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57 ABSTRACT 

An arrangement for counting the number of a given 
data such as ones in a data field. The system employs 
full adders which count the number of ones in basic 
three element subsets of the data field. Additional full 
adders total the results of the first series of full adders 
and also count any additional ones of the data field. 

5 Claims, 3 Drawing Figures 
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1. 

DETERMINATION OF NUMBER OF ONES INA 
DATA FELD BY ADDITION 

It is the primary object of the present invention to 
provide means for counting the number of occurrences 
of a given value in a data field. 

It is also an object of the invention to provide means 
for counting the number of occurrences of a given 
value in a data field which provides for the fast count 
ing of the selected value occurrences. 
The above and other objects of the invention which 

will become apparent in the following detailed descrip 
tion are achieved by providing a counting arrangement 
in which a first series of full adders count the number of 
occurrences of a selected value simultaneously in three 
element subsets of the data field, and includes an addi 
tional series of full adders for combining the totals 
produced by each of the adders of the first series. 

For a more complete understanding of the invention 
and the objects and advantages thereof reference 
should be had to the following detailed description and 
the accompanying drawings wherein there is shown a 
preferred embodiment of the invention. 

In the drawing: 
FIG. 1 is a schematic showing of the counting ar 

rangement of the present invention for a six element 
field; 

FIG. 2 is a schematic showing of the counting ar 
rangement for a seven element field; and 

FIG. 3 is a schematic showing of a counting arrange 
ment for a fifteen element field. 
The data fields referred to in the following descrip 

tion may be stored in any suitable data storage means, 
such as the response store of an associative memory or 
associative processor. Regardless of the particular 
storage device involved, the data is stored as individual 
bits in the usual digital manner each having a 0 or 1 
value. 

FIG. 1 shows a six element data field 10 and illus 
trates the basic concept of the present invention. Each 
of the elements b of the data field 10 may have either a 
0 or. 1 value. While the elements are shown grouped 
into two sets of three elements each, this is for illustra 
tion only and the data field 10 is not necessarily so ar 
ranged physically. In order to count the total number of 
bits b which are of a particular value, for example 
which have the value 1, there is provided an arrange 
ment of full adders 12-18. A typical full adder would 
be a MC1019 integrated circuit manufactured by Mo 
torola Semiconductor Products, Inc.. Each of the full 
adders 12-18 is capable of receiving three binary in 
puts and adding these inputs to produce the two digit 
binary sum thereof, with the least significant digit of the 
sum being produced at the outputs and the more sig 
nificant digit being produced at the output c. The full 
adder 12 receives as inputs the values of three of the 
bits of the data field 10 and the full adder 14 receives as 
inputs the values of the remaining three data bits. If the 
data field is expressed in a form other than a binary 
code, converting means may be provided between the 
elements of the field and the full adders. Such convert 
ing means produces a 0 output if the element is not of 
the selected value and a 1 output if the element is of the 
selected value. Thus, the full adders 12 and 14 will 
simultaneously produce the total count of the 1's in 
their respective subsets of the data field 10. A third full 
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2 
adder 16 receives as inputs the least significant digit 
outputs of the first full adders 12 and 14. The output of 
this full adder 16 represents the sum of the least signifi 
cant digits of the outputs of the adders 12 and 14. The 
least significant digit of the output of the adder 16 is 
thus the least significant digit of the sum of the 1's in 
the data field 10. This digit is supplied to the output 
device 20. A fourth full adder 18 receives as inputs the 
most significant digit output of the full adder 16 and the 
most significant digit outputs of the full adders 12 and 
14. The least significant digit of the addition performed 
by the full adder 18 is the second significant digit of the 
total count while the most significant digit of the output 
is the most significant digit of the full count. Thus, the 
output of the least significant digit of the full adder 16 
and the full output of the adder 18 comprise the full 
count of the number of ones in the data field 10. 

