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Figure 31. 1M 1401 SPS Assembly Procedure

an equivalent machine address and puts the label, if
any, and its equivalent address into a table in storage.
Pass two, upon encountering a symbolic operand,
searches the table for the label and translates it into
the machine-language equivalence.

Although one execution of passes one and two may
be sufficient to assemble certain programs, it is likely
others may require another iteration (complete execu-
tion of passes one and two) to complete the assembly.
The number of iterations required to assemble a com-
plete program depends upon the number of labels
used in the source program and the storage capacity of
the 1401 on which the program is being assembled.

The number of labels that can be processed in one
iteration is as follows:

SPS-1
PROCESSOR MACHINE SizE NuMBER OF LABELS

1400 40
2000 100
4000 300

SPS-2
4000 260
8000 660
12000 1060
16000 1460

If the number of labels in a source program exceeds
the quantity allowed, it is necessary to reiterate. Thus,
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the output from the initial run of the processor be-
comes input to a second run. This is continued until
all labels are processed.

Processing — Pass One

To prepare the source deck for processing, the opera-

tor must:

1. Be sure that the first card in the source deck is a
crr card, and that the last card is an enp card (Fig-
ure 32).

2. Put the source deck between the processor program
sections labeled pass oNE and prass Two and put
them in the read hopper.

3. Reset the computer and press the load button. The
processor cards for pass one will be loaded into
core storage, and program execution will begin
automatically. During processor program execution,
the SPS pass one deck will fall into the normal read
stacker, the source deck into stacker 1, and the
punched output deck into stacker 4.

During program execution the processor:

1. Changes the mnemonic operation codes to actual
machine-language codes.

2. Assigns an address in core storage to each instruc-
tion and field designation.

3. Prepares a table of symbolic label and assigns an
equivalent address to each label.

4. Allocates 'storage for instructions, work areas, and
constants.

5. Punches out cards and drops them into stacker 4.
These cards contain information that will be used
by the processor during the second pass. The num-
ber of positions occupied by each instruction is
automatically calculated and punched into the
count field (columns 6-7) of these cards.

6. Loads automatically the processor program cards
for pass two. This loading occurs if the Exp card of
the source deck has been processed.

Note: Because pass one generates the symbol table,
it is not possible to stop assembling at the end of pass
one and continue with pass two at a later time. How-
ever, it is possible to postpone the completion of an
assembly after any complete iteration.

Z— SPS Pass Two

~+—— END Card
Deck to be

/Z——— Object Program [~ gssembled

| leg—————— CTL Card

|/ 5PS Pass One

Figure 32. SPS Assembly Card Order
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PROGRAMMED HALTS — PASS ONE

SPS-1 Illegal Mnemonic Operation Code. The proc-
essor causes the 1401 to halt, if the card just read
(the last card in stacker 1) has an illegal mnemonic
operation code.

If the punch release option is used and there is
an illegal mnemonic, an output card is punched
anyway. It is, however, selected to stacker 8/2 and
should be discarded by the operator.

To restart the processor, the operator should:

1. press sTART to bypass the card, or repunch the card.
Put it into the hopper as the first input card and
replace the rest of the source program deck. Press
START, or if it is an instruction that is not an eight-
character branch-on-blank instruction, restart at the
address noted in the 1BM 1401 Program Library SPS
listing. In the assembled deck, the actual operation
code will be left blank. This error will be noted in
the post-process listing.

SPS-2 Illegal Mnemonic Operation Code. The proc-
essor causes a halt if the card just read has an illegal
mnemonic operation code. The operator should fol-
low the same instructions as for SPS-1.

PROCESSOR STOPS WITH READER EMPTY

In pass one of SPS-1 and SPS-2, if all cards have been

processed, and there is no programmed halt, the pro-

gram may stop on a read operation code (the op regis-

ter displays a I). This can occur in the following cases:

1. The program has not yet sensed an Enp card.

2. Pass one is completed and the program is trying to
load pass two.

Processing — Pass Two

At the end of pass one, pass two is automatically
loaded. It is possible, however, to load pass two by
pressing the Loap button.

During the loading of pass two, if no additional
iterations are required, three cards will fall into stack-
ers. The programmer should:

1. discard the card in stacker 8/2. This is a duplicate
of the enp card punched by pass one.

2. clear the storage routine of the assembled deck
with the two cards in the normal punch stacker.
Used at loading time for the assembled program,
these cards will clear the amount of storage of the
object machine which was specified on the crL
card.

After the loading of pass two, the operator:

1. places the output from pass one (stacker 4) in the
read hopper when the loading of pass two has
stopped.

2. presses the start button to resume processing.



During pass two the processor:

1. processes the operands by substituting actual ma-
chine locations for symbolic operands and perform-
ing character-adjustment operations.

2. changes numerical machine address assigned by the
programmer into proper machine address when an
alphabetic or special character is required by the
1401. For example, the core-storage address 1213
would be changed to S13 during this pass.

3. punches object program in a self-loading one-
instruction-per-card format. Each card of the object
program will contain the source program statement,
the corresponding assembled instruction, or data,
and the information required to load the assembled
instruction.

These object-program cards are selected into the
normal punch stacker. The first two cards (see
Notes) contain a self-loading clear-storage routine
which clears core storage of all existing characters
and word marks. The third card in the normal
stacker, punched with the object program, will con-
tain instructions to initialize the read area with
word marks for the self-loading instruction cards.
This is a bootstrap card (see Processor Output).

4. Causes the input deck (output of pass one) to be
selected to stacker 8/2. These are to be discarded
by the programmer.

ADDITIONAL ITERATIONS

If additional iterations are required, the machine will

attempt to read a card (the first card of pass one).
If the 1401 attempts to read a card after pass two

of the assembly program, an additional iteration is

needed. If this is the case, the operator:

1. places the output from pass two (from normal punch
stacker) between passes one and two.

2. places the combined deck into the read hopper.

3. presses the start button to repeat the operating
procedure.
Note: For all additional iterations, all input cards
are selected to stacker 8/2. These cards are to be dis-
carded after assembly.

