














































































































DIVISION 

DIVISION EXA,MPL E 

This example uses the value 1027 for the maximum dividend of four digits. It uses the value 031 for the maxi· 
mum divisor If three digits. A quotient of six digits is to be developed, four whole number digits and two 
decimal digit;. In this example neither of the values have decimal digits. Rowand column designations of 
areas are arbitrary. 
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This example uses the symbol * to represent the sentinel for which machine code is 110000. 
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ing, referenced by Wire Number to the accompany­
ing plugboard segments on which the wiring is 
illustrated in Figure 2-17. 

WIRE 
FROM TO 

NO. 

Address Em itter R2 IN, Address Comb i ne 1 

2 Address Em itter C 14 IN, Address Combine 1 

3 Bit Present Emitter X IN, Address Combine 1 

4 OUT, Address Combine 1 ON, Program Select 3 

5 Power, Program Se lect 3 Pick-up, Selector 5 

Through this combination of wiring, Selector 5 is 
picked up when a card is read having an X-punch 
in column 45; that is, the three INs of the Address 
Comb ine are impulsed simultaneously, the OUT 
hub emits a signal to the Program Select, which 
in turn supplies power to the selector pick-up. 
When an X-punch is not present, only the two INs 
wired from the Address Emitter are impulsed, the 
OUT does not emit, and consequently the selector 
is not picked up. By routing control through Selec­
tor 5, we can cause whatever alteration of the pro­
gram is required by the presence or absence of an 
X-punch in column 45. 

This s arne form of se lector pick-up w iring is used 
regardless whether the punch in question is a con­
trol hole to indicate card type, a negative sign 
control, or some other type of control. However, 
the wiring of impulses THROUGH the selector 
differs in each case. 

Control P unche 5 

In the broadest sense, control punches are used to 
alter the performance of the program in some man­
ner. For ins tance, it is cus tomary to identify differ­
eOnt types of cards with significant control punches, 
and to ~se these punches to route the program in 
different directions for the various types of cards. 
One example of this distinction might be to identi­
fy a header card with a 1-punch in column 1 and a 
detail card with a 2-punch in column 1. This ex­
ample assumes that only these two punches are 
possible in column 1. The wiring to accomplish 
selector pick-up from these two control punches 
is shown in Figure 2-18. 
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WIRE 
NO. FROM TO 

Address Emitter R 1 IN, Address Combine 1 

2 Address Emitter C 1 IN, Address Combine 1 

3 Bit Present Emitter 4 IN, Address Comb ine 1 

4 Bit Absent Emitter 1 IN, Address Combine 1 

5 OUT, Address Comb ine 1 ON, Program Se lect 4 

6 Power, Program Se lect 4 Pic k-up, Se lector 4 

7 Address Emitter Rl IN, Address Comb ine 3 

8 Address Emitter C 1 IN, Address Combine 3 

9 Bit Present Emitter 4 IN, Address Comb ine 3 

10 Bit Present Emitter 1 IN, Address Combine 3 

11 OUT,Address Combine 3 ON, Program Select 5 

12 Power, Progra m Se lect 5 Pick-up, Selector 5 

It is especially important to note the effect of Wire 
4, which is vital to the correct identification of 
the two punches. Since the XS-3 codes for the 
values 1 and 2 both contain a bit in the 4-level, 
the omission of Wire 4 would cause both selectors 
to be picked up when the 2-punch was detected. 
To prevent this unwanted selector pickup, Wire 4 I 

is included to deliver a pulse from the Bit Absent 
Emitter to Address Combine 1 and thereby to cause 
Selector 4 to be picked up only when the 1-punch 
is present. 

Note that this WIrIng is effective to pick-up the 
selectors at tlle time the card is read. 

Let us assume ° that the program requires all cards 
to go through Steps 1 through 5, and thereafter, 
the header card to be routed to Step 7 and the de­
tail card to Step 14. The wir.ing required to ac­
complish this is as follows: 

WIRE 
FROM TO 

NO. 

13 Process, Step 5 Common, Selector 4a 

14 Select, Selector 4a Step Sequence Change 7 

15 N on-Se lect, Se lector 4a Common, Selector 5a 

16 Se lect, Se lector 5a Step Sequence Change 14 

17 N on-Se lect, Se lector 5a Ind icator 1 and Halt 
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Note that the non-select side of Selector Sa is 
wired to indicate an error and to stop the machine. 
An impulse can be directed through the non-select side 
of Sa 0 N L Y when neither Selector 4 nor Selector 5 
is picked up, which means that column 1 of the 
card contains neithe r a 1- nor a 2-punch. Since 
this example specifies that each card must con­
tain one or the other of these punches, an error 
condition exists and must be corrected. 

The preceding example specified the possibility 
of only a 1- or a 2-punch in column 1. If this ex­
ample is extended to included the possibility of 
punches from 1 to 9 in column 1, it is advisable to 
identify the punching in a different manner but al­
so through the use of selectors. 

Four Address Combines are wired to pick up selec­
tors from each of the numeric bits in column 1, as 
follows: 

WIRE 

NO. 

2 

3 

4 

5 

FROM 

Address Emitter R1 

Address Em itter C 1 

Bit Present Emitter 8 

OUT,Address Combine 25 

Power, P .S. 12 

TO 

IN, Address Combine 25 

IN, Address Combine 25 

IN, Address Combine 25 

ON,ProgramSelect 12 

Pick-up, Selector 5 

Similarly, Bit Present Emitter hubs 4,2, and 1 are 
wired to pick up Selectors 6, 7, and 8 respectively. 
Then the wiring shown in Figure 2-19, serves to 
identify each of the pos sibilities. Note that this 
wiring is representative - no attempt is made to 
show where each of the impulses is routed. What­
ever purpose is to be accomplished by the identi­
fication of the various punches can be effected by 
appropriate wiring of the impulses. The circled 
numbers shown merely indicate the identification 
of the specific value punched in column 1 of the 
card. 

Negative Sign Indication 

As previously stated, it is customary to indicate a 
negative sign for a card field by the presence of a 
control punch, usually an X-punch in the least 
significant column of the card field. When this is 
true, the automatic translation of input information 
as the card is read causes the X-bit to be inserted 
in the appropriate location in storage to be us~d 

as a negative sign for the card field. However, it 
is possible that some other punch may be used as 
a ne gative sign indication. In that case, it is neces­
sary to perform an editing operation to insert the 
X-bit in storage. 

For example, a card field in columns 46 to 50 is 
to be considered ne gative if there is an X-punch 
in column 79. In this case, the X-punch in column 
79 is wired to pick up a selector as the card is 
being read, using the following wiring (Figure 2-20): 

WIRE 

NO. 
FROM TO 

Address Emitter R3 IN, Address Combine 22 

2 Address Emitter C1l IN, Address Combine 22 

3 Bit Present Emitter X IN, Address Combine 22 

4 OUT, Address Combine 22 ON, Program Se lect 12 

5 Power, Program Se lect 12 Pick-up, Selector 39 

Then, after the card has been read, Selector 39 is 
used to indicate the sign of the card field. One way 
to do this is to trans fer the information in this 
card field to a working storage location and to 
superimpose the sign indication, if any, at the 
same time. This transfer must, of course, be ac­
complished by a program step. 

It is important to keep the following distinction 
in mind when inserting or superimposing charac­
ters or bits based on punches in cards. 

1. The CHARACTER OR BIT to be inserted 
or superimposed depends upon one or more 
selectors, which may be picked up from any 
position in the card, preferably at the time 
the card is read. 

2. The LOCATION into which the character or 
bit is to be inserted or superimposed de­
pends upon the storage designated as Oper­
and 2 on the program step which performs 
transfer. 

In the case of this sign detection example, the 
wiring described above accomplishes the selector 
pick-up during the read operation. Thus, the re­
mainder of the problem consists of specifying the 
wiring to perform the actual entry of the sign bit 
into storage. 

If it is desirable to leave the card field informa­
tion in its original locations in read storage, the 
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Figure 2-19. Wiring to Identify Punches. 
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fastest method of including the sign bit is to per­
form a transfer of only the LSL of the field to the 
same location in which it is presently located, 

superimposing an X-bit through the use of the 
selector. In the example cited above, the step 
would be wired using location R2/C19 as both 
Operand 1 and Operand 2, the Superimpose option 
of transfer, and the following additional wiring 

(Figure 2-20): 
FROM TO 

Address Emitter R2 
Address Emitter CI9 

IN,Address Combine 53 
IN,AddressCombine 53 

OUT, Address Comb ine 53 Common, Se lector 39a 
Se lect, 39a Bit Generator X 

Thus, when Selector 39 is picked up by the pre­
sence of an X-punch in column 79, the wiring shown 
above will cause an X-bit to be superimposed on 
the information in the LSL of the card field. Sub­
seque nt use of this field in arithmetic processes 
can then insure that the sign indication will be 
effective. Note that if the X-punch in column 79 
is not present in the card, Selector 39 will not be 
picked up, and the step shown above will merely 
transfer the data originally stored in R2/CI9. 

If it is des ira ble to trans fer the card fie ld informa­
tion to some other storage locations, the same type 
of wiring permits the X-bit to be superimposed. In 
that case, the wiring to Address Combine 53 should 
be from the Address Emitter hubs associated with 
the LSL of Operand 2. 

OUTPUT EDIT 

Printing 

Several important considerations in editing for 
printout include the alignment of information into 
proper order for printing, suppression of non-signi­
ficant zeros, insertion of symbols and punctuation, 
and conversion of a machine minus code to an ap­
propriate printer symbol. 

