












































































































































































































































































































































































































































































































































By making further assumptions about word léngths and the size
of the network,

n = 100 nodes
m = 6 neighbors for each

word length of Tjk = 10 Dbits

word length of node identity = 7 bits

the following results are obtained

6 equality searches at 7 x 200 nsec = 8.4 usec
6 add operations at 3.2 x 10 usec 192 usec
100 equality searches at 7 x 200 nsec 140 usec
100 minimum searches at 10 x 200 nsec 200 usec

total time 540.4 usec

This says that given the delay tables of each of its six neighbors
and given its own delays to each of these neighbors, a node can
determine the best route to each of the 100 other nodes in the
network in 540.4 usec.

Note that input/output operations have not been included in
the above estimate. It appears that the most convenient
organization of data for exchange of routing tables between the
nodes is as n-bit words containing the same bit of the delay to
the n nodes of the network. The search results store can then
be used for loading and unloading the memory, thereby reducing
the memory accesses required for these tasks and eliminating
extra drivers and read amplifiers required to load and unload
a word at a time.

5. Conclusions

The routing computation using the distributed programming
algorithm is an ideal application for an associative processor.
The associative capability is required to identify various sets
of entries in the memory and to find the minimum of other sets
of entries. The arithmetic requirement is such that an identical
operation is performed on a large number of operands, all of
which can be performed in parallel. While it is not clear at
this time that a requirement exists for this ultra-rapid routing
computation by itself, this application as one of many in a
distributed system such as MILDATA, highlights the advantages
of an associative systems capability.
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ATTACHMENT V

An Associative Processor for Correlation Problems

1. Introduction

A recent discussion has led to the examination of an
application of an associative processor to a correlation
problem. This problem is expected to be typical of a type
of problem present in military data processing systems, and
serves to show the value of an associative processor in the
MILDATA System currently being studied.

2. The Problem

The problem is best described by the following equation,
which specifies logic operations within the parenthesis and
arithmetic operations between the parenthesis:

UWéﬂA'

= 1 '
Op = (WNAL_19gVWINAL 159) + WNAL 14g £-198)
+ - + (W AAUW NA')
200 t 200 t
Where:
Ot = the correlation coefficient
: Wl —_—, W200 = weights which describe the reference
’ pattern (six bits each)
At = present input (six bits)
At—l = the input one time unit ago (six bits)

At—199 = the input 199 time units ago (six bits)

While the A's and W's are six bit numbers the logical operations
are bit - wise operations. Thus, the result of the logical
operation is a six bit number with "1's" in those bit positions
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where Ai and Wi match and "0's" elsewhere. The arithmetic sum

of these numbers, 0., is then an indication of the similarity
between a 200 unit section of an incoming wave with a 200 segment
reference. This will be compared with a threshold in order to
determine when a certain waveform has been received.

The sampling rate of the incoming signal is 20 KC; that is,

a new At is received every 50 usec.

3. Description of the Processor

An associative processor is defined here as an associative
memory with certain additional features that give it the cap-
ability of doing arithmetic operations.

The associative processor capable of handling this problem
is shown in Figure E-V-1l. The processor is basically an
associative memory of 200 words, 27 bits/word. The memory is
organized in a bit serial, word parallel manner. For example,
a read cycle would produce a selected bit of all words
simultaneously. Thus, a 200 word, 27 bit/word associative
memory organized this way is not unlike a 27 word, 200 bit/word
random access memory. Writing is accomplished by selecting a
bit driver corresponding to the bit to be written in all words.
The information to be written in each word is furnished by the
word driver as shown in Figure E-V-1. Also associated with
each word of the memory is compare logic and a F/F. Each stage
of compare logic will produce an output if the contents of F/F 1
(located directly above the compare logic in Figure E-V-1) is
the same as the contents of the bit being read out of that word
of the memory.

One significant difference between this application and
more conventional applications of associative memories is the
need for a large amount of writing. Thus, an element with a
fast write capability is needed. For this reason a destructive
readout memory element was given consideration. Thus, in those
cases where the information is to be saved a write must follow
each read. In this application the only time the information
that is read out must be restored is in the case of the W's.
One way of achieving this capability is to place a F/F between
the read amplifier and the compare logic in Figure E-V-1 and
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provide a path from each F/F to the corresponding write driver.
Note that the F/F must be inserted prior to the compare logic
because the information read out is lost at that point in an
equality search operation. Another approach is to use non-
destructive readout elements for storage of the W's since
writing into these positions is required only when the W's
change. This is the approach that has been chosen. Thus, in
the procedures that follow it is assumed that the W's are
stored in non-destructive readout memory elements and the
partial sums and control bits are stored in destructive read-
out elements. '

Another somewhat special capability needed in this applica-
tion is the ability to select several bit drivers simultaneously
for writing. Since the information to be written is furnished
by the word driver, the effect is to write the same information
in several bits of each word. This capability is used to per-
form the logic in the addition equations discussed in the next
section.

4., Procedure

The associative processor is capable of performing the two
types of operations required in this problem - a bit-by-bit
equality comparison and an addition.

The equality comparison of A_ with each W is accomplished
by placing the ith bit of A in the F/F directly above the
compare logic in Figure E-V-1l, and reading the ith bit of each
W stored in the memory. If the ith bit of W is the same as
the ith pit of A, a "1" will be placed in the corresponding
bit position of the Memory Register.