FIRST CARD STOP — PASS TWO

If pass one has been completed and the next card does
not appear to be the first card of pass two, the SPS-2
processor will halt, To load pass two, the operator:

1. runs out the cards.

2. makes the first card of pass 2 the first input card.

3. resets the machine.

4. presses the LoAD button.

END OF JOB

After the last card has been processed by pass two,
the machine will come to a halt if this is the last
iteration. Pressing the sTarT button at this point will
have no effect.

PROCESSING STOPS WITH READER EMPTY — PASS TWO

In pass two of SPS-1 and SPS-2, if all cards have been

processed and there is no programmed halt, the pro-

gram may stop on a read operation code (a 1 in the op

register). This occurs when:

1. the program has not yet sensed an Enp card.

2. the program has determined that reiteration is nec-
essary and is trying to load pass one.

Non-Progreammed Halts — Passes One and Two

The processor may come to an unexpected halt if the

following errors are encountered:

1. Exp card misplaced (SPS-1 only). Because the proc-
essor automatically loads pass two after processing
an END card, an END card placed in the middle of an
object program will cause the card following it to be
treated as the transfer card of pass two. This means
that the page-line number is treated as an instruc-
tion and, if the tens digit of the page-line number is
a valid input-output command, it will be executed
prior to the halt. There is no convenient way to con-
tinue the assembly at this point because of the
end-of-program procedure.

2. Mlegal indexing indicator. If an indexing column
(column 27 or 38) is punched with a special charac-
ter, pass two will stop. The units position of the
storage address displayed will show the special
character with zoning removed.

3. Ilegal pcw or bc count (SPS-1). If the processor
encounters a bcw or nc card with a count greater
than 57 (a legal pcw or pc card may only define a
maximum field of 32 positions) and it is necessary to
sign the constant (column 23 contains + or —) the
sign will be placed somewhere with storage locations
081-122. However, locations 081-099 contain con-
stants used by the processor, Consequently, it is
possible for these constants to be changed by an
illegal ncw or pc count in the object program. This
error will be caught in the pre-process listing rou-
tine.

For both passes, locations 081-099 should always
contain:
Storace Location CONTENTS

081-089 01N001056
090 Oorl
091-095 TLB10
096 T for 1.4k object machine
Z for 2k object machine
1 for 4k object machine
097-099 The highest storage address of the

processor (e.g. 199 for a 4k machine)
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Note: In SPS-2, an illegal pc or pcw count will not
interfere with locations 081-099 because the processor
does not store any constants in these locations.

Miscellaneous Operating Information

1. Bypassing a card in pass one other than a comments
card will cause an improper assembly. In pass two,
if a card is bypassed, it will have no effect on the
assembly of other cards.

2. It is not possible to reassemble an assembled deck.
However, an assembled deck may be reproduced
leaving columns 56 through 75 blank. The repro-
duced deck may then be reassembled.

Processor Output

The processor output, i.e., the assembled deck, con-
sists of two clear-storage cards, a bootstrap card, and
the assembled program.

CLEAR-STORAGE CARDS

The first two cards in the normal punch stacker are the
clear-storage routine for the assembled deck. At load-
ing time for the assembled deck, these cards will clear
the amount of storage specified by the crL card which
designates the object machine size. The arithmetic
overflow latch is set by the clear-storage card.

BOOTSTRAP CARD

This card, the third in the normal punch stacker, ini-
tializes the read area with four word marks necessary
to make the assembled deck self-loading. The locations
of these word marks are 024, 056, 063, and 067,

Assembled Program

The assembled program cards are duplicates of the

input cards with the assembled information in columns

56-75.

Columns 56-75. In assembled instruction and constants
cards, columns 56-62 contain the instruction neces-
sary to bring the data into storage. An Ex card
assembles an unconditional branch in this field (col-
umns 56-62) while an Enp card assembles a clear-
the-read-area-and-branch instruction. All other cards

generate a bypass instruction
N 001 056 (NOP 0001 0056).

Columns 63-66. All assembled program cards contain
a 1056, the instruction R0056 in columns 63-66. This
causes the 1401 to read a card and branch to execute
the instruction in column 56 and the next card.

Columns 67-74. This field is blank except for instruction
and ps cards. In construction cards, columns 67-74
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contain the assembled instruction. In ps cards, col-
umns 67-70 contain the four or five-character address
of the symbol. This is saved by the processor for
listing purposes.

Column 75. This column contains a card code used by
the post-process listing and condensing routines to
determine the card type.

Cope Carp TyeE
blank Instruction
blank Comments

F DCwW

5 DC

G DSA

D DS

0 EX

J END

R CTL

2 ORG

OUTPUT FORMAT
According to card type the assembled program output
format is:

CoLuMN CONTENTS

Instruction Card 56 L

57-59 Low-order card position of the
instruction (equals 66 plus
instruction length).

60-62 Low-order storage address

63-66 1056

67-74 the assembled instruction

75 Blank

DCW, DC Card 56 L for DCW; M for DC
57-59 Low-order card position (equals
23 plus constant length)
60-62 Low-order storage address
63-66 1056
67-74 Blank
75 F for DCW; 5 for DC

24-26 Assembled DSA

56-59 L1026

60-62 Low-order storage address

63-66 1056

67-74 Blank

75 G

56-62 N001056

83-66 1056

67-71 4- or 5-character address of
symbol

72 Blank

75 D

EX Card 56 B

57-59 Assembled (A) Operand
60-62 blank

63-66 1056

67-74 blank

75 Q

56-59 .063

60-62 blank
63-66 1056
87-74 blank
75 Q

DSA Card

DS Card

EX Card (no [A]
operand)



END 56 /

57-59 Assembled (A) Operand (if [A] is
blank, 000 is assembled)

60-62 080

63-66 1056

67-74 blank

75 J

CTL, ORG, 56-62 N001056
COMMENTS
Cards 63-66 1056

67-74 blank
75 R for CTL, 2 for ORG, blank for
COMMENTS.

