 

3. Mount working tapes on Tape Units 5 and 6. 

4. Mount a fifth tape on Tape Unit 3 if a listing tape 
is to be generated. 

If reassembling without alterations: 

5. Turn 0:'\ Sense Switches A, B, and C. 

6. Press the check-reset, start-reset, and tape-load 
keys. After this, follow steps 5 through 8 of the as­
sembly run. (See Program Assembly.) 

If reassembling with alterations: 

5. Place the ALTER cards (in sequential order by state­
ment numbers) in the card reader. 

6. Turn 0:'\ Sense Switches A and B. If lacs state­
ments are to be regenerated also, turn ON Sense 
Switch C. 

7. Turn 0:'\ the I/O check-stop switch. 

8. Press the check-reset, start reset, and tape-load keys. 
After this, follow steps 8 through 10 of the assem­
bly run. (See Program Assembly.) 
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Patching the Object Program 
Correcting or revising an assembled program is accom­
plished through a procedure known as patching. Patch­
ing makes it possible for the programmer to change 
the condensed object-program deck without reas­
sembling. 

Two methods are used in patching: 

1. The user duplicates the condensed card, substitut­
ing the correct information where needed. The cor­
rected card is then placed in the proper location 
within the condensed deck before loading the object 
program. (The condensed deck is numbered sequen­
tially in columns 72-75, and the card number for all 
data appears in the listing on the same line as the 
data.) This method is often used to substitute cor­
rect equal-length information (for example, ad­
dresses, d-characters) on a condensed program card. 

2. The correct information is loaded into storage after 
the original object program has been loaded, over­
laying part of the original object program. The user 
punches patch card(s) and places them just before 
the assembled END, XFR, or EX card in the object 
program or program segment to which the patch 
applies. (Check the listing for card number of the 
END, XFR, or EX assembled instruction.) 
A patch card is punched in the following format: 

CARD 

COLUMNS CONTENTS 

1-39 The data, machine-language instmction(s) or con­
stant(s), to be loaded into storage. The information 
must be left-justified in this field. 

40-46 A load instmction which loads the above data into 
storage with a high-order word mark. 

47-53 If the data should not have a high-order word mark, 
this field contains a seven-character clear-word-mark 
instmction. If the high-order word mark is to be left 
in storage, this field contains: 

Card 
Columns G) 

1. A set-word-mark instruction. If two or more in­
stmctions have been loaded, into storage, a word 
mark must be set for each instruction, or: 

2. A NOP instmction (t:{OOOOOO), if additional word 
marks are not needed. 

® 19 40 @ 

CAHD 

COLUMNS CONTENTS 

54-60) These fields contain set-word-mark or NOP instmc-

61-67 tions, (See preceding paragraph.) 

68-71 1040. An instmction which causes the 1401 to read 
a card and branch to location 040, which is the 
address of the next load instmction or an execute 
instmction. 

72-75 

76-80 

Card number 

Program identification 

EXAMPLE: Suppose that a programmer wishes to 
insert a MOVE (M 523201) instruction in his assembled 
program after a 7 -character add instruction (~ 430 523) 
whose high-order location is 629. This patch involves 
changing the add instruction to an unconditional 
branch to an area which will contain instructions to 
add, move, and branch back to the next instruction in 
the program. Suppose the high order of this patch 
area is 800. 

If the second method of patching is used, two patch 
cards are needed (Figure 102): 

The three NOP instructions, which are loaded into 
positions 633, 634, and 818 of core storage, are used so 
that word marks are set after the unconditional 
branches. 

After the patch cards are loaded, core-storage loca­
tions 629-635 will contain: 

12 8 0 0 
t 

629 

I\ext 
N. N. 3 I!Uitr 
t t t t 

633 634 635 636 

The 1\'3 becomes a two-character NOp instruction. 

The patch area (core-storage locations 800-818) will 
contain 

A430523M523201B636 
t T t 

800 807 814 

The two patch cards are placed in the object deck 
(before the assembled E:\,D, XFR, or EX card) before load­
ing the object program. 

® @ 72 

B 8 0 0 NN B L006634,633634NOOOOOONOOOOOO 1040 

L 
A 
N 
K 

A4 3 0 5 23M 5 2 3 2 0 1 B 6 3 6 N 

Figure 102. Patch Card Sample 

L 019818,807814,818818 N 00 000 0 1040 

Card 
Number Ident. 
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Running the Object Program 
To run the object program: 

If the wagram is on cards, 

1. Place the condensed deck in the card reader. (If 
for any reason the user does not wish to clear stor­
age before loading the object program, remove the 
first two cards from the deck. These are the clear 
storage cards generated by the processor.) 

2. Turn 0;-'; the I/O check-stop switch and sense 
switc;hes as needed by the program. 

3. Press the check-reset, start-reset, and load keys. 

If the program is on loadable tape, 

1. Mount the program tape on Tape Unit 1. 

2. Turn 0:\ the I/O check-stop switch and sense 
switches as needed by the program. 

3. Press the check-reset, start-reset, and tape-load keys. 

If the output of the assembly was on a listing tape, 
the condensed card deck can be punched from the 
tape using the utility program described in Listing 
Tape. Run the object program using the preceding 
instruction for a condensed deck. 
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