




























































































































































































































































































































































4. The Computational Procedure 

Once the associative processor has been loaded, the 
computational procedure is as follows: 

1. Do an equality search on Identity of Neighbor of 
all entries to find those that ca.me from neighbor 1. 

2. Add t'l the link delay from O"A'n node to neighbor �l�~� 
�~� ., h' d . 1 to Tik of each of t e entr1es tagge �~�n� step • Note 

that all add operations are performed in parallel. 

3. Repeat steps 1 and 2 for each neighbor, then go to 
step 4. 

4. To find the �m�~�n�1�m�u�m� delay path to a given node, do 
an equality search on the Identity of Destination and 
a minimum search on the Delay to Destination. The 
Identity of Neighbor of the selected entry identifies 
the first link of the minimum delay path. 

5. To develop a complete routing table, perform step 4 
for each node of the netwc;>rk and send the Identity 
of Destination and the Minimum Delay of Destination 
to each neighbor. 

A summary of the procedure is as follows: 

m equality searches 
m add operations 
n combination equality - minimum searches 

To obtain a rough estimate for the time required to 
accomplish the computationt assume a 200 nsec read time and 
200 nsec write time. By using the algorithms described in 
Attachment V t the following operation times are determined: 

add time - 3.2 usec/bit 
equality search - 200 nsec/bit 
minimum search - 200 nsec/bit 

E-IV-5 



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

n = 100 nodes 
m = 6 neighbors for each 
word length of Tjk = 10 bits 

word length of node identity = 7 bits 

the following results are obtained 

6 equality searches at 7 x 200 nsec 
6 add operations a.t 3.2 x 10 usec 
100 equality searches at 7 x 200 nsec 
100 minimum searches at 10 x 200 nsec 

total time 

= 8.4 usec 
= 192 usec 
= 140 usec 

= 200 usec 
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 me'mory 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 
computa,tion 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 a.n 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: 

+ ----- + (W nA UW' f"A ' ) 
200 t 200 t 

Where: 

o = the correlation coefficient 
t 

WI, ---, W200 = weights which describe the reference 
pattern (six bits each) 

At = present input (six bits) 

A
t

_
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 
a.re bit - wise operations. Thus, the result of the logical 
operation is a six bit number with "l's" in those bit positions 
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where A. and W. match and "O's" elsewhere. The arithmetic sum 
of thes~ numbeis, Ott 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-l. The processor is basically an 
associative memory of 200 words, 27 bits/word. The memory is 
organized in a bit serial t 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-I. Also associated with 
each word of the m,emory is compare logic a.nd a F/F. Each stage 
of compare logic will produce an output if the contents of F/F I 
(located directly above the compare logic in Figure E-V-l) 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 WIS. 
One way of achieving this capability is to place a F/F between 
the read amplifier and the compare logic in Figure E-V-l 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 At 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-l, and reading the ith bit of each 
W stored in the memory_ If the ith bit of W is the same as 
the ith bit of At' 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 + ~Z can be written as: 

z. 
~ 

I I 

= (X. n Y. n c. ) U (X. () Y. n c. ) U (X. n Y. () C
i

) U (X." Y. () C . ) 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

= (c.n X; >U (c.ny. >U (X."y.) 
~ ~ ~ ~ ~ ~ 
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These equations are easier to perform if written in the 
following form: 

Z. 
l. ~ , ' , , , '~' 

= (X.UY.UC.)n (X.UY.UC. )r\(X.UY.VC.)(\ (X.uY.UC.) 
l. l. l. l. l. l. l. l. l. l. l. l. 

(1) (2) (3) (4) 

= (c.vx.)n(C.uy.)(\(X.uy.) [ " " " ] , 
l. l. 1 l. l. 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 Xi' Y.,and C. successively 
in control bit 1, the term X.VY.UC. is §eneratetf. Similarly 
the other three terms in thel. zl.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 Zi. 