UNDEFINED SYMBOLS

Undefined symbols have ### (# is a 3-8 punch)
substituted on the card for an actual address. For ex-
ample, assume the symbolic instruction B LABELL ap-
pears in a source program. However, LaBeL]l does not
appear in the label field of any statement in the same
source program. Therefore, B LaBEL]l will be assem-

bled B # # #.

Patching

Correction or revision of an assembled deck is accom-
plished through a procedure known as patching. This
makes it possible for the programmer to change the
object program without having to reassemble the en-
tire source program.

To prepare a patch card, the programmer:

1.

2.

inserts the count in columns 6-7. This is necessary
for the condensing and post-process listing routine.
uses the following format according to card type:

FOR CONSTANTS:

a. punches the constant beginning in column 24.

b. punches in column 56 an L for pcw cards or an
M for pc cards.

c. punches in columns 57-59 a zero followed by the
nurmber of the card column that contains the low-
order position of the constant. This number is
equal to the length of the constant plus 023.

d. punches in columns 60-62 the address of the
core-storage location that will contain the units
position of the constant.

e. places 1056 in columns 63-66.

f. punches in column 75, a 5 for a pc card or an F
for a pcw card.

FOR INSTRUCTIONS :

a. punches the assembled instruction in actual ma-
chine language in columns 67-74.

b. places an L in column 56.

¢. punches in columns 57-59 a zero followed by the
number of the card column that contains the low-
order position of the instruction. This number is
equal to the length of the instruction plus 066.

d. punches in columns 60-62 the .address of the
core-storage location that will contain the units
position of the instruction.

e. punches 1056 in columns 63-66.

FOR END CARDS:

a. punches a “slash” (/) in column 56, and 080 in
columns 60-62.

b. punches the machine address of the first instruc-
tion to be executed after loading the object pro-
gram in columns 57-59.

c¢. punches a jin column 75,

FOR EX CARDS:

a. punches a B in column 56.

b. punches the machine address to which the load

program should branch in columns 57-59.

c¢. punches a Q in column 75.

The programmer places the patch cards in the as-
sembled program before the assembled Enp (or Ex)
card.

Example: In a lengthy program, a programmer may
wish to insert a statement or subroutine in the as-
sembled program without having to reassemble. This
may be accomplished by a patching procedure in
which a branch instruction is substituted for an-
other one in the main routine to cause a branch to
the subroutine or instruction. The last statement in
the subroutine must then cause a branch back to
the main routine.

Suppose the programmer decides to insert an in-
struction after the branch on unequal compare op-
eration which will move manNol to FieLpa before
the sw operation. The original assembled program
post-process listing looks like this:

C MANNOI1 0108 1126 C008108
This card removed
B ERROR /1133  BS84/ from assembled
deck.
SW 0109 0116 1138 ,100116

The subroutine would look like this in SPS and as-
sembled instructions:

STORAGE ASSEMBLED
Appress  SPS INSTRUCTIONS INSTRUCTIONS
1133 B 2084 / B-84
2084 B ERROR / BS84/
2089 MCW MANNO1 FIELDA M008208
2096 B 1138 B/38
2100 NOP N

(The NOP instruction guarantees
that a_word-mark is set after the
unconditional branch.)

Each instruction is punched in assembled form in a
patch-card format. The initial branch operation is sub-
stituted for the branch operation in the assembled pro-
gram and the rest of the subroutine is placed before
the assembled ExD, or Ex card.
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Post-Process Listing Routine

The Post-Process Listing Routine is used to list the
object program after the assembly is complete. The
programmer uses this listing to trace machine stops
and assembly errors. The listing gives the assembled
instruction as well as the original one.

The Operator:

1. puts the sense switch A on,

2. places into the read hopper any number of assem-
bled decks to be listed.

3. resets the 1401 and presses the Loap button.

The Routine:

1. automatically restores the print carriage. All input
cards are selected to stacker 1.

2. prints the card image and error messages in twelve
fields on the printed page in the following format:

Page Number (Card Columns 1-2). Zeros are sup-
pressed in this listing.

Error indicator (0). A lozenge printed between the
page and the line number indicates that at least one
of the following errors appears on the card:

a. An undefined symbol in the (A) or (B) operand.

b. A blank operation code in the assembled instruc-
tion.

c. Data to be loaded has been assigned an address
in the read area.

d. A constant has been assigned a count greater
than 32.

e. The count column in a pc, pcw, or instruction card
is blank or zero. This will cause a halt in the con-
densing routine, Note: A blank instruction count
cannot occur as a result of assembling. However,
it may have been inadvertently left out of patch
cards.

Line Number (Columns 3-5). Line number is printed
as is.

Count (Columns 6-7). Zeros are suppressed in this list-
ing.

Label (Columns 8-13). The routine prints only the la-
bels used by the processor.

Operation (Columns 14-16). The symbolic operation
code is reprinted.

(A) Operand (Columns 17-27). This is reproduced from
the card image except that there is a space between
character adjustment and indexing. Only the digit
position of the index appears.

(B) Operand (Columns 28-38). Reprinted same as (A)
Operand.
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d-Character (Column 39). This machine-language mod-
ifier is reprinted as is.

Location (Columns 60-62). This is the four-character
address of the data. It refers to the high-order posi-
tion for instructions and the low-order position for
constants.

Instruction (Columns 67-74). The assembled instruction
is printed in this field.

Comments (Columns 40-55). Comments in the source
program card are entered in this field.

The preceding format is adhered to in the Post-
Process Listing with the following exceptions:
1. Comments cards. The routine lists the comments
(columns 8-55) centered in the middle of the page.
2. Constants. Constants are right-justified beyond the
d-character column. The length of a constant is de-
termined by its card count, and the sign (column
23) appears over the units position of the constant.
Each page has a heading line which identifies the
respective columns. The identification (columns 76-80)
appears at the extreme right of this line,

Unassembled-Card Listing. If a card does not appear
to the listing routine as an assembled card, the word
UNASSEMBLED CARD is printed out with a complete
reproduction of the card data. This error is most
likely to occur when the operator attempts to list
an unassembled deck, fails to reiterate a partially
assembled deck, or lists the output from pass one.