The addition can be performed by breaking it down to the
basic logic operations. Thus, X + YJrZ can be written as:

Z,
i

(ximrinci) ) (xin Yir\ci) V] <xin Yin ci)u (xir\ Yin ci)

Cipy1 = (€OX)IVUCENY IV EXNY,)
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These equations are easier to perform if written in the
following form:

N
i

[(x.uv.Ucfm (XAUY.UC)NX,UY.UC )N (X UY,UC,)
1 1 1 1 1 1 1 1 1 1 1 1
(1) (2) (3) (4)

(c,UX)N (C,UY )N X UY,)

0
i

i+l

(5) (6) (7)

The number below each term in the equations above corresponds

to the control bit in the memory used to generate that term.

For instance, by storing the quantity X,, Y., and C, successively
in control bit 1, the term X\JYAJC,. is éenerateé. Similarly
the other three terms in the™ Z equ%tion are generated in
control bit 2, 3, and 4. The AND function of the four terms

of the Z equation is then generated by doing a search of control
bits 1, 2, 3, and 4 against 0000. This operation is effectively
an OR function of the complements; that is, if any of the four
is a 0, a 1 will be set in that position of the Memory Register.
The information in the Memory Register is then Z;.

Given these two basic capabilities, the associative processor
can solve the correlation equation. Each word of the associative
processor will perform the bit-by-bit equality comparison of the
new input A _with the weight stored in that word and will add
this result to the partial sum received from the word above.

The new partial sum is stored back into each word. Thus, the
contents of the partial sum portion of each word after each
computation cycle is:
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word 1 - (wln AtlenAt)

- : W' .'
word (Wl('\At_lUWlnAt 1) + (sz'\AtU 2ﬁAt)

2
]
'
i
t

1
word 200 - (W NA W A ) + (W A W NA
( 1n t-199u 1 t-199 ( 20 t—l98u 2(\ t-198)

i T ST AR

Note that the quantity stored in word 200 is the desired result.
It is read out to the output register during the next cycle.

The step-by-step procedure for X + Y—PZ 1is outlined below.
Since A, and the W's are six bit numbers, an Xy is generated
only for the first six cycles. The addition must continue for
eight more cycles, however, since the partial sum of 200 six
bit numbers can grow to 14 bits. At the end of each cycle the
carry C is left in the Memory Register for use during the next
cycle. Thus, prior to the first cycle, the Memory Register
must be cleared to give an initial carry-in of "0".
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Procedure for Type A add cycle (First six cycles)

10.

11.

12,

13.

14,

15,

Write C to control bits 2, 3
Complement

]
Write C to control bits 1, 4, 5, 6
Read Y,

i

Shift Memory Register down one
Write Yi to control bits 1, 3
Complemenf

Write Yl to control bits 2, 4, 6, 7

Perform an equality comparison on the
ith bit of A, and the ith bit of Wy
through W200. Call the result Xi'
Write X; to control bits 1, 2
Complement
. 1
Write Xi to control bits 3, 4, 5, 7
Search control bits 1, 2, 3, 4
Write Z,

i

Search control bits 5, 6, 7

totals

E-V-6

No. of| No. of
Reads Writes
1
1
1
1
1
1
1
1
4
1
3
9 7




Procedure for type B add cycle (last eight cycles)

| No. of | No. of
‘ Reads Writes
1. Write C to control bits 2, 3 i

2. Complement
3. Write C'to control bits 1, 4, 5, 6 E | 1
4. Read Y, ’ - : 1
5. Shift Memory Register down one
6. Write Y; to control bits 1, 3 ; 1

7. Complement

8. Write Yi to control bits 2, 4, 6, 7 ‘ 1

9. Search control bits 1, 2, 3, 4 4
10. Write Z; 1
11. Search control bits 5, 6, 7 3

totals 8 5

It can be seen that a Type B add cycle is the same as a
Type A add cycle with steps 9, 10, 11, and 12 left out.

A time estimate for the add operation can now be made.
Assuming that a read operation requires 200 nsec and a write
operation requires 200 nsec, the following results can be
obtained:

3.2 usec
2.6 usec

Time for a single Type A add cycle - 16 x 200 nsec
Time for a single Type B add cycle - 13 x 200 nsec
Time for 14 bit add
6 type A add cycles - 6
8 type B add cycles - 8

3.2 = 19.2 usec
2.6 = 20.8 usec
40 usec

X
X
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Since the input rate to the system is 20 KC, it can be seen
that the speed requirement has been met,

5. Conclusions

The associative processor approach to this particular
correlation problem can be recognized as a parallel-serial
approach. Two hundred operations are performed in parallel,
but each operation is performed in as serial a manner as
possible to minimize the hardware. The other extreme in
method of computation is a serial-parallel approach; that is,
the two hundred operations are done sequencially but,each of
these is done in as parallel a mode as possible to meet the
speed requirement. There are, of course, combinations of these
two approaches which would also be capable of meeting the
requirements.

The significance of the approach described here is not that
it is necessarily the best for this particular problem, but it
shows that an associative memory, given certain characteristics,
can be used effectively to perform arithmetic operations if the
same operation is to be performed on a large number of operands.

An associative memory, in order that it be efficient for
arithmetic operations must have:

1. A bit serial, word parallel organization; that is,
read and write operations effect a selected bit of
all words.

2. The ability to write the same information simultaneously
in several bit positions of each word.

3. A fast write time since in such applications the
number of writes required is about equal to the
number of reads.

4., Local control to the extent that each word furnishes

the information to be written in the selected bit
position.
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