Alignment of in formation may involve rearrange­
ment of fields or possibly only the insertion of 
spaces between fields. For example, in a straight 
listing which simply prints out the contents of a 
number of cards, it is desirable to insert spaces 
between fields for ease in reading the printed re­
sult. Similarly, while there are a number of rea­
sons for storing data in consecutive locations (to 

accumulate totals of several adjacent card fields 
in one step, for instance), it is seldom desirable 
to print this data in consecutive printing positions. 
In each of the se ins tances the solution of the pro­
blem is to insert spaces when transferring the data 
into print storage. 

If only one space is to be inserted, the desired re­
sult is achieved by use of the Insert transfer pro­
cess and the Character Generator Space hub. As­
sume two card fields in consecutive storage loca­
tions, the first field in Rl/CI5-Rl/CI7 and the 
second in Rl/CI8-Rl/C22. The first field is to 
prin t in positions 2-4 and the second in positions 
6-10, with a space in position 5. It is possible to 
transfer both fields and to insert the space on one 
program step by means of the following wiring: 

Process: Insert 

Operand 1: MSL Rl/CI5 
LSL Rl/C22 

Operand 2: MSL R6/C7 (Print Storage 2) 
LSL R6/C15 (Print Storage 10) 

Print position 5 is represented in print storage by 
location R6/CIO. The following wiring will cause 
a s pace code to be inserted in this position during 
the insert step described above. 

WIRE 
NO. FROM TO 

Address Emitter R6 IN, Address Combine 55 

2 Address Emitter CIO IN, Address Comb ine 55 

3 OUT, Address Combine 55 Character Generator Space 

This WIrIng is illustrated with solid lines in 
Figure 2-21. The Character Generator Space hub 
should always be used where only one space is to 
be inserted. 

When printing areas are to be separate.d by the in­
s ertion of several consecutive spaces, a slightly 
different technique is used. This method makes. use 
of the Space Generate - Start and End hubs. The 
wiring of these hubs defines the beginning and 
ending locations in Operand 2 where spaces are 
to be inserted. It is possible to insert successive 
s paces in several locations within the Operand 2 
area by wiring more than one location to each of 
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these hubs. For example, data in locations R3/Cl -
R3/Cll is to be transferred to print storage areas 
as shown in Figure 2-22. 
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, 
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Figure 2-22. Space Insert. 

One program step can transfer all this data and 
insert the correct number of spaces, by means of 
the following wiring: 

Process: Insert 

Operand 1: MSL R3/Cl 
LSL R3/Cll 

Operand 2: MSL R7/Cl 
LSL R7/C16 

Additional wiring to define the start and end of 
the two areas in which spaces are to be generated 
is as follows (Figure 2-23): 

WIRE 
NO. FROM TO 

Address Emitter R7 IN,Address Combine 41 

2 Address Emitter C5 IN, Address Comb ine 41 

3 OUT,Address Combine 41 Space Generate - Start 

4 Address Emitter R7 IN, Address Combine 42 

5 Address Emitter C7 IN,Address Combine 42 

6 OUT, Address Combi ne 42 Space Generate - End 

7 Address Emitter R7 IN, Address Comb ine 44 

8 Address Emitter C12 IN,Address Combine44 

9 OUT, Address Combine 44 Space Generate - Start 

10 Address Emitter R7 IN, Address Comb ine 45 

11 Address Emitter C13 IN,Address Combine45 

12 OUT,Address Combine 45 Space Generate - End 

Any number of Space Generate Start and End ad­
dresses may be specified within the limits of 
Operand 2 on a single step. It is also possible to 
combine the insertion of single spaces and multi­
ple spaces (as illustrated in these two examples) 
in a single step. 

Zero Suppression 

The suppression of non-significant zeros is an 
important consideration of output editing. The 
1 004 pro c e s s 0 r provides two zero-suppress 
trans fer ins tructions that ,replace non-significant 
zeros with either spaces or asterisks at the op­
tion of the programmer. The rules governing the 
operation of these processes are detailea in the 
section of this ch apter called "Transfer." 

Removing non-significant zeros from totals is pro­
bably the most frequent use of zero suppression in 
editing print output. The result of an arithmetic 
step is "packed" with zeros; that is, any location 
not containing a significant digit is filled with a 
zero. Thus, any total accumulated in the machine 
is zero-filled. For ease of reading the printed out­
put, most applications require the elimination of 
of zeros preceding the mos t significant digit of a 
total amount. 

Areas in storage to be zero-suppressed are indica­
ted by the wiring of Zero-Suppress Start and End 
hubs in addition to one of the zero-suppress pro­
cesses. As in any step, two operands must be de­
fined by wiring. Zero-suppress start and end ad­
dresses are always wired with reference to Oper­
and 2 locations. Any n umber of zero-suppress start 
and end addresses may be speCified within the 
limits of Operand 2 on a single step. 

For example, assume a totals-only operation in 
which the totals have been accumulated in print 
storage in the locations indicated in Figure 2-24. 
Before printing these totals, it is necessary to 
suppress zeros preceding the first significant 
digit of each of the totals. Since these totals are 
already located in the appropriate locations in 
print storage, the step to perform the zero-sup­
pression specifies the same locations for Operand 
1 and Operand 2. 
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Figure 2-23. Space Generate Wiring. 
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Figure 2·24. Totals in Storage Before and After 
Zero-Suppression. 

Step wiring is as follows: 