Clear Storage, Bootstrap Card Listing. At the begin-
ning of the listing, the CLEAR STORAGE and BOOTSTRAP
cards are reproduced. If any one card is missing, or
if the cards are not in proper order, one of the fol-
lowing messages appears: FIRST CLEAR STOR-
AGE CARD MISSING, SECOND CLEAR STOR-
AGE CARD MISSING, NO BOOTSTRAP CARD.
It is not necessary, however, that the CLEAR STORAGE
cards be present when listing.

SPS-2 Listing Feature. In addition to the preceding
listing, the SPS-2 processor prints, at the end of the
program listing, the total number of cards, exclusive
of clear storage and bootstrap cards, and the total
number of errors detected by the routine.

End of Program Procedure. When the routine senses
an END card and it is the last card, the program
halts. Pressing the start button restarts the program,
If there are more cards in the reader after an Enp
card is processed, the carriage is restored and control
transfers to the beginning of the program.



Condensing Routine

The SPS Condensing Routine is used to convert the
one-instruction-per-card assembled program deck into
a “condensed” deck which contains multiple instruc-
tions per card. While not considered part of the proc-
essor, the condensing program is supplied with the
program to enable the user to reduce the number of
cards in any program deck.

Each condensed card will contain up to 38 charac-
ters of information from the object program or seven
word-mark locations, i.e., fields or instructions, which-
cver is reached first. The condensed card contains suf-
ficient information to render it self-loading.

The condensing routine causes a self-loading card
which initializes the read area with appropriate word
marks and begins the loading process to be punched.
If the two cards of the clear storage routine are entered
into the condensing routine, they will be punched out
before the self-loading load card.

As each card of the assembled object program is
read, the assembled data is transferred to the con-
densed card-output field. The address of the first field
placed on each card determines the starting location
for the card.

The Operator:

1. places any number of assembled decks to be con-
densed behind the routine.

2. presses the LoAD button.

The Routine:

1. causes input cards to be selected to stacker 1. It
causes output cards to be selected to the normal
punch stacker.

2. causes the assembled deck to be punched out in a
self-loading condensed deck. Each card has approxi-
mately six data fields in the following format:

Carp COLUMNS MEANING

1-38 This field contains the data to be loaded
into storage (maximum of 38 characters).

Contains up to 6 four-character set-word-
mark instructions. If there are fewer than
six sw instructions, 1056 (RO056) appears
in the next available set word mark loca-
tion. This causes the loader to read a card
and branch to the load instruction of the
next card.

39-55;
63-70

55 Contains a 1 denoting a read-a-card in-
struction. This instruction is present only
if six set-word-mark instructions are
present.

Contains the instruction necessary to load
the data (columns 1-38) into storage.

71-74 B039 (Branch to 0039)
75 Blank
76-80

56-62

Identification

DC CARDS

In the condensed deck, the data is loaded into storage.
This differs from the one-per-card loader in which a

" pc card is moved into storage. Consequently, if a pc is

the first item in the data to be loaded by the condensed
deck loader, a word mark is first set in the high-order
position of the pc, but is then removed by a clear-
word-mark instruction. Because data is loaded into
storage, all existing word marks are cleared in the
storage locations before entry.

EX CARDS

The programmer may insert data cards behind an Ex
card. To accommodate the condensed card loader, the
condensing routine converts the instructions, which
were written by the programmer to return control to
the load routine after the program section has been
exccuted. If data is not inserted, these cards will not
affect the loading procedure.

END CARD

To facilitate patching of the condensed deck, the ExD
card instruction is the only information present on the
last card.

PATCHING

Patching a condensed deck requires that the data to
be loaded in storage is placed in columns 1-38. The
LOAD instruction is placed in columns 56-62, and 1056
is placed in columns 63-66.

PROGRAMMED HALTS

There are three programmed halts in each SPS Con-
densing Routine:

SPS-1

Illegal Card. The routine causes a halt if, in an in-
struction or constant card, any position in columns
57-39 is blank or if column 57 is not zero. This error
cannot occur as the result of assembling but might
appear on patch cards.

Blank Count Column. If the count column for instruc-
tion or constants is blank, the routine halts. This
generally occurs because of a count left out in patch
cards.

End of Job. Each time an Enp card is processed, the
machine halts. After an Enxp card is punched, the
routine causes it to be selected to the normal stacker.
A blank dummy punch-instruction card falls into
stacker 8/2.
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SPS-2

Non-Assembled Card. The routine halts if the input
does not appear to be an assembled card.

Illegal DC, DCW Count. If the count field on a bc or
pcw card contains a number greater than 32 or less
than 1, the routine halts.

End of Job. This is the same halt as explained under
SPS-1.

Restart After Error Halt. Pressing the start button
after an error halt will cause the machine to bypass
the error card and read the next card or, in the case
of an Enp card halt, to restart the program.

To load and execute the assembled program, the oper-

ator

1. places the assembled deck (clear storage cards, boot-
strap card, and assembled program) into the hopper.

2. puts data cards behind the assembled program.

3. presses the r.oap button to begin the loading pro-
cedure.
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IBM 1401 SPS Sample Program

Figure 33 shows a block diagram for a payroll routine.
A current earnings card and year-to-date card (Fig-
ure 34) are read by the 1401 and complete an em-
ployee’s check and earnings statement (Figure 35).

Information from the year-to-date card is updated
by the information in the current earnings cards and a
new year-to-date card to be punched.

Start Read A Card

Current Earnings Card

Move Man # Se;c:/:/gd MQ: ks
To Check | urren
hput

i

Move Name
To Check

4

Move Date
To Check Branch To Start

' f

Move Man # .
To Statement Clear Print Area

' f

Move & Edit

GROSS Clear Read Area
For Statement ?