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 At 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: 

E-V-4 



word I - (W n A U W n A ) 
I tIt 

, , 
word 2 - (WI" A \.J wlnA ) + (w ("\ A U w nA ) 

• t-l t-l 2 t 2 t 
• 
I 
t 
I 

word 200 - (W ()A UW ("\A ) + (w nA UW nA ) 
I t-199 I t-199 2 t-198 2 t-198 

+ ------ + 

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~Z is outlined below. 
Since At and the W's are six bit numbers, an Xi 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) 

No. of No. of 
Reads Writes 

1. Write C to control bits 2, 3 1 

2. Complement 

I 

3. Write C to control bits 1, 4, 5, 6 1 

4. Read Y. 1 
J. 

5. Shift Memory Register down one 

6. Write Y. to control bits I, 3 1 
J. 

7. Complement 

I 

8. Write Y
l 

to control bits 2, 41 6, 7 1 

9. Perform an equality comparison on the 
ith bit of At and the ith bit of WI 1 
through W200 • Call the result Xi-

10. Write X. to 
J. 

control bits 1, 2 1 

11. Complement 

12. Write X. 
J. 

to control bits 3, 4, 5, 7 1 

13. Search control bits I, 2, 3, 4 4 

14. Write Z. 1 

I 
J. 

15. Search control bits 5, 6, 7 3 

totals 9 7 

E-V-6 



Procedure for type B add cycle (last eight cycles) 

No. of No. of 
Reads Writes 

1. write C to control bits 2, 3 1 

2. Complement 
: 
i 

3. Write clto control bits I, 4# 5~ 6 
, 

1 
i 

~ 

4. Read Y
i 

1 
i 

5. Shift Memory Register down one 

6. Write y. to 
~ 

control bits I, 3 1 

7. Complement 

I 

8. Write Y, to control bits 
~ 

2, 4, 6~ 7 1 

9. Search control bits 1# 2, 3,. 4 4 

10. Write Zi 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: 

Time for a single Type A add cycle 16 x 200 nsec = 3.2 
Time for a single Type B add cycle - 13 x 200 nsec = 2.6 
Time for 14 bit add 

6 type A add cycles 6 x 3.2 = 19.2 usec 
8 type B add cycles 8 x 2.6 = 20.8 usee 

40 usec 
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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 ca.pable 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 memorYt 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 tha.t each word furnishes 
the information to be written in the selected bit 
position. 
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This report, the Final Progress Report, concerning the MILDATA 
System's Study, is sponsored by the Data Division of the U.S. Army 
Electronics Laboratories, Fort Monmouth, New Jersey ... It presents 
the results of the Honeywell study program ,covering the period 
12 August 1963 through 30 September 1964. 

The objective of this study was to examine approaches and 
select an optimum approach to the design of a highly modular data 
processing system for utilization by the United States Army in the 
1975-1985 time frame. In complying with this objective four 
unique designs were postulated and discussed in the Third Quarterly 
Progress Report. During the final quarter year's effort, each of 
these designs was examined in depth. Out of these investigations 
emerged the specific recOllDllendations and design approach presented 
in Chapter 4 of this volume. 

Succint1y, the proposed approach to the design of the MILDATA 
System can be characterized as being a highly modular, expandable, 
open-ended system, based upon the use of the most advanced 
technology llS extrapolated to the time frame of interest, in the 
fields of integrated electronics, advanced digital memories, man
machine relations, communications, and software developments .. 
Fundamentally the system's ability to provide the full range of 
data processing capability stems from the proper design of the 
interconnection of the MILDATA modules. These modules, which are 
segmentable, perform the critical function of integrating and co
ordinating the operation of the overall system. Once the Memory 
Traffic Control Module was properly defined and specified the 
MILDATA objective was in sight. 

This report serves to demonstrate the feasibility of this 
approach. Recommendations concerning the implementation of this 
approach are also an integral part of this report. 
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unique designs were postulated and discussed in the Third Quarterly 
Progress Report.. During the final quarter year I s effort, each of 
these designs was examined in d~pth. Out of these investigations 
emerged the specific recommendations and design approach presented 
in Chapter 4 of this volume. 

Succintly, the proposed approach to the design of the MILDATA 
System can be characterized as being a highly modular, expandable, 
open-ended system: based upon the use of the most advanced 
technology as extrapolated to the time frame of interest, in the 
fields of integrated e.lectronics, advanced digital memories, man
machine relations, communications, and software developments. 
Fundamentally the system's ability to provide the full range of 
data processing capability stems from the proper design of the 
interconnection of the MILDATA modules. These modules, which are 
segmentable, perform the critical function of integrating and co
ordinating the operation of the overall system. Once the Memory 
Traffic Control Module was properly defined and specified the 
MILDATA objective was in sight. 

This report serves to demonstrate the feasibility of this 
approach. Recommendations concerning the implementation of this 
approach are also an integral part of this report. 
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