






























































































































































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 ENT
IMAGES — Message printed when the processor card(s) if necessary.
is handling SPS fixed-form statements and encount-
ers an actual operation code (which was punched
in column 16 of the source program card).
Because SPS allows the coding of actual machine
op codes, the statement may be valid and the
processing of this statement may be correct.
However, this message warns the operator
in case the punch in column 16 is the first
character in an Autocoder mnemonic operation
code and an Enter (ENT) Autocoder card is
missing..
3 No Halt. 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 Reassembly Run).
4 0401 Second tape read redundancy halt. Note the contents of the l-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 |-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 halt. 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 overiay which Same as the preceding item.
prints symbol table
6 0665 Write 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.
é 0696 Read redundancy, Tape 6. Follow the tape read redundancy procedure .
7 0711 Second tape read redundancy hait 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.
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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 invalid 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 spec;ified by the
place of the missing statement on the listing if a programmer at the end of assembly. (See
control (CTL) card has not been placed 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 halt. Note the contents of the |-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 Program 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 101.
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.)

RETRIEVING ASSEMBLY OUTPUT

If the processor is interrupted while gencrating 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 tépc on Tape Unit 1.
2. Turn o~ Sense Switches F and G.

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 ArLTER 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.

1o

Alteration to a caLL or INCLD 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 TOCS macro-instructions are altered, the IOCS
routines will be recompiled only if Sense-Switch G
is ox. (See subsequent reassembly instructions.)

5. If a macro-generated statement (IOCS 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. Mount 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 ox 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 ox Sense Switches A and B. If IOCS state-
ments are to be regenerated also, turn oN Sense
Switch G.

7. Turn ox the I/0 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 cxample, 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 Enp, 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:

Carp
CoLumns CONTENTS

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

40-46 A load instruction 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
instruction. If the high-order word mark is to be left
in storage, this ficld contains:

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

2. A Nor instruction (NO00000), if additional word
marks are not needed.

Card
Columns (1) ® O ®
B80O0ONN BL006634,6
L
A
N
K

A4 3 0523M523201B636N

Figure 102. Patch Card Sample

CARrD

CorLumns CONTENTS

54—60} These fields contain set-word-mark or NoP instruc-

61-67 / tions. (Sce preceding paragraph.)

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

72-75 Card number

76-80  Program identification

ExampLE: Suppose that a programmer wishes to
insert a Move (M 523 201) instruction in his assembled
program after a 7-character add instruction (A 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
arca is 800.

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

The thrce ~or 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:

Next

B 8 0 0 N N 3 Instr

T 1T 11
633 634 635 636
The N3 becomes a two-character Nop instruction.

The patch area (core-storage locations 800-818) will
contain
A430523M523201B636
T
807

T il
800 814

The two patch cards are placed in the object deck

(before the assembled Exp, XFR, or Ex card) before load-
ing the object program.

)

33634N0O0O0OO0OO0OON0O0O000O0T1040

Card

Number Ident. .

LO19818,807814,818818N00000O01040
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Running the Object Program
To run the object program:
If the program 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 gencrated by the processor.)

2. Turn ox the I/O check-stop switch and sense
switches 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 ox the I/0 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.

58  Autocoder (on Tape) Specs. and Op. Proc. IBM 1401 and 1460



Actual Address
Adding Library Routines .
Address Adjustment
Address Constants .......
AdAress TYPES .uvcvevrvirrveierieneneneresesserssrecinens
Allowable Blanks in Autocoder Statements .
Alphameric Constants
Alphameric Literals ....
ALTER-AHET oovvvereiiiiiceiienn,
Altering the Object Program .
Area-Defining Literals .............
Area-Definition Statements ............coone.
Assembly Listing (with Error Codes) ....
Asterisk Operand
Autocoder Listing Format ..
Autocoder Output ........oeevenns
Autocoder Phases .....
Autocoder Programming System ..
Autocoder Transmittal Tape

w9, 10, 13, 14,
.................... 13,

Blank Operand
Blank Constants
Blocking
Bootstrap Card
Bootstrap Record, Loadable Tape
Branch Instructions

CALL MACTO iiiiviiiiiiniiintceieisrssses et ssn e sresssnssnnassanne e
Call Routines ........ceeevrvivverennnne
Card Overlay Library Routine ....
CHAIN Macro ......ccoevvirceennnne,