Print Tst Li

Move & Edit rint Ish Line

WHTAX *
For Statement Skip to Line 2

‘ After Print
Move & Edit *
FICA

For Statement Move NETAMT
x a{,men To Storage
Move & Edit r

MISC., DED Move WTHI::'AX
For Statement To Punc

v 4

Move Man # -Move Current
FICA
L Prmh To Punch
Move Dept # Move Current
To Punch GROSS
To Punch

A

Figure 33. Block Diagram for Sample Problem

The first card read should be the current earnings
card. If it is the year-to-date card (X74), there is a
branch to the uppaTE routine, and the unequal com-
parison in man numbers results in a machine stop. In
the first half of the program, the current information
is edited and moved to the print area and also to
work areas in the punch area. The first line of the

Year-To=Date Card

Set Word Marks | Select » Compare Man #
For YTD Input Stacker To Punch Area
N
Halt 2
' Yes
I Press Start Key Update-Totals
_ On New YTD
Card
Branch To Start Move Dept #
—{ To Check
Clear ‘
Punch Area Move & Edit
NETAMT
For Check
Clear Print Area
Move & Edit
NETAMT
Clear Read Area For Statement
No ‘
Move & Edit
Ye Check
Halt es Last Card YTD GROSS
For Statement
. Move & Edit
Print Statement YTD WTHTAX
Punch New For Statement
YTD Card ‘
T Move & Edit
Skip To Line 1 YTD FICA
After Print For Starement
Move X -
To Punch
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check and earnings statement is printed. The program
checks for end of form.

The second half of the program, a routine labeled
UPDATE, causes the year-to-date information to be
added to the curient information, which is in the
punch area and causes the updated year-to-date card
to be punched. The new year-to-date information is
also edited and moved to the print area, and the sec-
ond line of the check and earnings statement is printed.

CURRENT EARNINGS CARD

Then a skip to the next form is executed.

Figure 36 is an 1BM 1401 SPS source program written
for the payroll listing routine, Figure 37 is the SPS
output program listing.

Mnemonic Operation Codes
Figure 38 shows the mm 1401 SPS Mnemonic Opera-
tion codes.

1—3}4 8|9 17{1819(20 35(36 44|45——— 49|50 55|56——60|61 65|66 74|75 80
Dept.| Man Social Tax Name Not Used Total Current Current | Current Not Used Current
No. No. Security cl. Misc. Gross Wh Tax | FICA Net
No. Ded.

1—a3l4 8o 15(16 21(22—2627 73[7475 80
Lt

Dept.| Man Year- Year= Year- Not Used X! Not Used

No. No. To-Date To-Date [To-Date

Gross Wh Tax  [FICA

YEAR-TO-
DATE CARD

Figure 34. Current Earnings and Year-to-Date Cards

General Manufacturing
Corporation
To the Order of: Date
23140 G J KANE JAN 27, 1961
724 Pay Exactly: $ 130.26
NEW VALLEY
NATIONAL BANK %ﬂ/nzw m Treasurer

EARNING STATEMENT

Man Misc.
No. Gross WH. Tax FICA Ded.
23140 |$ 175.00 |¢ 31.90 |$ 5.66 |$ 7.18
YTD YTD YTD
Net Pay Gross WH. Tax FICA
$ 130.26 |$ 875.00 |¢ 159.50 |8 28.70