FIG. 2 illustrates the arrangement of full adders em 
ployed with a data field 22 having seven elements. A 
first set of full adders 24 and 26 each count the values 
of three positions of the data field 22. An additional set 
of full adders 28 and 30 count, respectively, the single 
previously uncounted bit value of the data field 22, the 
least significant digits of the outputs of the counters 24 
and 26, and the most significant digit of the output of 
the counter 28 and the most significant digits of the 
outputs of the counters 24 and 26. Again, the least sig 
nificant digit output of the counter 28 is the least sig 
nificant digit of the total count while the outputs of the 
full adder 30 provide the second and third significant 
digits of the total count. These three outputs are sup 
plied to the output device 32 and represent the total 
count of the number of 1's in the data field 22. 
The basic counting system described in the above 

paragraphs may be expanded to count the number of 
l's in a field of any length. Essentially, this is accom 
plished by dividing the data field into subsets which 
may be counted by one of the counting arrangements 
described above and by adding the totals achieved for 
each subset by means of additional full adders. Thus, as 
is shown in FIG. 3, a fifteen element data field 48 may 
be divided into three subsets: S which consists of a sin 
gle bit of the data field 48, S, which consists of the next 
seven data bits of the field 48; and Ss which consists of 
the remaining seven data bits. It should be noted that 
the order in which the data field 48 is divided into the 
subsets S1, S, and Sa is purely arbitrary. The arrange 
ment shown in which the first element is assigned to the 
subset S, the next seven elements to the subset S, and 
the remaining seven elements to subset S, is chosen for 
convenience of illustration. However, any other ar 
rangement may be employed so long as the subsets S. 
and Saare of equal length and the subset S, contains not 
more than one element. 
The total count of 1's in the subsets S and Sa may be 

determined by full counters 50 and 52 which are each 
equivalent to the full adder arrangement of FIG. 2. The 
counts produced by the seven position counters 50 and 
52 and the count of the least significant bit subset S are 
added by means of additional full adders 54-58. These 
full adders 54-58 add, respectively, the least significant 
digit values, the next most significant digit values and 
the carry value of the previous adder, and the most sig 
nificant digit values and the carry value from the previ 
ous adder. The outputs of the full adders 54-58 provide 
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the successively higher ranked significant digits of the 
total count and these outputs are furnished to the out 
put device 60. It should be noted that the maximum 
time required to achieve the total count of the number 
of 1's in the data field is equal to the delay imposed by a 
full adder multiplied by the total number of full adders 
involved in producing one digit of the output or final 
count. Referring again to the arrangement of FIG. 3 it 
will be seen that the maximum delay is five times the 
delay of one full adder. Since the adders 62 and 64 
operate simultaneiously these two full adders impose 
only one time delay in the count. The adder 68, how 
ever, receives inputs both from the adder 62 and from 
the full adder 66. As a result, two additional delays are 
imposed. Likewise, the full adder 56 receives inputs 
both from the adder 68 and the adder 54 so that two 
additional time delays are again imposed. In general, if 
a field having n bit positions can be counted with a 
maximum delay of P full adders, a field having 2n + 1 
bit positions can be counted with a maximum delay of P 
+ 2 full adders. For a field having 2" - 1 bit positions, 
where m is greater than or equal to 2, the maximum 
delay will be 2m -3 multiplied by the delay of one full 
adder. 
The counting arrangement of the present invention is 

applicable to date fields of any length. The data field is 
first divided into three primary subsets S1, S2, and Sa 
with the subsets S and Ss being of equal length and the 
subset S containing at most a single element. The sub 
sets S1, S2, and Sa are mutually exclusive and exhaust 
the elements of the data field. If the primary subsets S. 
and Sa each contain more than three elements, they are 
further divided into secondary subsets S2, S22, and Sea, 
and Sai, Sa, and Saa, respectively. The secondary sub 
sets are also mutually exclusive and exhaustive of the 
elements of their respective primary subsets. The divi 
sion of the primary subsets is accomplished in the same 
manner as the original division of the data field. Thus, 
the subsets S22 and Sea are of equal length and the sub 
set S is either void or contains a single element, de 
pending on whether the primary subset S contains an 
even or odd number of elements. Division of the multi 
ple element subsets is continued in the same manner 
until a series of ultimate subsets, none of which con 
tains more than three elements of the data field, is 
achieved. 
A full adder is provided for each of the ultimate sub 

sets which contains more than a single element. The 
full adders produce the counts of the number of 1's in 
the multiple element ultimate subsets. The counts of 
the penultimate subsets are obtained by means of addi 
tional full adders, two additional full adders being pro 
vided for each penultimate subset with one full adder 
combining the count of the single element subset, if 
present, and the least significant digit outputs of the ul 
timate subset adders and the second full adder combin 
ing the most significant digit of the output of the first 
full adder and the most significant digits of the ultimate 
subset full adders. By means of additional full adders 
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arranged in the same manner, the counts of the succes 
sive subsets of the hierarchical rank of the subsets are 
obtained. The final series of adders combines the 
counts of the subsets S1, S2, and Sa to produce the total 
count for the entire data field. 