P roces s: Zero-Suppress Space - Descending 

a per and 1; MSL R8/C3 
LSL R8/C12 

Operand 2: MSL R8/C3 
LSL R8/C12 

aa 

bb 

cc 

dd 

~~~~~~~~~~ __ ~~~~~~~~~~~ee 
ff 
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Figure 2-25. Zero-Suppress Wiring. 
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Additional wiring necessary to create the desired 
output is as follows (Figure 2-25): 

FROM TO 

Address Emitter RB IN, Address Combine 41 

Address Emitter C3 IN, Address Combine 41 

OUT, Address Combine 41 Zero-Suppress Start 

Address Emitter RB IN, Address Combine 42 

Address Emitter C6 IN, Address Combine 42 

OUT, Address Combine 42 Zero-Suppress End 

Address Emitter RB IN, Address Combine 43 

Address Emitter C 7 IN, Address Combine 43 

OUT, Address Combine 43 Zero-Suppress Start 

Address Emitter RB IN, Address Combine 44 

Address Emitter C12 IN, Address Comb ine 44 

OUT, Address Combine 44 Zero-Suppress End 

Note that this com bination of wiring removes zeros 
BE FOR E the mos t significant digit in each zero­
suppress field, but leaves any zeros unaltered in 
the body of a field as in locations R8/C6 and 
R8/Cll in the example in Figure 2-24. 

The replacing of zeros with asterisks is most fre­
quently used in check-writing applications, where 
the asterisks serve the function of a built-in check­
protector. The Zero-suppress Start and End hubs 
are wired from the OUT hubs of Address Combines 
as illustrated in the preceding example. The only 
difference would be the use of Zero-Suppress 
Asterisk as the process of the step. 

Assume a payroll program in which the net pay 
amount has been developed in working storage 
locations R5/C26 - R5/C31. The problem speci­
fications state that net pay will never exceed five 
digits (though it may be less than five) and that 
the net pay amount must be preceded by at least 
one asterisk. It is also desired to insert a period 
between the dollars and cents portions of the net 
pay figure when the check is printed. (The dollar 
sign is pre-printed on the checks.) (See Figure 2-26). 

Step wiring is specified as follows: 

Process: Zero-Suppress Asterisk and Insert -
both Descending 



Operand 1: MSL R5/C26 
LSL R5/C31 

Operand 2: MSL R7/C18 
LSL R7/C24 
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Figure 2-26. Asterisk and Decimal Insert. 

Additional wumg to create the desired output is 
follows (Figure 2-27): 

FROM TO 

Address Emitter R7 IN, Address Comb ine 41 

Address Emitter C18 IN, Address Combine 41 

OUT, Address Combine 41 Zero-Suppress Start 

Address Emitter R7 IN, Address Combine 43 

Address Emitter C21 IN, Address Comb ine 43 

OUT, Address Combine 43 Zero-Suppress End 

Address Emitter R7 IN, Address Comb ine 45 

Address Emitter C22 IN, Address Combine 45 

OUT, Address Comb ine 45 Character Generator-Period 

Note that the same Zero Suppress Start and End 
hubs are wired as in the previous example. The 
machine determines on the basis of the PROCESS 
that is wired whether to insert spaces or asterisks 
in place of non-significant zeros. 

Note also that, to place at least one asterisk 
ahead of the net pay amount, Operand 1 begins 

with R5/C26, which always contains a zero, and 
the zero suppress field begins with R7/C18. In the 
example shown, because net pay is only a four­
digit number, the result is the insertion of two 
asterisks before the first significant digit. 

Insertion of Punctuation and Symbols 

The insertion of punctuation and symbols is an­
other important consideration of editing print out­
put. The rules governing the Insert transfer pro­
cess are detailed in the section of this Chapter 
entitled "Transfer." Remember that the wiring of 
locations for insertions is always done with refer­
ence to Operand 2 locations, and that the number 
of characters to be inserted must be included in' 
determining the number of locations required in 
Operand 2. 

Insert transfer is frequently combined with zero 
suppression, especially in the case of machine­
accumulated totals. These two processes used in 
combination make a powerful edit instruction. To 
illustrate this fact, consider the following problem 
and the various examples of printing which result 
from di fferences in the actual value in storage. 

A money total accumulated in storage may contain 
any number of digits, from 1 to 7. This total is to 
be printed with two marks always present - a 
dollar sign preceding the field and a decimal point 
to separate dollars and cents. If the total is $1000 
or more, a comma is to be printed between the 
hundreds-of-dollars digit and the thousands-of­
dollars digit. All non-significant zeros are to be 
replaced with spaces. 

The total is accumulated in locations R16/C1 -
R 16/C7. It is to be printed in positions associa­
ted with locations R9/C16 - R9/C25. The wiring 
for this step is as follows: 

Process: Insert and O-~,both Descending 

Operand 1: MSL R16/C1 
LSL R16/C7 

Ope ra nd 2: MSL R9/C16 
LSL R9/C25 

Wiring to insert the necessary characters is as 
follows (Figure 2-28): 
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Figure 2·27. Zero-Suppress and Insert Wiring. 
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FROM TO 

Address Emitter R9 IN, Address Combine 41 

Address Emitter C16 IN, Address Combine 41 

a UT ,Address Combine 41 Zero-Suppress Start 

OUT, Address Combine 41 Character Generator $ 

Address Emitter R9 IN, Address Combine 50 

Address Emitter C19 IN, Address Combine 50 

OUT, Address Combine 50 Character Generator , 

Address Emitter R9 IN, Address Combine 47 

Address Emitter C23 IN,Address Combine 47 

OUT, Address Combine 47 Character Generator 

Address Emitter R9 IN, Address Combine 44 

Address Emitter C25 IN, Address Combine 44 

OUT, Address Combine 44 Zero-Suppress End 

c c 
1 2 3 4 5 6 7 16 17 18 19 20 21 22 23 24 25 

8ft±0I0R9 EIJ 8 IJfJIEB 

Figure 2-29. Representative Total in Storage. 

Figure 2-29 shows the results which are created 
by this same wiring depending upon the number of 
digits actually developed in the total. (Space 
codes have been omitted from the diagram to em­
phasize the printing format.) 

Line 1 shows the insertion of a11 marks when the 
total contains the maximum number of digits. 

Line 2, a six digit total, shows the suppression of 
one non-significant zero after the insertion of the 
dollar sign; that is, the dollar sign is inserted but 
zero suppression continues. 

Line 3 illustrates the selective insertion of the 
comma. In this case, the comma is NOT inserted 
in Operand 2 because no significant digit has been 
encountered. 

Line 4 shows that the period IS inserted even 
though it is not preceded by a significant digit. 

Line 5 shows that, not only is the period inserted, 
but that it also causes the end of zero suppression. 
Note that the zero in the ten-cents position is 
trans ferred to the Operand 2 location. 

Note that, while the example shows the expected 
wiring of Zero-Suppress End, the last three con­
nections are actually unnecessary since the in­
sertion of the decimal point A L WAY S stop zero 
suppress ion. 

Sign Ind ication 

A vital consideration in editing print output is 
printing an indication that a field is negative. As 
stated before, the machine code for a negative 
sign is an X-bit in the LSL of an operand. It is 
necessary to edit the sign location in order to 
print a negative indication. Most applications in­
dicate negative quantities by either a minus sign, 
the letter C, or the letters CR, any of which may 
be provided when the data is transferred to print 
storage. 

Although common practice is to designate only 
negative values, the fo11owing example illustrates 
the printing of either a plus or a minus sign. As­
sume that a total has been accumulated in work­
ing storage locations R12/C14 - R12/C19. This 
total and its sign are to be printed in print posi­
tion 124 to 130 (R10/CS to R10/C11). Print posi­
tion 130 is to print either a plus or a minus sign, 
depending upon the sign of the total. 

The editing of this information can be accomplish­
ed in several ways. One possible method is outlined 
below. 



This method assumes that the arithmetic step 
which caused the total to be ~ccumulated also 
delivered a signal to Comparator 10 to establish 
the sign of the res ult. However, the setting of the 
comparator is not tested until the print-editing 
step which performs the transfer. 

The step to accomplish the trans fer is wired as 
follows: 

Process: Insert and Zone-Delete, both Des­
cending. 

Operand 1: MSL R12/C14 
LSL R12/C19 

Operand 2: MSL RI0/C5 
LSL R10/C11 

In addition to this wiring, an Address Combine is 
w ired as follows: 

FROM 

Address Emitter RIO 

Address Emitter C 11 

OUT, Address Combine 42 

- OUT, Comparator 10 

+ OUT, Comparator 10 

TO 

IN, Address Combine 42 

IN, Address Combine 42 

TEST, Comparator 10 

Character Generator -

Character Generator + 

Note the incl usion of the process Zone-Delete in 
this step. It is included to prevent the printing of 
an alphabetic character in the LSL when the minus 
sign is present. 

Zone-Delete should always. be specified in 
editing for print-out of fields which may carry 
a negative sign. 

The same type of wiring illustrated above could 
be used to print the letter "C" to indicate a nega­
tive amount. In that case, the - OUT of Comparator 
10 is wired to Character Generator C and the + 
OUT to Character Generator t1. 

Punching 

In some respects, editing for output punching is 
similar to editing for printing. Data must be ar­
ranged in punch storage in card format, and cer­
tain machine codes must be converted to other 
codes for output. The principles of data arrange­