Figure 35. Employce Check and Earnings Statement
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IBM INTERNATIONAL BUSINESS MACHINES CORPORATION FORM X24-1152
JIBM 1401 SYMBOLIC PROGRAMMING SYSTEM FRINTED IN US.A.
Program IDHL/ROL h  LISTING CODING SHEET Page No. 0‘ -.2{ of _0%
Programmed by Date 7z 23( '_éz, Identification Em.ﬁ.ﬁ JR.Jé.OJJ
(A) OPERAND (B) OPERAND
LINE  |cOunT LABEL OPERATION <obRESs N CAHDT s RS : CAHDT' g d COMMENTS
3 sle 7]e 1318 1617 23 © le7]2e 34 " l38/39)40 55
] (] T
°1'l° J,*JPJ,AAQ_LI G|T:A33|JJ1,_L'A1 I Rt [ e S OV T Y WA RS U OO S ST SO S S GO 1
10,2,00 ... | 1 R O L'J!gl . AL 11547‘1 l A_N'G" J_RLO OIT./ 1N1£_1 LP‘ IO \@RﬁMMAE)QL IFJ.D_IRA n rlHJ_EJ n.z 16(|ﬂji
0, 3,00 ol OIR!G 0.9.0.0, . i l - T ,! ,,!, L TR Y SN HEON SN W A T WU SN N GRS T S SO
E‘h,&h 1 5 TAlR TL ARL., ; [ T S T i_E,_L . S DR T T |I i | BL&)ALDJ B CARD ]
MJ_O_, L Lo ,,igijL_,‘,&L — U PIDLA IT I&: : B n OJQ l7|¥1 A " .,,:,,, L 1 T.QL&_ELQIK‘ JCJ&JRIDI |leJRJ£vl,7,,
0,6,0 s Loobddl Sl‘ﬂ/ll 010 04, : . },7J__L, 110009, . ,‘,,,:,, e L MAN. eSS MUMBE RS
|o,7,0] G ;ﬂ: g;g;gngl L :,: Lo g_f):gil L E E,,J oL ZA]H:E( i Mjhl;ﬁjcl EIE.,D.
108, 01[ . TESY R -3 AT (#.374 ¥% X1/ XU S BT - et | 16RA.S.5 A WHTAX . .
0,9,01 ,A,_».L__L_IAI;A,S,LW: 10 401@111, 1 E E A 4 017 \f‘ 1 ,,: : T ) lalﬁ,LgliL,,JN.LEITlAlML ]
119,01 . L tecddl 1 .‘S—LMAI;Q.Ji.JQJiI I : : - P i |: i Lot EPT. I#l Vi 1N;JEJQ|NLCJHl .
! L;,J L2 SR S J_Jg,,mlg,jﬁ g.g;g;g; i : : - . O%%{Z; [ ,:,,,,1,, gron\\//xgw ,ll\l\fl/?i{}l[lal#f\rl Z-JOLC'JJ/%'&K.
1,2,0 ' Lo W00 DD L 1harbn L:l,l,,Lgi,‘Lg L il Y AT I )
sob b s MCWIDATE. o 11 L oBAL MoVvE, DATE To. LK |
a,0 . T R QMO 0 018| | Rt 0.2.585 | : i [, MV, MAN.. _L# (Ta0. J&J-JMJN
148,01 L .C:‘A;E.DTIWDZI : Vo I&Léé i ll : it SO TV TS TN PN NN T S S T T RNY SN S
|1.8,0 L L MlCt& o) A: SR 14 N : : [ My T | L 1
17,0 L B O S B | 4 c :IH ‘%gt;f/lblz :I 7 'l Vo 12‘ i‘:%l L : : 1 i;,;,,_ [q,Lvllt__IE,li {ii_liﬁffALSJ,_
LIL I L MC I|£ 0.0.6.0. | : i L ORTT. . E E Lo MV, o+ &0, 1.7, IWHITA'XI
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Figure 36. SPS Source Program (Part 1 of 4)
IBM INTERNATIONAL BUSINESS MACHINES CORPORATION FORM X24-1152-
2 IBM 1401 SYMBOLIC PROGRAMMING SYSTEM PRINTED [N U.S.A.
Program ,_B’L‘Z_B_O_LA_JL/QTLMQﬁ CODING SHEET Page No. Q'JéJ of . OY
Programmed by Date _Z,é’_lflé_z Identification \%ALXLBBJOJ
(A) OPERAND (8) OPERAND
3 LINE 5 :oun: s LABEL ) :):ERATI(:: sy N CAHUT' 2% } AoORESS i CAHoAf' 3% :9 . COMMENTS )
0,1,0 ) hoodoL L,J__A_al:AgolrlMDst L ,QLZJQL?I 1 : : - Lol TRV ST TR WU RS NP S WO
ool . MCEIDOHD, 1L, 0299, . .| | MV, . E.DT. M.L5C.DNS)]
0,3,0 Lot LC !ll) (] 0108 oo : : L Oi OJ&" ‘l : 1 Mo IVJ£I ,LMJB_LN_I#L 1T 104,,1?4_[‘11,04,
losol o |0 . MCW[00OB, 1, 0103, . 11, , MV. DEATH# T.0 PHNEH
ospol vl MCN0OBS, 1, | 0LL5 L1, MV, G.R0.SS, T .0 PNCH
0,86,0 I,J,,,L,‘.‘L__I_i( s ICI:N 0101&15 Lot :, E Lol o‘l.i_lglél 1 : : - f'l |V1 lF Jd.CA, T LQJ_LEAAI_LQ‘LHL_.
9,7,90 L PR R f'r%:ﬂc{h[ 8101§ 0 4 E LY 341;31_ J;:r,_J,_J‘_ ,’L\AJ\LXLH«&A)SL.M P |NICL|H
°.8.0 L FI R T B W00 Qs ,I,A.:,ALA 14 & T.A ML : ] ISA) Lol I&LTJ_LALMQLLJIN_L]—JA
0,2,00 b vwoay 1 C.C: 1) : i L.l o 1 : 5 1 ﬂB S4K|l |P4 |2u <AJEJI,LEJRLJPIR:IT
L) L a k E Lo Zn_sj:w__ ST T S ‘\ ,:44 L Lo J.,V,L_I,_L_J__.H_‘.EJRJ,LNJIL,lnﬁerA I.LA_LLMLZ_L,,_L_
[ L A;R_L S 160,80, ., : S AT T T N R T S i ' C.LE.AR lR{EIHl&_LML&JAI
1 " gs; ,s,lz'.ﬁ,:‘zjr. i | oR99 i || ICLR, #ﬂ.&ﬂ _t 1 BRANCH
Lol WPDATESK 0004 11 | 0009 i1, MAN#_ .+ .VTD&R5| .
IL't.4.° PR S N T T T S .W: 01041—@1 . ,: : L OJ_OLZJ_Z_I_L,,_‘L I‘ [P Y|T|£LW|”| T'|X Y D c
I f i ) |Tl F IA
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Figure 36. SPS Source Program (Part 2 of 4)
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Figure 36. SPS Source Program (Part 3 of 4)

IBM INTERNATIONAL BUSINESS MACHINES CORPORATION FORM X24.1152
L IBM 1401 SYMBOLIC PROGRAMMING SYSTEM PRINTED IN U.5.A.
Program PAY 80LL L|§| ‘ Iﬂ& CODING SHEET Page No of QH
Programmed by Date Identification %ALBL‘%J
(A) OPERAND {B) OPERAND

LINE  [COUNT LABEL OPERATION CHAR. | g +] o Tg d COMMENTS
3 5|6 7|8 13]14 7 AOORESS ADJ. 2—1 28 AOORESS 3_4 ADJ. 3_8 39
ool v |y A T]002Z, .t [ l012L 11, UPQ&LE [ﬁLﬁﬁ£LAX
ool ol A 100BL, 1t | 0126 11, vpPbDATE, YTD FICA. |
loys,ol 4y o MCLIOL O3, . i, | 102,06, 11 ., MV, DEPTH TO. CK .
o a0l |, YhCBEDTWDL 1, |l loz4L 1, || JEDIT. U NET. PAY. . . .
oosol ol v, MCEINETAMT + . [ 0242 1, . FOR CHECK . . |
oo 0| o |y, KCIHIEDTWDL |, 265 I EDILT. NET. PRV
Y I .GEMETAMTiNgi 0265 , i ., FOR_S.TATEMENT, . .
loe, 0  { ., ., tCAEDT MDLiJ_A 10277 .+ ED)T. Y.TD. GROSS .|
OL'S 10 1 PN B M.C:& O, 1 :1151 L l l Lol 012171’7‘ i : : L .__A_EALQ‘LRJ; J&IMJ_[_
ool vl . IACHBIEDTWDR2L 1 .. | 0288 [ ED LT Y. TD. MHTAX . |
el oo, L dMelelot 2L 0, | (o2 it L IFOR. STATEMENT, | .
1,2,0) P 1,,4_.“1‘,&@1 LTL\MDngI__:__.L_A* - o.zvqnq. . L N T LDLLIJ_MJILD_LE_L.L\QJ.BJ‘J_I_
TN T B g_x_mgaoiae R B (o - X A |FOR STATEMENT . |
el ol Z} L 0.0.74. L. .| oz :,@,AMELMLH
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IBM INTERNATIONAL BUSINESS MACHINES CORPORATION ::msgﬁ:l:;i.
@ IBM 1401 SYMBOLIC PROGRAMMING SYSTEM