Change Cards .......cceerevernnne
Clear Core-Storage €Cards .......oovvvreereeenernnennnnnns
Clear Core-Storage Routine, Loadable Tape
Coding Sheet ...........
Collating Sequence .
COMMENES vevveerirerrerreririrreseerieriresressessresens
Condensed Assembled Program Deck ..
Constants
Conversion of SPS Statements
Copying the System Tape .....
cTL — Control Card

d-Character
pA — Define Area
pc — Define Constant (No Word Mark) ..........
pcw — Define Constant with Word Mark ......
Declarative Operations
DELETE —- Delete
Deleting Library Routines ...........
Disk Input/Output Instructions ....
Displaying the Library ...............
ps — Define Symbol .....cccceeennn.
psA — Define Symbol Address ......cccvvinvennirnnnnininnn.

END — End Card .....ccoovvvvvoinninninrcninesnennnnnessnseenisnnessennes
ENT — Enter New Coding Mode .. .
EQU — Equate
Error Codes, Assembly Listing ...........

EX — EXECULE iiviiiiiiiieiinciniiininesniisnisecnninesssessnessssssnsensenes

.......................................................

..............................................................

..................................

.......................................

.....................................................................

BM-Supplied Macros
Identification
Imperative Operations

Index

INCLD MACTO vviiviieriveeniiesreesveniieesneesnessssessssssiasssssssssesssesssnaes 34
Index LOCAtioNnS ....coovvvvivverereereoninnierennesssssisssesssnmsmennnessesions 13
Indexing ......ccoovveennen, 9, 10, 13, 16, 19
Indexing (DA EDLTY) .oviivcinrecininrennineesemennsiseiiaisnes 17
Input/Output Devices, Auxiliary ..........cooiviiminniieniinen 39
BINE) 0133 R 5o 1T o S TP 38
Instruction Statements ..........ccceveevvivineecirieenroreensinnensinneens 6, 9
JOB ~—JOb Card ..cccoviiriienenienriionnenieisennesenesnanenneseesessees 21
Label oo e
Librarian Run ....

Library ....coceeennne

Library Entry ..
Line Number ..

Listing Tape .....cccocvvvviiiiiinnenniiniccricnniee e
Literal  civvivveinininieneninnen e e
Loadable Tape

Loader ....ccoovvinerrenrenenns

LTORG — Literal Origin .....c.ocvevieveninceninnninnnienenennnnnsosen, 24
MA MACIO .ooivriiiiiiierii i e 43, 44
MA Macro — Modify Address ..., 37
Machine Language ........ccccoenne 5 6
Machine-Language Coding ......coceresrivierisrenriniinenesnnioreoresnens 39
Machine Requirements ..........cccvveerecrenienserseinerssienionsessssassees 5
Macro INStructions .......ccuvececeeninneennreneesnenirnemee e 31
Macro Operations ..., 27
MaCTO PrOCESSINE .veeevvvriiivrreeisiineenrerneeriinerersnneenimminmmiressessesens 34
Macro System .....c.cecceveveevevienens 5, 27
Maximum Number of Labels ....c.cooviiricisiiniineneniciinonnn, 49
Messages During Updating Program .........c.ccecvevenicrisnsnnnne 45
Mnemonic Operation Codes .............. 5, 6, 9, 20
Model Statements .......ccvervevveronenererniononenieesin 27, 28
Modify Address Feature ... 22, 37
Modify Address Library Routing ........c.coeieremevireisenns 43, 44
Modifying Library Routines ........cccooveverrveversnverenns e 44
Numeric Constants ..., 14
Numeric Literals .......cvveeerniinrinnninnneniesneeenmeeeen 10
OPerand ......coeervviirrnnininiirnesniisee e sreens 5 9
OPETAION  .iivciiiiiiiriciiieinie s sersre e eessere s e e s e s ssessanassnes 9
ORG — OFIZIN  1ivveveveenrenrenrenenensinineseessnseesessannesnersesssnersarse 22
OVLAY MACIO .cvvveivirrrveninennirnnecsninns . 43, 44
ovLAY Macro — Card Overlay .... 36
Page NUMDET .vivvvvveinrivniireresinisenniieoreseneeseessesinesnessesesnsnenses 9
Parameters ....ccceoneicneenineeinnionenneinnnen , 31
Pass 1. Selection Program and Librarian ..........eeeeen. 47
Pass 2. Input, IOCS Processor, and Macro Phase .......... 47
Pass 3. Translator Phase ... 48
Pass 4. Relative Addressing Phase .......cccoveveverencennresennnns 48
Pass 5. Label Phase ......cecviveveiiniinininnnnionnnaenenn, 48
Pass 6. Operand Phase .......oveiiimeemmnneen 48
Pass 7. Listing and Condensed Cards Phase .......c.cooeevennns 48
Pass 8. Loadable Tape and New Source Deck Phase ........ 48
Patching Example .....cccvvvviinniimeriesinnmrsionennenn 57
Patching the Object Program .......c.cocoviininiinenesesisensiennns 57
Pre-System RUn .....ccoeviiiivieeennininennnnenniesnesionnimsesneninesnnnee 42
PRINT — Print Library Routine ..........coinnienernininininne 38
Processing OVerlap ......cvccviverinicnnnineireereseorenmnsesenereeens 40
Processor Control Operations .. 6, 21
Processor Program .......cccovireeervverercreerssneisensessinisessssnresssnnes 5, 6
Program ASSemblY ........cccvvcvrniernienineiennieisnsnensnsnnnens 47
Program OVerlay .ccoccovvevicninnnennnnesennninesssnsienees 11, 24