4 
It will be understood that while only the best known 

embodiment of the invention has been described in 
detail, in accordance with the Patent Statutes, the in 
vention is not so limited. Reference should therefore be 
had to the appended claims in determining the true 
scope of the invention. 
What is claimed is: 
1. The method of determining the number of occur 

rences of a selected value in a data field having at least 
fifteen elements, which comprises the steps of 

1. dividing the data field into mutually exclusive, ex 
haustive subsets S1, S2, and Ss, where S, and Ss are 
of equal length and S includes at most one ele 
ment of the data field; 

2. counting the occurrences of the selected value in 
each of the subsets S and Sa; 

3. adding, by means of a full adder, the number of oc 
currences of the selected value in subset S and the 
least significant digit of the count of each of the 
subsets S and Sa; 

. adding, by means of an additional full adder, the 
most significant digit of the output of the previous 
full adder and the next significant digit of the 
count of each of the subsets S and Sa; 

5. repeating step (4) until all the digits of the count 
of each of the subsets S and S have been ex 
hausted, an additional full adder being employed 
for each addition; and 

6. transmitting to an output device the least signifi 
cant digit of the output of each full adder and both 
digits of the output of the last full adder, the least 
significant digit of the output of the first full adder 
being the least significant digit of the total count, 
the least significant digits of the outputs of succes 
sive full adders being the successive digits of the 
full count, and the most significant digit of the out 
put of the final full adder being the most significant 
digit of the full count. 

2. The method according to claim 1 wherein the 
count of each multiple element subset of the data field 
is determined by the steps of: 

a. dividing the subset into three mutually exclusive, 
exhaustive subsets, the first of which has at most 
one element, a second and third of which are of 
equal length; 

b. determining if any subset produced in the im 
mediately preceeding division contains more than 
three elements; 

c. dividing all elements produced in the immediately 
preceeding division which contain more than three 
elements into three subsets satisfying the condi 
tions of step (a); 

... repeating steps (b) and (c) until an ultimate series 
of subsets no one of which contains more than 
three elements is obtained; 

e. summing, by means of full adders, the number of 
occurrences of the selected value of each ultimate 
subset having more than one element; and 

f. by means of additional full adders, progressively 
combining and adding to the sums the number of 
occurrences of the selected value in those subsets 
having one element in the reverse order of their 
creation in steps (a) through (d) until the total 
count of each multiple element subset has been 
achieved. 
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3. Apparatus for counting the number of occur 
rences of a predetermined value in a data field of at 
least fifteen elements, comprising: 

first and second counting means for counting the 
number of occurrences in first and second por 
tions, respectively, of the data field, the first and 
second portions being non-overlapping, of equal 
length, and including at least all but one element of 
the data field; 

a first full adder receiving as inputs the value of the 
data field element excluded from the first and 
second portions and the least significant digits of 
the output of the first and second counting means; 

additional full adders receiving as inputs, respective 
ly, the more significant digit output of the preceed 
ing full adder and the succeedingly more signifi 
cant digits of the outputs of the first and second 
counting means; and 
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6 
an output device receiving the least significant digit 

outputs of each full adder and the most significant 
digit output of the final full adder, the output of 
the first full adder being the least significant digit 
of the total and the outputs of successive full ad 
ders being the successively more significant digits 
of the total. 

4. Apparatus according to claim 3 wherein the first 
and second counting means each comprise a plurality 
of full adders. 

5. Apparatus according to clairn 4 wherein the full 
adders comprising each counting means are arranged 
in a plurality of series, the full adders of the first series 
counting the occurrences in two to three element sub 
sets of the portion, the full adders of successive series 
combining the totals of the previous series of full ad 
ders, 