ment by means of the various transfer orders has 

already bee n covered in detail in previous sec­
tions of this manual. Hence, this section will deal 
with a consideration of code conversion - con­
version of a machine minus code to a punching 
posi tion code. 

Punching Negative Sign Controls 

As noted in the section on input edit, the common 
practice is to punch an X in the least significant 
column of a card field to indicate a negative sign. 
When this is true, no special editing is required 
since the X-bit in the LSL of a field, which in­
dicates the negative sign in machine code, is 
automatically translated to an X-punch as output. 

However, many applications require that a nega­
tive sign for an amount be punched out as a con­
trol hole in a column not in the card field assign­
ed to contain that amount. There are various 
methods of achieving this result; the specific 
me thod used depends upon the program. The fol­
lowing example illustrates one possible method. 

Assume a total has been accumulated in locations 
R12/C11 - R12/C16 (sign in LSL) to punch in 
columns 60-65. If the total is negative, two con­
trol punches are required - a X-punch in column 
65 and a 12-punch in column 78. Column 78 may 
or may not contain other control punches. The 
step which accumulates the total is wired to sign 
compare (Comparator 9) as well as to the arith­
metic process. 

As noted above, no special editing is required for 
the field in columns 60-65. However, the creation 
of the 12-punch in column 78 requires that an edit 
step be performed. One typical method of perform­
ing this editing function is described below. 

Assume that after Step 25 of the program has been 
completed, it is desired to perform Step 42 to edit 
the Y -bit into column 78 if a negative total has 
been developed. A Step Output pulse from Step 25 
is routed to the TEST hub of Comparator 9, and 
the OUT of Comparator 9 is wired to Step Se­
quence Change 42. (If the total is a positive num­
ber, the program proceeds by normal step advance 
to Step 26.) Step 42 is wired to perform the pro­
cess Superimpose, using location R12/C29 (as­
sociated wi th column 78) as both Operand 1 and 
Operand 2. Address Emitter hubs R12 and C29 are 
wired to two IN's of an Address Combine, and the 
OUT of the Combine is wired to Bit Generator Y. 
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A pulse from Step 42 is also wired to Step Se­
quence Change 26 to return the program to the 
normal line of flow. 

If no comparator is available to route the signal, 
the same effect could be achieved through the use 
of a selector, picked up from the presence of the 
X-bit in location R12/C16. This procedure would 
require an additional transfer step to pick up the 
selector. 

FORM CONTROL 

The control of forms to be printed by the 1004 pro­
cessor is accomplished by a combination of the 
input-output functions of Print, Execute, Space 1 
and 2, and Skip 1, 2, and 4. The execution of these 
functions, alone or in combination,determines the 
physical appearanc e of the printed form. 

As previously stated, the Print order by itself 
merely alerts the processor that a print operation 
is to be performed when the Execute order is re­
ceived. Of course, it is possible to impulse Print 
and Execute on the same program step, in which 
case the printing operation immediately follows 
the execution of whatever arithmetic or logical 
process is specified by that step. 

It is important to remember that Print-Execute by 
itself does not involve any movement of the form 
in the print section. This form advance is control­
ed by either a Space or a Skip order, both of which 
function in much the same manner. 

Space 

The orders Space 1 and Space 2 may be signaled 
on any step in the program. When either Space 1 or 
Space 2 is signaled on the same step which im­
pulses Print, the form advance of either one or 
two lines is delayed until cifterthe printing of that 
line. When either space order is signaled alone; 
that is, not accompanied by Print - the spacing 
operation is initiated im mediately. 

The maximum number of lines which can be ad­
vanced in a single step through a Space order is 
two. Even if Space 1 and Space 2 are impulsed on 
the same step, the form is advanced only two 
lines. If more than two lines are to be spaced be­
tween lines of printing, it is necessary either to 
give another space order on another step or to use 
a skip. 

Ski~ 

The 01 ation of the Skip functions is similar to 
that of Space 1 and 2. A skip function may be 
signaled on any step. When Skip is signaled on a 
step which also impulses Print, the Skip function 
is effective after the line has been printed. If Skip 
is signaled on any other step, the skipping action 
is initiated immediately. 

Form Advance 

The delayed and immediate form advance features 
may be utilized by the programmer to space the 
form according to the requirements of the program. 
For instance, when the form is to be single-spaced 
throughout, Space 1 should be signaled on the 
same step which signals Print. Similarly, for a 
form to be double-spaced throughout, Space 2 
should be signaled. 

However, when a form is to be variably spaced, 
according to program-detected relationships be­
tween the various cards, Print-Execute could be 
given without an accompanying Space order. The 
s pace order could then be given later, after the 
relationship between the cards has been deter­
mined. For example, in the case of a form to be 
dou ble-spaced between lines relating to the same 
total but single-spaced before the total is printed, 
this ability can be utilized to good effect. As each 
card is processed and a line is printed, no space 
order accompanies the Print-Execute. After each 
line is printed and the next card is read, the des­
ignating information from the new card is com­
pared to that stored from the previous card. Where 
an "equal" result is detected by the comparison, 
a Space 2 order is given. When a change of desig­
nation is si gnaled by an unequal result (usually 
"greater than"), a Space 1 order is signaled to 
position the form for printing the total. 

Where possible, it is advisable to signal Skip or 
Space simultaneously wi th Print. However, if 
eithe r Skip or Space is signaled separately, it 
should be impulsed as far in advance of the next 
Print-Execute as possible, since an automatic 
interlock will prevent the print section from exe­
cuting another Print order until the form advance 
has been completed. 

It is important to distinguish between the oper­
ation of the Space and Skip functions. Space 1 
and 2 perform exactly as the names state; that is, 



they cause the paper form to be advanced either 
one or two line-spaces. When Skip 1, 2, or 4 is 
impulsed, however, the form is advanced to a pre­
determined line which may be many lines distant. 

In connection with the Skip functions, the oper­
ation of the paper-tape carriage-control loop must 
be understood. The size of the form to be printed 
determine s the length of the paper-tape loop. 
Punches in the three channels of the loop indicate 
various pre-determined stopping places for form 
advance. The channels of the loop are numbered 
1, 2, and 4, corresponding to the three Skip hubs 
on the connection panel. When Skip 1 is impulsed, 
both the loop and the form move until a punch is 
detected in only the 1-channel of. the loop. Move­
men t of the form and the loop stops when this con­
dition is detected. When two Skip functions are 
impulsed simultaneously, the form and the loop 
advance until punches are detected in both of the 
corresponding channels of the loop, at which time 
movement is stopped. 

There are a total of seven unique stopping-points 
available through the use of single and combina­
tion punches in the paper-tape loop. Two of these 
seven positions (the 1 punch alone and the com­
bination of all three punches - 1, 2, and 4) have 
been assigned specific meanings although their 
use is not limited to these meanings; the remain­
ing five may be used in any manner required by 
the program. These two pre-assigned skips are 
described below. 

Skip 7 has been assigned as the home paper posi­
tion, which is usually the first line to be printed 
on each form. The first line to be printed should 
al ways be indicated in the carriage-control loop 
by a punch in all 3 channels.The Home Paper but­
ton on the control panel, when pressed, always 
causes the form to advance to this point, thus 
ma king it easy for the operator to pos ition the 
form correctly before beginnin g a run. 

Skip 1 has been assigned the function of signal­

ing the completion of one page of a form. Most 

applications require an indication when the last 

desired line of a form has been printed, either 

to prevent printing over the perforations between 

forms or to allow for the possibility of multiple­
page items such as invoices. The carriage-control 

loop should alWays be punched in the first chan­
nel at the line corresponding to the last line de­
sired for printing in the body of a form. The 
mechanism of the carriage, sensing that the first 
channel is punched, causes a signal to be de­
livered from the Form Overflow hub on the con­

nection panel. The Signal is emitted only when 
the form is being printed on a line where Skip 1 

punching is present in the paper loop. Advancing 
the form past this line will not cause Form Over­
flow to emit. Thus, if variable spacing in the 
body of the form means that the final line of print­
ing may occur at one of several lines on the form, 

all such possible lines of the paper loop should 
contain Skip 1 punching. 

It is important to remember that the Form Over­
flow signal is delivered during the printing oper­