Programming with Autocoder ........ieinniin. 6
PUNCH — Print and Punch Library Routine .......cccosvvvriiennn 38

Read Redundancy ... 52
Reassembly RUN ...cocoovvvvvcnncceccsesensesennnesene s ssessessesnee 56
Reassembly with Alterations ..........cceeiiniiiinnns . 56

Reaassembly Without Alterations . . 56
Resequenced Source Deck .....ooiviineiinnennienreoiinninnenins 51
Retrieving Assembly OUtput ......ccveevviveneenenvnrensienennerisisenens 56
Running the Object Program .........cccceevvvenveinreeervenvnrnniorane 58
SFX — SUMIX  viviveririiniinseniininneneennissssennisns s sresienne 25
S0UIrCe PrOZIam .....ccovvvveeciiiiniinneenireesiessinessiesssnesssesseressnens 5 6
Special Features ......ccoevvevierierienns 5, 13, 22, 39
SPS Statements, Conversion of .......cccocceviirninireiniesienninnn, 49
Symbol Table ... 49
Symbolic Address .... . 9, 10, 16, 30
Symbolic Language .......c.cevieevemenicrnnnsiesinsmmesssnnnsnessn 5 6
System Card Deck Format ..........ccceeevvererenneecieernenrenesninnieennns 42
System Halts — Librarian Run ......cccoemmimiiimenen, 46
System Halts — Pre-System Run .......cocceeviemniecenerenennerennnns 42
System Halts — System Run .......ccounvimenrnenennnnennmon, 43
System Halts and/or Messages — Program Assembly ...... 52
System RUN ..occvvivivviniiiienininennecenstssssesesssessesveesnessensesssssrense 43
SYSEEIM TAPE .evvvvvecreeirirerrririsesierisessersesasssnessesnsssassessssensesresssense 37

System Tape Format .......cccceciivieeivnniiniicnnnesnennninn, 43
Tape Overlay Library Routine ... . 43, 44
Tape Read Errors .....coeeonenvcennnisiininconmonine e, 52
Tape Redundancy Procedures ... 52
Tape-to-Card Utility Program ........cccccerecereerenresessnsnnianieenns 52
Tape-to-Printer Utility Program .....c.ccecveververveninnvurernisennes 52
Tape Write EITOrS ...ococcvvviiciiriiiniiniicssniinniccsinnnnee e ssssseeenns 52
TOVLY MACIO ..occvvveieecrevirienseenne . 43, 44
TOVLY Macro — Tape Overlay ..., 36
Updating the System Library ..., 44
Write Redundancy .......c.ccvervviieniercecisninnesnsnnsinomensonniesnse

Writing the System Tape
WOork ATeas ..cccvvviveiresrinennsennnniesrssesinsesnseenees

XFR — TIansfer ...ooocoviiviviecerecessiesesnensensenneneessessanonenns
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