Program PAY RO LL Ll ST | N G CODING SHEET Page No. @g_l of ,_Qj__

Programmed by Date Identification LgLAJi_LBJJs?J

(A) OPERAND (B} OPERAND
LINE | COUNT LABEL OPERATION roDmESS CAHDAJR. s DoRESS : c,::,:ﬂ g d COMMENTS

3 sle 7[s 13]14 17 "~ _|27]ee 34 38| 39]40 55
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Figure 36.
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CLEAR
CLEAR

o
(2]

LIN

clc
cac
030
c4cC
cs¢C
060
G7C
cec
090
1CC
11¢C
120
13¢C
14C
15C
160
170
| §:1¢
19C
2CC
Cc1¢
02¢
c3c
04C
050
ceécC
c7¢c
o8cC
csC
1C0O
11C
120
130
14C
150
160
17¢C
18C
19C
2CC
010
c2c
Cc3e
c4C
C5C
CE&C
cic
c8c
C3sC

W W WL WWWWNNNNNNNNNNRNIN NN NN RN NN e e et e s b b b o e e et ot et ot ot s et

cT

B B B N B N L I I T B I N N N N I N e e e e e e e I B B BTN RS BN N R B R AN o I

STCRACGE 1
STCRAGE 2
BCCTSTRAP CARC

LABEL

START

CLEAR

UPCATE

»008015,022026,030034,041,045,053,0570731026
L072116+110106+1051178101/199,027A074028002780010270B026/0991,001L/00111710
+008015,022029,056063/056029

ce
cTL

CRG
R

B
SW
SW
SW
Sk
Sw
MCW
MCW
MCW
MCW
LCA
MCE
LCA
VCE
LCA
MCE
LCA
MCE
MCW
MCW
MCW
MCW
MCW
MCW
cc

Ccs

SW
SW
SS§

Sk
Sk

MCW
LCA
MCE
LCA
VCE
LCA
MCE

A GPERAND

33
*PAYROLL LISTING
G900

UPDATE
0004
G020
0050
co61l
Glel
6008
CC35
CATE
0008
EDTWD2
G055
EDTWD2
€060
ECTWD2
G065
ECTWO2
€049
cocs
coo3
0C55
G065
G060
cec8o0

€80
START
0004
Colé

MANNO1
ERRCR
olco
¢1z22
col5
€021
c026
€103
EDTWD1
NETAMT
EDTWC1
NETAMT
EDTWD1
Cl1i5

B8 OPERAND D LoC

ROUTINE PROGRAMMED FOR THE 1401

0900 1

0074 - 0901 B
0009 0909
C045 0916 o
0056 0923 ,
0075 ¢930
0937

0206 0941 M
0224 0948 M
0241 0955 M
0255 0962 M
0266 0969 L
0266 0976 E
c277 0983 L
0277 0990 E
0288 0997 L
0288 1004 £
0299 1011 L
0299 1018 E
0108 1025 M
0103 1032 M
0115 1039 M
0126 1046 M
0121 1053 M
NETAMT 1060 M
B 1067 F

1069 2

1070 /

0299 1074 7/
0009 1081
0022 1088
1 1095 K

0008 1097 C
/ 1104 B

Ol1eé 1109
1116 »

0115 1120 A
0121 1127 A
0126 1134 A
0206 1141 M
0241 1148 L
0241 1155 E
0265 1162 L
0265 1169 E
c277 1176 L
0277 1183 E

20240671056

*81
004
020
050
061
101
008
035
499
008
S74
055
S74
060
$74
065
S74
049
008
003
055
065
060
080

080
900
004
0l6

108
§52
109
122
015
021
026
103
S65
$81
S65
81
S65
115

074 -
009
045
056
075

206
224
241
255
266
266
277
277
288
288
299
299
108
103
115
126
121
$81

299
009
022

008
116

115
121
126
206
241
241
265
265
277
277

PAGE 1

INSTRUCTION COMMENTS

READ A CARD
CHECK CARD TYPE
MAN & SS NUMBCRS
NAME & MISC DED
GROSS & WHTAX
FICA & NETAMT
DEPT # IN PUNCH
MOVE MAN # TO CK
MOVE NAME Y0 CK
MOVE DATE TO CK
MV MAN # TO STMN

Mv & EDIT GROSS

MV & EDIT WHTAX

MV & EDIT FICA
MV & EDT MISCDNS
MOVE MAN# TO PNC
MV DEPT# TO PNCH
MV GROSS TO PNCH
MV FICA TO PNCH
MV WHTAX TO PNCH
SAVE NET AMOUNT
SKIP 2 AFTER PRT
PRINT 1ST LINE
CLEAR READ AREA
CLR PRT & BRANCH
MAN# & YTDGRS
YTDWHTX & YTDFCA
SELECT STACKER 1
COMPARE MAN#
BRANCH UNEQUAL
WORD MARKS [N
PUNCH AREA
UPDATE YTDGROSS
UPDATE YTD WHTAX
UPDATE YTD FICA
MV DEPT# TO CK
EDIT NET PAY

FOR CHECK

EDIT NET PAY

FOR STATEMENT
EDIT YTD GROSS
FOR STATEMENT

Figure 37. SPS Output Program Listing
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“©
(2}

LIN

1cC
11¢C
12C
130
14C
15C
160
1€1
17C
18C
15C
20C
ClC
c2¢
03¢
c4C
cs5C
céecC
010

BHLDD DD ULULLWWWWWWWWW

CcT

DL ND DN N NN~

LABEL

LASTCO
ERRCR
VANNCL
ECTWLL
ECTWCE
NETANMT
CATE

68 CARCS

ce

LCA
MCE
LCA
MCE
[ 24
cc
WP

Cs

cs
H

Cs

CCw
CCw
CCw
CCW
END

A OPERAND

EDTWD2
c121
EDTWD2
Cl2e6
C074

LASTCD
€080
€299
START
€001
ERROR
cics
"