ation. Therefore, the Form Overflow signal must 
be "remem bered" in some manner because the 
signa 1 itself will no longer be present after the 
print operation is completed. The method of re­
membering this signal is to deliver it to the 
ON of a Program Select, which picks up a Selec­
tor. Then the condition of this Selector can be 
tested by the program, using the non-select side 
to continue the normal flow, and the select side 
to direct the program into a sub-routine to accom­
plish any desired resu lts (print page totals~ ad­
vance the form, print second-page headings, and 
so forth). 

Note that the function of Form Overflow is to 
signal the last desired line in the body of a form. 
After the condition is detected, it is still possible 
to print additional lines on the form - such as 
page totals, or balance forward sub-totals -
at the discretion of the programmer. The Form 
Overflow signal is simply a means of recog­
nizing that the condition exists; the programmer 
has complete control over what use is made of 
the signal. 
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v. MULTIPLE OPERATIONS AND TIMING 

MULTIPLE OP ERATION PROGRAM STEP 

The chart in Figure 2-30 shows the various ma­
chine operations which can be performed during a 
single program step. To determine allowable com­
binations, find the principal operation of the step 
in the Principal Operations column. Reading across 
the page, any auxiliary operation marked with an 
X may be combined with the principal operation 
on anyone step. 

Any number of operations marked with an X in any 
one line may be wired to one program step, with 
the following considerations: 

1) Only one auxiliary operation with a like 
sub-number (1-5) can be used on one step. 

2) Group I (Arithmetic) operations CAN NOT be 
combined with Group II (Logical) operations. 

3) Group III (Input-Output) operations can be 
combined with either Group I or Group II 
operations. 

When multiple-operation steps are used, the fol­
lowing sequence of execution occurs: 

A. Group I (Arithmetic) combined with Group III (I/O). 

1. Group I (Arith.) executed first. 

2. Group III (I/O) executed last. 

B. Group II (Logical) combined with Group III (I/O). 

1. Group II (Logical) executed first. 

2. Group III (I/O) executed las t. 

Any allowable combination of operations within 
Group I or within Group II are executed simultane­
ously on a multiple-operation step. 

All specified input-output functions are normally 
executed simultaneously during a multiple-oper­
ation step. However, if a form advance is still in 
progress from a previous instruction, a Print-Exe­
cute or a new form advance instruction will be de­
layed until completion of the previous form ad­
vance. If a form advance instruction is given with 
a Print instruction, the form advance is delayed 
until the print has been executed. 

A Punch Test feature is prOVided. When Punch 
Test is interrogated on any given step, step ad­
vance is delayed until any punching operation in 
progress has been completed. 

If an Arithmetic or Logical process is not includ­
ed as part of a step, NO PRO (No Process) must 
be wired to prevent stalling the process or. 



AUXILIARY OPERATION 

GROUP 1 GROUP II GROUP III 

PRINCIPAL ARITHMETIC LOGICAL INPUT·OUTPUT 

OPERATIONS 
DGB 

ADD ADD SUBT SUBT SIGN IDS SK PU COMP TRF ID (A •• 
(De· G·~ 0'.* IN SI SP PR RD EX scend-ALG ABS ALG ABS COMP cending Ing (1.2) (1.4) (H.C) 

only) only) 

ADD. ALG. X X X X X X X 

ADD. ABS. X X X X X X X 

SUBT. ALG. X X X X X X X 

SUBT. ABS. X X X X X X X 

SIGN COMPo Xl Xl Xl Xl X X X X X X 

COMPo X X X X X X 

TRF. X2 X2 X X3 X3 X4 X4 X X X X X X 

ID X X X3 X3 X4 X4 X X X X X X 

IDS X X3 X3 X4 X4 X X X X X X 

DGB X X X3 X3 X4 X4 X X X X X X 
f--

D'.~ X X2 X2 X X4 X4 X X X X X X 

G·* X X2 X2 X X4 X4 X X X X X X 

IN X X2 X2 X X3 X3 X X X X X X 

SI X X2 X2 X I X3 X3 X X X X X X 
I 

SP (1.2) Xl Xl Xl Xl X5 X5 X X2 X2 X X3 X3 X4 X4 X X X X X 

SK (1.4) Xl Xl Xl Xl X5 X5 X X2 X2 X X3 X3 X4 X4 X X X X X 

PR Xl Xl Xl Xl X5 X5 X X2 X2 X X3 X3 X4 X4 X X X X X 

RD Xl Xl Xl Xl X5 X5 X X2 X2 X X3 X3 X4 X4 X X X X X 

EX Xl Xl Xl Xl X5 X5 X X2 X2 X X3 X3 X4 X4 X X X X X 

PU (H-C) Xl Xl Xl Xl X5 X5 X X2 X2 X X3 X3 X4 X4 X X X X X 

NO PRO. X X X X X X 

NOTES: A. Only one operation with a like sub-number (1 through 5) can be performed on anyone step. 
B. Group I and Group II operations can not be combined on the same step. Groups I and III, or Groups II and III are allowable combinations. 

Figure 2-30. Multiple Operations Chart. 

TIMING 

Because of variable-operand-Iength logic, and the 
ability to perform multiple operations during a 
single program step, the actual time required to 
complete a step is variable. The following basic 
timing enables the programmer to determine the 
time required for any given program step or series 
of steps. 

Add or Subtract 

56 microseconds for the firs t character in Oper­
and 2. 

16 microseconds f.or each additional character 
in Operand 2. 

16 microseconds for recomplementing each 
character of a complementary result in Oper­
and 2. 
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16 microseconds per program step when the 
signs of the operands are NOT alike. 

Transfer 

48 microseconds for the first character in 
Operand 2. 

24 microseconds for each additional character 
in Operand 2. 

8 microseconds for each Start or End of Zero­
Suppress. 

8 microseconds for each Start or End of Space­
Generate or Superimpose. 

16 microseconds for each character inserted. 

Compare 

56 microseconds for the first character in 
Operand 2. 

8 milliseconds for each additional line space. 
Processor NOT interlocked. Printer inter­
locked. 

On multiple-process and/or function steps the fol­
lowing rules govern the sequence of execution: 

1) Multiple logical processes are executed 
simultaneously. 

2) Multiple I/O functions are executed simul­
taneously, with the exception stated in (4) 
below. 

3) When arithmetic or logical processes are 
combined with I/O functions, they are exe­
cuted before the I/O functions. 

4) When a space or skip function is combined 
with a Print instruction, the Print will be 
executed before the Space or Skip. 

In Summary 

16 microseconds for each additional character Classification of processes and functions. 
in Operand 2. 

Read 

6~ milliseconds for the first column. Processor 
interlocked. 

1.32 milliseconds for each additional column. 
Processor interlocked. 

P rint- Execute 

150 milliseconds maximum. Processor interlock­
ed. 

Space 1 

20 milliseconds. Process or NOT interlocked. 
Printer interlocked. 

Space 2 

28 milliseconds. Processor NOT interlocked. 
Printer interlocked. 

Skip 

20 milliseconds for one line space. Processor 
NOT interlocked. Printer interlocked. 

ARITHMETIC PRO. LOGICAL PRO. I/O FUNCTIONS 

1. Add Algebraic 1. Transfer (All options) 1. Read 

2. Add Absolute 2. No Process 2. Print 

3. Subtract Algebraic 3. Execute 

4. Subtract Absolute 4. Punch Hold 

5. Compare 5. Punch Clear 

6. Sign Compare 6. Punch Test 

7. Space (1-2) 

8. Skip (1, 2, 4) 

For purposes of explaining machine timing, a pro­
gram step may be considered to consist of four 
sub-steps: 

1) Initiate 

2) Execute 

3) Special Results (Arithmetic and Compare 
Steps Only) 

4) Step Advance 

The chart in Figure 2-31 illustrates the sequence 
of events within a step. 



SEQUENCE OF EVENTS WITHIN A PROGRAM STEP 

TYPE INITIATE EXECUTE SPECIAL RESULTS ADVANCE 

GENERAL • Test Selectors and Comparators for process change. • Processes and functions are executed. • Arithmetic Overflow is signaled. • Test for Step Sequence Change. • Processes and functions to be performed are • Form Over·Capac ity is signa led. • Arithmetic Result Sign is determined. • Step advance. 
determined. • Data in Operand 2 may be interrogated. • Comparison Result is determined. • Order of execution of multiple processes and 
functions is determined. 

• Arithmetic Overflow is cleared. 
Delay for step control circuit switching. 

ADD or • Operand signs examined for algebraic determination • Arithmetic is completed. • Result Sign is determined. • Test for Step Sequence Change. 
SUBTRACT of process. • Arithmetic Overflow is signaled. • Step advance. 

COMPARE • Numeric or Alphanumeric process determined. • Comparison is made. • Comparison Result is set. II Test for Step Sequence Change. 
• Comparator cleared. .. Step advance • 

TRANSFER • Processes determined. TRF, ZD, ZDS, 0-L'1, 0-*, • (1) OP} transferred to OP2. • Test for Ste p Sequence Change. 
IN, SI, DOB (2) Zeros deleted from OP2. • Ste p advance. 

(3) Zeros suppressed. 
(4) OP} cleared. 
(5) Insertions made. 
(6) Bits superimposed. 

• Control positions examined. 

• Program Select turned on from Combine Out. 

PUNCH • Punching starts. • Processor interlock is removed. • Test for Step Sequence Change. 
CLEAR • P~nch Storage area starts clearing. • Step advance. 
(NP must be (Punching continues) 
wired) 

PUNCH • Punching starts. • Processor interlock is removed. • Test for Step Sequence Change. 
HOLD • Punch Storage area is not cleared. .. Step advance • 
(NP must be (Punching continues) 
wired) 

READ • Processor interlocked. • Reading is terminated when Read End • Test for Ste p Sequence Change. 
EXECUTE • Data in the card is read and stored in the Read Storage area. address is reached. • Step advance. 

• Read Storage area may be scanned for control or Over-Capacity bits. • Processor interlock is removed. 
• Program Selects may be turned "ON" from Combines. 

PRINT • Process or Inter locked. • Processor interlock is removed. • Test for Ste p Sequence Change. 
EXECUTE • Printing occurs. • Ste p advance. .. Form Overflow position is signaled • 

• Program Select may be turned "ON" from Over-Capacity. 

PRINT and/or • Processes are determined. • Arithmetic or Logical process • Print and/or Read is executed. • Arithmetic Overflow and Result Sign is II Test for Step Sequence Change. 
READ EXE- • Order of execution is established. is exec uted. • Form Overflow position is indicated. • Step advance. CUTE with 
ARITHMETIC signa led. • Compare Result is set. 
or LOG. PRO. • Processor interlock is removed. 
PRINT EXE- • Processes and functions are determined. • Printing takes place. • Space or Skip is started. • Processor interlock is removed. • Test for Step Sequence Change. CUTE with • Order of execution is established. • Form Overflow position is • Step advance. SPACE or 
SKiP"(NP signa led". (Spacing or Skipping continues to completion.) must be wired) 

PUNCH with • Processes and functions are determined. • Arithmetic or Logical processes • Punching is started. • Special Results of Arithmetic and/or Logical • Test for Step Sequence Change. 
ARITHMETIC • Order of execution is established. are executed. processes are indicated. II Step advance. and/or 
LOGICAL • Processor interlock is removed. (Punching continues) 
PROCESS 

Figure 2-37. Sequence Chart. 
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VI. OPERATOR CONTROLS 

The operator controls of the 1004 processor are 
loca ted in three areas across the fron t of the ma­
chine. A single, centrally located panel houses 
the maj or machine controls. Four additional con­
trols are located at the left of the processor, and 
are associated with the paper forms used by the 
printer. A display panel is mounted at the extreme 
right of the machine, and is referred to by the 
operator to mon itor the progress of the program 
through the machine. 

CENTRAL CONTROL PANEL 

The central control panel is located to the right 
of the printer carriage. Its location, in relation to 
the input magazine, card stacker, and printer car­
riage, augments the one-work-station principle 
built into the 1004 processor to assure ease of 
operation. The panel contains various switches, 
buttons, and button-lights which govern readin g, 
process ing, and printing operations. 

Power 

At center left is the main power control of the proc­
essor. The control consists of two button-lights 
labeled Power - On/Off. The button-light labeled 
Power On serves two purposes. It is pressed once 
to connect AC and DC power to the machine. When 
all interlocks are complete the button light glows 
green. 

The button-light labeled Power Off disconnects 
power to the processor when pressed. This button-

light also serves to indicate that AC and DC power 
is being supplied. When the ON button is pressed 
AC power is supplied and the upper portion of the 
OFF button glows white. After a short warm-up period 
DC power is supplied and the lower portion of the 
OFF button glows white. 

Genera I Clear 

The General Clear button performs four functions 
simultaneously. These functions are: 

1. Clear all internal controls to an initial 
state. 

2. Clear the Program Step Outputs to their 
no-output state. 

3. Clear all error and fault indicators. 

4. Turn off all Program Selects. 

This button should be pressed before the start of 
each new program. 

NOTE: General Clear does not clear storage. 

Initial Start 

The Initial Start button is pressed at the start of 
a run. Pressing this button causes the Step Out­
puts to clear to their no-output state, and provides 
a signal at the START hub of the connection panel. 



Manual Feed 

The Manual Feed Button-light is pressed to 
deliver a card from the input magazine to the 
wait station. Feeding is disallowed if a card is 
in the wait station, and/or a stop condition exists. 

A feed control switch in the upper portion of 
the panel is provided to clear the read section 
and is used primarily for maintenance and program 
checking. When this control switch is operated 
and the Manual Feed button is pressed, card 
feeding is allowed regardless of stop conditions. 

Alternate Hold 

The Alternate Hold control consists of four but­
ton-lights. These buttons are related to the four 
Alternate Hold pairs of hubs on the Connection 
panel. When a button is OFF, it does not light, 
and constant power is available at the A hub of 
the associated Hold on the connection panel. 
Pressing the button turns on the light and pro­
vides constant power at the B hub of the associat­
ed Hold on the panel. 

An additional depression of the button returns the 
button to the OFF condition. 

Run 

The Run button is pressed to initiate execution of 
the program steps wired on the connection panel. 
If the Run button is pressed after a depression of 
the Initial Start button, the program starts at the 
step wired from the START hub of the connection 
panel. If the Run button is pressed without a prior 
depression of the Initial Start button, the program 
resumes at the step on which it was stopped. 

. If processing was stopped by an abnormal condi­
tion which has been corrected, the abnormal in­
dication is cleared by the Run button. 

Stop 

The Stop button-light is pressed to halt the processor. 
When pressed, the Stop button causes the proces­
sor to halt at the completion of the current step, 
and the button glows red. 

Mode 

The Mode switch is a four-position control which 
defines the manner in which processing is per­
formed. The four positions are as follows: 

CON TIN U 0 US: The process or operates continu­
ously until a programmed halt is 
encountered, or an abnormal con­
dition arises, or until the oper­
ator introduces a manual stop. 

ST E P : The processor is brought to a 
halt at the end of each program­
med step. 

eye L E: The processor stops at the end 
of each memory cycle, except 
during the execution of Input/ 
Output operations. 

T EST: Prov ided for maintenance purposes. 

Paper Advance 

The Paper Advance con trol is a thumb wheel type 
control, and is used by the operator to advance 
the paper form manually. When the wheel is turned 
in an upward direction, the form can be advanced 
one line at a time, or any number of lines. 

Left Tractors 

The Left Tractors control knob is associated with 
the left-hand paper drive tractors of the printer. 
Movement of this knob in a clockwise direction 
moves the associated tractors to the right. Move­
ment of the knob in a counter-clockwise direction 
moves the tractors to the left. The left tractors of 
the printer are positioned for varying widths of 
paper by rotation of this knob. 

Right Tractors 

The Right Tractors control knob operates in the 
same manner as the· Left Tractors Knob, and is 

associated with the right-hand paper drive of the 
printer. 
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Oi sconnect Tractors 

This control is a combination button and light. 
When the Disconnect Tractors button is pressed the 
right and left tractor assemblies are disconnected, 
and the button-light glows red. To link the assem­
blies the button is again pressed and the light is 
extin guished. 

Home Paper 

Depressing the Home Paper button causes the 
paper form in the printer to advance until the home 
paper code punched in the paper tape control loop 
is read. 

Carriage In 

The Carriage In button is pressed to cause the 
carriage to move toward the rear of the printer. 
When the button is released, carriage movement 
stops. 

Carriage Out 

Depressing the Carriage Out button causes the 
carriage to move toward the front of the printer. 
When the button is released, carriage movemen t 
stops. The carriage is positioned OUT to facili­
tate inserting or removing the paper forms. If the 
carriage is not fully pos itioned in the IN position, 
the Carriage Out light glows red. 

Change Ribbon/Positioned 

The Change Ribbon control is a combination but­
ton and light and is provided to facilitate replace­
ment of the ribbon in the printer. A ribbon is 
changed most easily when the used ribbon is 
fully wound on the supply reel. When the Change 
Ribbon button is pressed, the upper portion of the 
button lights while the ribbon is winding onto the 
supply reel. After the ribbon is fully wound, the 
processor is brought to a halt, and the lower por­
tion of the button, labeled Positioned, lights. 
Printing can continue during rewinding time. 

PAPER FORM CONTROLS 

Four dials are located at the front of the proces­
sor, to the left of the printer carriage. These dials 
serve to position the paper form in the printer car­
riage. 

Form Thickness 

The setting of this dial determines the distance 
between the surface of the print drum and the print 
hammers. This space accommodates varying thick­
nesses of paper forms, and is adjustable to allow 
free movement of the forms during skipping and 
spacing. With this dial, optimum print quality can 
be obtained for any thickness of paper. 

Print Line Position 

The Print Line Position dial permits the operator 
to make minor adjustments to the vertical location 
of the printed line. Such adjustment allows the 
operator to position the horizontal printed line in 
proper relationship to the imprinting of the form. 

Form Tension 

Setting the Form Tension dial increases or de­
creases the distance between the upper and lower 
tractors that hold the paper form in correct align­
ment. Proper vertical tension can be ma!ntained 
on the forms by proper settings of this dial. 

Den sity Selector 

The Density Selector is a four-position control 
which allows the operator to vary the striking 
force of the print hammers. Position 1 provides 
minimum striking force; position 4 provides maxi­
mum striking force. The Carriage must be OUT to 