*

*
€499
START

B OPERAND

0288
0288
0299
0299
0174

0180

D
A
A
$ 9 0.
$ 4 0.
0000000
JAN 27, 1961

LOC

1190
1197
1204
1211
1218
1225
1227
1228
1233
1237
1241
1248
1252
0108
1265
1274
1281
0499

PAGE 2

INSTRUCTION COMMENTS

S74
121
ST4
126
074
A

$48
080
299
900
001
$52

S s NNNTOTM<MEM-

/ 900

288
288
299
299
174

180

080

EDIT YTD WHTAX
FOR STATEMENT
EDIT YTD FICA
FOR STATEMENT
MOVE ZONE TO PCH
SKIP 1 AFTER PRT
PRINT & PUNCH
CHECK LAST CARD
CLEAR READ ARCA
CLEAR PRINT AREA
CL PNCH & BRANCH
LAST CARD HALT

Figure 37. SPS Output Program Listing (Continued)
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AREA DEFINITION

Mnemonic

Operation Code Description
DCW Define Constant With Word Mark
DC Define Constant (No Word Mark)
DS Define Symbol
DSA Define Symbol Address
INSTRUCTIONS
T Mnemonic L, Machine Language
ype Operation Code Description Equivalent
A Add A
S Subtract S
Arithmetic :g g‘;\’/‘i::ly S:
ZA Zero and Add ? (Prints as &)
ZS Zero and Subfract 1| (Prints as =)
MCW Move Characters to A or B Word Mark M
*MCM Move Characters to Record or Group Mark P
MCS Move Characters and Suppress Zeros YA
MN Move Numeric D
MZ Move Zone Y
MCE Move Characters and Edit E
. LCA Load Characters to A Word Mark L
Data Control swW Set Word Mark ,
cw Clear Word Mark o
CS Clear Storage /
*MIZ Move and Insert Zeros (for reading 7070 Compressed Tape) X
MA Modify Address #
*SAR Store A Address Register Q
*SBR Store B Address Register H
B Branch B
BWZ Branch if Word Mark and/or Zone \Y
. C Compare C
Logic Control NOP No Operation N
H Halt
*BBE Branch if Bit Equal W
R Read a Card 1
W Write a Line 2
WR Write and Read 3
P Punch a Card 4
RP Read and Punch 5
WP Write and Punch 6
System Control WRP Write, Read and Punch 7
*SRF Start Read Feed 8
*SPF Start Punch Feed 9
SS Select Stacker K
cc Control Carriage F
cu Control Unit U
MU Move Unit M
LU Load Unit L
PROCESSOR CONTROL OPERATIONS
Mnemonic o e
Operation Code Description
CTL Control
ORG Origin
END End
EX Execute

*Pertains to an optional feature.

Figure 38. SPS Mnemonic Operation Codes
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Index

Actual Addresses .....eevivveermrniieeceninieesrerensssessensesssesesees 10
Additional Comments -~ SPS-1 (Listing Routine) .........ceouu.. 22
Additional Comments — SPS-2 (Listing Routine) ........ccc.... 22
Additional IteTations .........ceeeverieerverreeriessrenseeseressererssesssessneeens 25
Address ASSIZNIMENT ...ccccveveereeivensasrecrieniaesiesnnenssssessenssesesessnne 12
Advantages of SPS ...oovvmieinirvririeccriineeeereesresrenesseneinens 6

Alphamerical Constants .......ccveveeeeriorinesenneesenenesssnsnes 13

Area Definition Statements .. 7, 13
Assembled Program ..... . 26
Asterisk AAIESSES ..veevvivveieenenienieesenineriertrsrecseeeeersesessessens 10
Blank Addresses ..., 10
Blank Constants . 13
Bootstrap Card 26
Character AdJuStment ........ccovevieveveeseiineniensecsisisensresisssesenns 10
Clear-Storage Cards ......ccovveeirenseenrininisinneenieserineesmeine 26
Coding ShEet ..oc.cieeeeecriierveeerererers et renens 7
COMMENES ..covoviiniiiirienieeirineesersoreisasesnsssssessesassassssssssessessssseses 12
Comments Card ....oocveevriciiiiivneniiniecnninesciennsssnenesnssesin 12
Condensing ROULINE ..c.coovvvecvecreniverennnierrenressessesesesseessensens 29
Constant Operands .......ccouoiveerenivessesenienusessennissessersniosasenne 10
Core-Storage Address Operands .. st 9
Control (CTL) ccvveriiierreeneivesereiineseresssnesssssesssesssessssssessessanes 19
Count Field ........ vere 8
CTL — CONIOL cvevieriererreririesiesenieneniesessesseseensesesseessasssressenss 19
DC — Define Constant (No Word Mark) ......ccoeeverevreinnnne 14
A-CRATACLET ...coveecrrririiireerereie e e s estese e sessasra e sresanes 12
DCW — Define Constant with Word Mark .......cccceveernennne 13
Declarative Operations .......coceeeevseereesiesensssessessnssssseenne 13
Define Constant (No Word Mark) — DC ......ccovievvirinnnnns 14
Define Constant with Word Mark — DCW ......ccccvvevvvcrenen 13
Define Symbol — DS ....ooviivevvirreirertrcenernieesesnseseenenens 14
Define Symbol Address — DSA ....cceecvvvireieninnneresienieenne 15
DS — Define Symbol ....cccccevivinvenririnrenreciinineeereneeenseesrens 14
DSA — Define Symbol Address ......ccoevververineccerccirnnrensecinnes 15
END — ENQ ooiiieeesrntcsieesesesiesienresesessestosessssssssssssenes 20
End Card Stop .. 22
End of JoD oottt e 25
EX — Execute 20
Imperative Operations .........cueivceeivinnieeiinineenrraninnsessineenee 17
Indexing ...ccoevvevevverrenneinens 11
Information Requirements .. 7
Input-Output Operands .......ccccrimiensennnmsnnnnmesenenemens 10
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Instructions
Introduction ....
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