make this control effective. 

DISPLAY PANEL 

The Display Panel consists of four rows of indicator 
lights with eight lights in each row. The indicating 
lights are overlaid with a translucent mask bearing 
the labels which identify the feature or operation 
being displayed. Anyone of' nine masks can be 
positioned over the indicators by the operation of a 
manual control, providing 288 individual displays 
(4x8x9 = 288) 

The Display Panel has been designed as an aid for 
machine operation, program debugging and system 
maintenance. Various connection panel features, 
abnormal tests, internal circuitry points, etc., are 
assigned to the Display positions to indicate the 
state of the assigned points. 



The following list shows the labeling and a brief 
description of the indicated conditions for each of 
the nine masks. The first three masks are intended 

PAPER 
CARRIAGE RIBBON ADVANCE 

~ OUT ~ IN ~ CH:U";' ~ :~:,'R ~ i g 
LEFT TRACTOR 

~ 
RIGHT TRACTOR 

g 

FORM 
THICKNESS 

[8J 

LINE 
POSITION 

primarily for system maintenance. The last six masks 
will be particularly useful for program debugging as 
well as a system maintenance aid. Mask four is 
normally displayed when a program is in progress. 

o CLEAR 0 5T ART 0 o FEEO ~ RUN 0 
STEP CYCLE 

0 
OFF ON CONT·

O 
POWER © 

::~: 0 INTL', 0 S 
MANUAL ALTERATION 

0 1 ~ 

FORM 
TENS ION 

2 ~ 

/INCREASE~ \ 

3 0 4 

PRINT 
DENSITY 

'1 3 

~ 

Figure 2.32, Central Control Panel and Printer Dials 
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M R L 1 M R L 2 

M R B 1 M R B 2 

M C L 1 M C L 2 

C E B X / 0 C E B Y / 1 

M R L 3 

M R B 3 

M C L 3 

C E B 8 / 3 

MRL 1 to 8 
MRB 1 to 4 
MCB 1 to 4 
MCL 1 to 8 

MASK 1 

M R L 4 M R L 5 

M R B 4 M C B 1 

M C L 4 M C L 5 

CEB4/5 C E B 2 / 7 

M R L 6 

M C B 2 

M C L 6 

C E B 1 / 9 

CEB X/O to 1/9 

Memory Address Decode Row 
Memory Address Decode Row 
Memory Address Decode Column 
Memory Address Decode Column 
Character Generator Bits 

M R L 7 M R L 8 

MCB3 1 MCB4 

M C L 7 M C L 8 



F 1 R 5 F 1 R 4 

F 1 C 5 F 1 C 4 

F 2 R 5 F 2 R 4 

F 2 C 5 F 2 C 4 

F 1 R 3 

F 1 C 3 

F 2 R 3 

F 2 C 3 

FIR 5 to I 
MRR 5 to I 
I EC 
FIC 5 to I 
F2R 5 to I 
MRC 5 to I 
2 EC 
F2C 5 to I 

MASK 2 

F 1 R 2 F 1 R 1 M R R 5 

F 1 C 2 F 1 C 1 M R R 3 

F 2 R 2 F 2 R 1 M Res 

F 2 C 2 F 2 C 1 M R C 3 

Field Count One, Row Bit 
Memory Address Register Row Bit 
Field Count One Equal 
Field Count One, Column Bit 
Field Count Two, Row Bit 
Memory Address Register Column Bit 
Field Count Two Equal 
Field Count Two, Column Bit 

M R R 4 E C 

M R R 2 M R R 1 

M R C 4 2 E C 

M R C 2 M R C 1 



B P x / 0 B P Y / 1 

T R 6 T R 5 

A R 6 A R 5 

Ace 1 

B P 8 / 3 B P 4 

T R 

A R 

A S 

4 T R 

4 A R 

4 A S 

BP x /0 to 1/9 
SPFF 
CMPS 
TR 6 to 1 
0BFF 
0SFF . 
AR 6 to 1 
EQFF 
CTDS 
ACC 1 
AS 4 to 1 
RECP 
NESN 

MASK 3 

/ 5 B P 2 / 7 B P 1 

3 T R 2 

3 A R 2 

3 A S 2 

Memory Data Register Bit 
Space Flip Flop 
Compress Flip Flop 
Transfer Register Bit 
Zero Balance Flip Flop 
Zero Suppress Flip Flop 
Adder Register Bit 
Equal Flip Flop 
Descending Flip Flop 
Carry Flip Flop 
Sum Bit 
Recomplement Flip Flop 
Non Equal Signs 

T R 

A R 

A S 

/ 9 S P F F C M P S 

f) B F F o S F F 

E Q F F C T 0 S 

R E C P N E S N 



MASK 4 

HOP PER FEE D R D JAM T 5 P JAM 5 T A C K R FOR M A D V " PUN C H 

HAL T I N D 1 I N D 2 I N D 3 I N D 4 R D I / 0 P R I / 0 P C H I/O 

5 P 5 P 2 5 K 5 K 2 5 K RolE N ° P RI R / P E X 

1M 
A I N T AIM A I N T BI M A I N T cl Ip C H H L 01 p C H C L R 

Hopper Last Card RD I/O Read Instruction 
Feed Misfeed PR I/O Print Instruction 
RdJam Reader Jam PCH I/O Punch Instruction 
TSP Jam Card Transport Jam SP 1 and 2 Space 1 and 2 
STACKR Full Stacker SK 1, 2 & 4 Skip 1, 2 & 4 
FORM Out of Paper ENDRD End Read 
ADVI Paper Runaway End PR End Print 
PUNCH Punch Abnormal R/P EX Read +/or Print Execute 
HALT Halt Signalled Maint A, B & C Module A, B & C Test 
Ind 1-4 Programmed Indicators PCHHLD Punch Hold 

PCH CIR Punch Clear . 



MASK 5 

S T E P 1 S T E P 2 S T E P 3 S T E P 4 S T E P 5 S T E P 6 S T E P 7 S T E P 8 

S T E P 9 S T E P 1 o S T E P 1 1 S T E P 1 2 S T E P 1 3 S T E P 1 4 S T E P 1 5 S T E P 1 6 

S T E P 1 7 S T E P 1 8 S T E P 1 9STEP20 S T E P 2 1 S T E P 2 2 S T E P 2 3 S T E P 2 4 

S T E P 2 5 S T E P 2 6 S T E P 2 7 S T E P 2 8 S T E P 2 9 S T E P 3 0 S T E P 3 1 

Step 1 to 31 Step Output 



MASK 6 

STEP32 S T E P 3 3 STEP34 STEP35 S T E P 3 6 STEP37 STEP38 S T E P 3 9 

S T E P 4 0 S T E P 4 1 S T E P 4 2, S T E P 4 3 STEP44 STEP45 S T E P 4 6 S T E P 4 7 

S T E P4 8 S T E P 4 9 S T E P 5 OSTEP5 1 STEP52 STEP53 S T E P 5 4 S T E P 5 5 

S T E P 5 6 S T E P 5 7 S. T E P 5 8 5 T E P 5 9 5 T E P 6 0 S T E P 6 1 5 T E P 6 2 

Step 32 to 62 Step Output 



00 
o 

MASK 7 

+ A L G - A L G + A B S - A B S CPR CPR AI N N 0 R E C N 0 PRO 

C LEA R T R F D Z D D D 0 B D o SUP 6 D 1" SUP * D I N S D S I D 

T PC H T R F A Z D A Z D S A fZ) S U P 6 A £) S U P * A I N S A S I A 

I S E L D T S E L D T 0 YES T 0 N 0 T 5 YES T 5 N 0 T O'F YES T O'F N 0 

+ALG Algebr aic Add. Process TPCH Test Punch Descending 
- ALG Algebraic Subtract Process TRFA Transfer Ascending 
+ABS Absolute Add Process ZD A Zone Delete Ascending 
- ABS Absolute Subtract Process ZDS A Zone Delete with sign Ascending 
CPR Compare Process o SUP 6 A Zero Suppress Space Ascending 
CPR A/N Alpha/Numeric Compare Process o SUP * A Zero Suppress Asterisk Ascending 
No REC No Recomplement. INS A Insert Ascending 
NO PRO No Process SI A Superimpose Ascending 
CLEAR Clear I SEL D Inhibit Selector Delay 
TRFD Transfer Descending T SEL D Test Selector Delay 
ZDD Zone Delete Descending T 0 YES Test Zero Yes 
D0B D Delete Zero Balance Descending T 0 NO Test Zero No 
o SUP 6 D Zero Suppress Space Descending TS YES Test Sentinel Yes 
o SUP * D Zero Suppress Asterisk Descending TSNO Test Sentinel No 
INS D Insert Descending T O'F YES Test Overflow Yes 
SI D Superimpose Descending T O'F NO Test Overflow No 



P 5 P 

P 5 P 9 P 5 P 1 o P 5 P 

P 5 P 8\ P 5 P 

C B A C A A I C A 

1 1 P 5 P 

I C B 

PSP 1 to 20 
CCB 
CCA 
CBB 
CBA 
CAB 
CAA 
ICA 
ICB 
ICC 
ICD 
DCA 
DCB 

MASK 8 

1 2 P 5 P 1 3 P 5 P 

2 0\ C C B C C A 

ICC leo 

Program Select Power 
Instruction Cycle Control 
Instruction Cycle Control 
Instruction Cycle Control 
Instruction Cycle Control 
Instruction Cycle Control 
Instruction Cycle Control 
Instruction Cycle Control 
Instruction Cycle Control 
Instruction Cycle Control 
Instruction Cycle Control 
Instruction Cycle Control 
Instruction Cycle Control 

8 

1 4 P 5 P 1 5 P 5 P 1 6 

eBB C B A 

o C A o C B 
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tv 

C 1 

C 3 

C 6 

C 9 

> -Ie 1 " < + 1 

> -Ie 4 

" < + 9 

MASK 9 

> -Ie 2 

> -Ie 5 

" /IJ Ie 1 0 > -I e lot < + Ie 1 0 

C1 (to 10) > - Comparator 1 (to 10) Greater 
or Minus. 

C1 (to 10) < + t Comparator 1 (to 10) Less than, 
plus, or non match. 

C1 (to 10) 0 = Comparator 1 (to 10) Zero or match. 

r! < + 

> -



CARD PUNCH 

A card punch is available as an optional output unit. 
The punch is directly connected to the 1004 Processor 
through an electrical cable. As previously explained, 
a section of storage is set aside to be used as punch 
storage. Data to be punched is transferred to this 
section of storage prior to punching. 

The. speed of the card punch is 200 cards per minute 
regardless of the amount of information to be punched 
into a card. Data to be punched is set up and punched 
into the card one row at a time. Cards are placed in 
the input magazine face down with the 9 edge leading 
into the machine. The capacity of the input magazine 
is 1000 cards. Five machine cycles are required to 
transport a card through the punch. These cycles are: 

1. From input magazine to the first 
unit station. 

VII OPTIONAL EQUIPMENT 

2. From the first wait station to the 
second unit station. 

3. From the second wait station to the 
punch station. 

4. The card is punched and goes to a 
hole count checking station. 

S. Hole count check is made and the 
card is delivered to one of two card 
stackers. 

An automatic hole count check is made on a11 cards 
punched. The number of punches in a card is compared 
to the number of bits transferred from storage. If there 
is a discrepancy in the comparison, the card is de­
livered to the select stacker. If the comparison 
matches, the card is delivered to the normal stacker. 
The capacity of each of the card stackers is 1000 
cards. Under operator control, the processor can be 
halted when a hole count check error is found. 

CARD TRAVEL 

HOLE 
COUNT 

STATION 
SELECT \7 

STACKER STACKER V 

CYCLE #5 CYCLE #4 CYCLE #3 

WAIT 
#2 

CYCLE #2 

WAIT 
#1 

INPUT 
MAGAZINE 

CYC LE #1 
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In the event of a card jam, if a punch operation is 
initiated without a card in the punching station, the 
punch instruction is retained. The processor halts 
on the current step, and clearing the jam reinitiates 
the punch instruction. Depressing the Run button 
allows the program to proceed. 

SHORT CARD FEEDING DEVICE 

A short card feeding device is available to allow the 
read section to accept stub cards. These stub cards 
contain 51 columns. The device consists of two in­
serts for the input magazine and a filler for the card 

stacker. The input magazine inserts are easily po­
sitioned with a thumb screw at each side of the 
magazine. The filler for the card stacker reduces the 
depth of the stacker to receive the stub cards. Card 
feeding, reading, and ejecting proceeds in the normal 
manner with the use of stub cards. The device can 
be' easily removed to allow feeding of standard­
size cards. 

The use of the 51-column stub card allows for a 
maximum operating speed in the reader of 400 cards 
per minute with ample time for a variety of pro­
gramming operations. 
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Figure 2-33. This diagram illustrates the required floor measurements for installation 

of the 1004 processor. The additional area required for work and mainten­

ance purposes is outlined by the dotted lines. 
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INSTRUCTIONS FOR TIMING CHART 

When 2 factors are known, the third can be found 

by aligning a straight-edge througlJ the 2 known 
points. For example, when reading 40 columns at 
400 cards per minute, about 35 milliseconds of 
processing time are available. 
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A-PULSE •••••••••••••••••••••••••••• 18, 24 
ADD ABSOLUT E • • • • • • • • • • • • • • • • • • •• 14, 21, 37 
ADD ALGEBRAIC ••••••••••••••••• 14, 16, 21, 35 
ADDER •••••••••••• " ••••••••••••••••• , 35 
ADDRESS COMBINE •••••••••••••••••• 11, 12, 24 
ADDR ESS EMITTE R • • • • • • • • • • • • • • • • • • • • • •• 24 
ALPHANUMERIC COMPARE •••••••• 15, 16, 23, 67, 68 
AL T ERNA TE HOLD. • • • • • • • • • • • • • • • • • •• 25, 71 
ARITHMETIC OV ERFLOW ••••••••••••••••••• 28 
ARITHMETIC PROCESSES •••••••••• 14, 21, 35-37, 67 
ASCENDING TRANSFER ••••••••••••• 15, 21, 38-43 
AUX ILiARY OPE RATIONS ••••••••••••••••••• 67 

B-PULSE • • • • • •• • • • • • • • • • • • • • • • • • • • •• 18, 24 
BIT ABS ENT EMITT ER ••••••••••••••••••• 24, 25 
BIT GENERATOR ••••••••••••••••••••••••• 29 
BIT PR ESENT EMITT ER • • • •• • • • • • • • • • • • •• 24-25 

C ADD R ESS ••••••••••••••• '. • • • • • • • • • • •• 7 

CARD ••••••••••••••••••••••••••••• 22, 23 
CARD PUNCH •••••••••••••••••••••••• 1, 83-84 
CARD STACKER •••••••••••••••••••••• 2, 83-84 
CARD TRAVEL •••••.•••••••••••••••••• 2; 83-84 
CARR IAGE CONTROL •••••••••••••••• 16, 64-65, 72 
CARR IAGE IN ••••••••••••••••••••••••••• 72 
CARR IAGE OUT ••••••••••••••••••.••••••• 72 
CARRY ••••••••••••••••••••••••••••••• 35 
CHANGE DISPLAY •••••••••••••••••••••••• 71 
CHANGE RIBBON/POSiTIONED ••••••••••••••• 72 
CLEAR •••••••••••••••••••••••• 15, 21, 37,43 
COLLECTOR ••••••••••••••••••••••••••• 20 
COLUMN, STOR AGE. • • • •• • • • • • • • • • • • • • • • •• 7 

COMBINE, ADD RESS ••••••••••••••••• 11, 12, 24 
COMBINING OPERATIONS •••••••••• " • • •• 14,67 
COMPARATOR ••••••••• -••••••••••••••••• 23 
COM PAR E •••••••••••••••••••••• 14-16, 23, 67 
COMPRESS. • • • • • • • • • • • • • • • • • • • • • • • •• 27, 41 
CONNECTION PANEL. ••••••••••••••••• 6,18-30 
CONTINUOUS OPERATION •••••••••••••••••• 71 
CONT ROL PAN EL • • • • • • • • • • • • • • • • • • •• 6, 70-72 
CONTROL PUNCHING ••••••••••••••••••• 48-51 
CORE STOR AGE •• • • • • • • • • • • • • • • • • • • • • • •• 3 
CYC LE CLEAR •••••••••••••••••••••••••• 25 
CYCL E HOLD •••••••••••••••••••••••••• 25 

INDEX 

DEFINING INPUT/OUTPUT STORAGE ••••• '" 11-13 
DELETE ZERO BALANCE ••••••••••• 15, 21, 27, 61 
DENSITY SELECTOR •••••••••••••••••••••• 72 
DESCENDING TRANS FER •••••••••••• 15, 21, 38-43 
D1SCONN ECT TRACTORS. • • • • • • • • •• •• • • • • •• 72 
DiSTRIBUTOR ••••••••••••••••••••••••••• 20 
DIVIDEND ••••••••••••••••••••••••••• 45-47 
DIVISION ............................... 45-47 
DIVISOR •••••••••••••••••••••••••••• 45-47 
DRUM MASK • • • • • • • • • • • • • • • •• • • • • • • • •• 72-82 

EDITING INPUT/OUTPUT ••••••••••••••••• 47-64 
END PRI NT ••••••••••••••••••••••• 11, 12, 27 
END READ ••••••••••••• ',' ••••••••••• 11, 27 
END SPA CE G ENE RAT E. • • • • • • • • • • • • • • • • • •• 28 
END ZERO-SUPPRESS ••••••••••••••••••• ~. 27 
EQUAL COMPA RE RE SUL T •••••••••••••••••• 23 
EXECUTE ••••••••••••••••••••••••• 15,22,67 
EXPANDING AN ADDRESS COMBINE ••••••••••• 24 

FORM CON TROL ••••••••••••••••••••••• 64 -65 
FORM OVERFLOW ••••••••••••••••••• 27,64,65· 
FORM TEN SION ••••••••••••••••••••••••• 72 
FORM THICKNESS •••••••••••••••••••••••• 72 

GENE RAL CLEAR ••••••••••••••••••••••• , 70 

GREATER THAN - COMPARE RESULT •••••••••• 23 

HAL T •••••••••••••••••••••••••••••••• 29 
HIGH-LEVEL SIGNAL •••••••••••••••••• '. • •• 18 
HOLD •••••••••••••••••••••••••••••••• 25 
H·OMEPAPER •••••••••••••••••••• ~ ••• 65,72 

IN DICATING N EGATI V E VALUES. • • • • •• 51-54, 62-63 
INDICATORS ••••••••••••••••••••••••••• 30 
INHI BIT SE LECTOR 0 ELAY ••••••••••••••• 25, 26 
INITIAL START •••••••••••••••••••••••• ~. 70 
INITIATE •••••••••••••••••••••••••••• 68-69 
INPUT. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 2 
INPUT EDIT •••••••••••••••••••••••••• 47-54 
IN PUT MAGAZ INE • • • • • • • • • • • • • • • • • • • • • • •• 2 

INPUT/OUTPUT FUNCTIONS •••••••••••• 15-16, 22 
INPUT/OUTPUT STORAGE ••••••••••••••• ' •• 9-11 
.INSERT TRANSFER ................ 15-16, 21, 67 
INSERTING PUNCTUATION AND SYMBOLS ••• 14,59-60 
INSTALLATION FLOOR PLAN •••••••••••••••• 85 



LEAST SIGNIFICANT LOCATION ••••••••••••• 9,20 
LEFT TRACTORS •••••••••••••••••••••••• 71 
LESS THAN - COMPARE RESULT ••••••••••••• 23 
LINE SPACING. • • • • • • • • • • • • • • • • • • •• 22, 64·65 
LOGIC •••••••••••••••••••••••••••••• 14·17 
LOW·LEVEL SIGNALS ••••••••••••••••••••• 18 

MACHINE CODE ••••••••••••••••••• • • • • •• 4 
MAGNETIC CORE STORAGE • • • • • • • • • • • • • • • •• 3 
MANUAL FE ED •••••••••••••••••••••••••• 71 

. MATCH ••••••••••••••••••••••••••••••• 23 
MODE SWITCH •••••••••••••••••••••••• ' ••• 71 
MOST SIGNI FICANT LOCATION ••••••••••••• 9, 20 
MULTIPLE OPERATIONS ••••••••••••••• 14,66·67 
MULTIPLICAND ••••••••••••••••••••••• 43·45 
MUL TIPLICATION •••••••••••••••••••••• 43·45 
MULTIPLIER ••••••••••••••••••••••••• 43·45 

NEGATIVE VALUE INDICATION ••••••••• 51·54, 62·63 
NO PROCESS •••••••••••••••••••••••• 15, 21 
NO RECOMP LEMENT ••.••••••••••••••• 22, 45·41 
NON·MA TCH •••••••••••••••••••••••••••• 23 
NUMERIC COMPARE •••••••••••••••••• 15, 16, 23 

OPERANDS •••••••••••••••••••••• 3, 9, 14, 16 
OPE RAND 1 ADDRESS •••••••••••••••••••• 20 
OPERAND 2 ADDRESS •••••••••••••••••••• 20 
OPERATOR CONTROLS •••••••••••••••••• 70·82 
OUTPUT ••••••••••••••••••••••• 1, 3·4, 83·84 
OUTPUT EDIT ••••••••••••••••••••••••• 54·64 
OVERFLOW, ARITHMETIC •••••••••••••••• 28, 29 
OVERFLOW, FORM •••••••••••••••••• 27, 64, 65 
OVERLAPPING OPERANDS •••••••••••••••• 41·42 

PAPER ADVANCE •••••••••••••••••• .; 22, 64·65 
PAPER FORM CONTROL •••••••••••• 22, 64·65, 72 
PAPER TAPE LOOP ••••••••••••••••••• 5, 64·65 
PARTIALLY OVERLAPPING OPERANDS ••••••• 41·42 
POSITIONING THE DECIMAL IN DIVISION •••••• 45·47 
POWER OFF •••••••••••••••••••••••••••• 70 
POWER ON ••••••••••••••••••••••••••••• 70 
PRINCIPLE OPERATION •••••••••••••••••••• 67 
PRINT •••••••••••••••••••••••••••••• 15, 22 
PRINT HAMMERS. • • • • • • • • • • • • • • • • • • • • • • •• 5 
PRINT LINE POSITION DIAL ••••••••••••••••• 72 
PRINT POSITIONS •••••••••••••••••••• 5, 11·12 
PRINT SECTION. • • • • • • • • • • • • • • • • • • • • • • •• 5 
PRINT STORAGE ••••••••••••••••••••••• 9, 11 
PROCESSES •••••••••••••••••••••••••••• 14 
PROCESSING SECTION ••••••••••••••••••••• 3 
PRODUCT, MUL TIPLICATION •••••••••••••• 43-45 
PROGRAM ••••••••••••• 0 • 0 0 •• 00 0 0 • 0 0 0 0 0 14 
PROGRAM SELECT CONTROL •••••••••••••••• 26 
PROGRAM SELECT POWER •••••••••••••••••• 26 
PUNCH •••• " ••••••••••••••••••••••••••• 22 
PUNCH CLEAR •••••••••••••••••••••••• 16, 22 
PUNCH HOLD ••••••••••••••••••••••••• 15, 22 
PUNCH STORAGE ••••••••••••••• ' ••••••••• 11 
PUNCH TEST ••••••••••••••••••••••••• 16, 22 

QUOTI E NT ••••••••••••••••••••••••••• 45·47 

R·ADDRESS •••• • • • • • • • • • • • • • • • • • • • • • • •• 7 
READ SECTION. • • • • • • • • • • • • • • • • • • • • • • • •• 2 
READ STORAGE •••••••••••••••••••••••• 2, 9 
REP RESENTA TIVE WIRING •••••••••••••••• 30·34 
RIGHT TRACTORS •••••••••••••••••••••••• 71 
ROW ••••••••••••••• • • • • • • • • • • • • • • • • •• 7 

SELECTOR PICK·UP •••••••••••••••••••••• 26 
SE LECTORS •••••••••••••••••••••••••• 26·27 
SENTINEL ••••••••••••••••••••••••••• 28, 29 
SHUNT •••••••••••••••••••••••••••••••• 23 
SIGN COMPARE •••••••••••••••••••••••••• 67 
SIGN DESIGNATION ••••••••••••••••• 51·53, 62·63 
SKIP 1, 2, AND 4 ••••••••••••••••• 16, 22, 64·65 
SPACE ••••••••••••••••••••••••• 16, 22, 64·65 
SPACE 1 AND 2 •••••••••••••••••• 16, 22, 64·65 
SPACE GENERATE ••••••••••••••••••••••• 28 
START •••••••••••••••••••••••••••••• 17, 19 
STEP •••••••••••••••••••••••••••••• 1, 4, 14 
STEP OUTPUT •••••••••••••••••••••••••• 19 
STEP SEQUENCE •••••••••••••••••••••••• 17 
STEP SEQUENCE CHANGE •••••••••••••••• 17, 19 
STOP ••••••••••••••••••••••••••••••••• 71 
STORAGE ••••••••••••••••••••••••••••• 7·14 
STORAGE CHART •••••••••••••• 0 •••• 07, 10, 13 
SUBTRACT ABSOLUTE •• 0 0 0 •••• 0 • 0 •••••• 37·38 
SUBTRACT ALGEBRAIC 0 0 •••••••••••••••••• 37 
SUPERIMPOSE TRANSFER ••••••••••••• 15, 21, 67 

TERMINAL POINTS ••••••••••••••••••• 16, 64·65 
TEST FOR OVE RFLOW ••••••••••••••••••••• 29 
TEST FOR SENTINEL • 0 •• 0 • 0 0 0 ••• 0 0 •• 0 • 0 • 0 29 
TEST FOR ZERO ••••••••••••••••••••••••• 28 
TEST LOCATION ••••••••••••••••••••••••• 30 
TEST SELECTOR DELAY ••••••••••••••••••• 25 
TIMING ••••••••• 0 •••••••• 0 • • • • • • • • • .67·68 
TRANSFER ••••••••••••••••• 0 •• 15, 21, 38·42, 67 
TRANSFER OPTIONS ••••••••••••• 15, 21, 38·42, 67 

UNEQUAL COMPARE RESULT •••••••••••••••• 23 

WAIT STATION •••••• 0 ••••••••••••••• 2, 83·84 
WIRING THE CONNECTION PANEL •••••••••••• 18 
WORKING STORAGE. • • • • • • • • • • • • • • • • • • • • •• 3 

ZONE DELETE TRANSFER ••••••••••• 15, 21, 40, 67 
ZONE DELETE WITH SIGN TRANSFER ••• 15, 21, 40, 67 
ZERQ-SUPPRESS-ASTERISK FILL TRANSFER. 15, 21, 40, 67 
ZERO·SUPPRESS-SPACE FILL TRANSFER ••• 15, 21, 39, 67 
ZERO·SUPPRESSION ••••••••••••••••• 15, 21, 40 
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