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Preface 

The purpose of this individual study is to demonstrate the 

feasibility of using neuristor logic circuits in binary coded 

digital computers. 

This study was suggested by Professor J. Lubelfeld as an ex¬ 

tension of the work begun by Mr. H. D. Crane, (Ref. 1.). In 

addition to Professor J. Lubefeld, I wish to thank Captain 

F. !•'. Brown and Lieutenant M. Kabrisky for the encouragement and 

help that they gave to me in preparing this study. 

At this time, a practical neuristor circuit is not available; 

hence, the circuits shown may not be optimum. More information as 

to neuristor costs, weight, size, speed of propagation and re¬ 

fractory time must be available in order to construct the best cir¬ 

cuits for a specific purpose. However, this report should demon¬ 

strate the ease of accomplishing digital computer operations with 

neuristor circuits. 

tfilliam C. Ross 
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Abstract 

Digital computer circuits are constructed using neuristors. 

Using H. D..Crane's definition, a neuristor is a one^dimensional 

channel along which pulses may propagate, the pulses taking the 

form of propagating discharges having the following properties» 

1. Threshold stimulability 

2» Attenuationless propagation 

5. Uniform velocity of propagation 

4» Refractive period following the passage of a dis¬ 

charge past any point of a channel. 

Two neuristor pulse sequences representing binary numbers 

are fed simultaneously into a neuristor add circuit; a pulse 

sequence emerges which represents the sum of the two pulse 

sequences. Similar circuits are developed for subtraction, multi¬ 

plication, division, and other elementary operations. 

vi 
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NEURISTOR CIRCUITS TO ACCOMPLISH 

SOME DIGITAL COMPUTER OPERATIONS 

I« Introduction 

"We now formally define a neuristor as a device having the 

form of a one-dimensional channel along which signals may propa¬ 

gate, the signals taking the form of propagating discharges having 

the following properties: 

1. Threshold stimulability 

2» Attenuationless propagation 

3* Uniform velocity of propagation 

4. Refractive period following the passage of a discharge 

past any point of a channel, (during this-period, that 

portion of the channel cannot propagate a second discharge) 

For the reader who is unfamiliar with neuron properties, a 

suitable thinking-piece is the propagation of a chemical burning- 

discharge along a fuse, except that neuristors exhibit perfect 

"healing", and may consequently be used an arbitrary number of 

times. The refractory period may be thought of as the time of 

healing." (Ref IjJj) 

The human nerves also operate as neuristor lines. After a 

1 
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T Circuit 

Figure 2 
S Circuit 
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pulse is transmitted by a nerve, a certain refractory time is re¬ 

quired for the body to build back up the power required to transmit 

another pulse. 

Although there are examples of neuristor lines in nature, a 

practical neuristor line for use in digital computer circuits is not 

as yet available. If such a line is near to thp animal nerves in 

weight, power requirements, and efficiency, this line would be well 

suited for construction of airborne computers where weight and power 

requirements are at a premium. 

In the next paragraph, Crane's T and S junctions will be ex¬ 

plained; after that some simple conventions used in the figures will 

be stated; then, some digital operations which are easily accomplished 

by neuristor lines will be covered. These digital operations are ex¬ 

tracting a subsequence from a sequence of pulses in a neuristors 

line, and sorting, adding, subtracting, multiplying, or dividing 

binary coded sequences. The design of a complete computer is not 

attempted in this study, but rather a number of subcircuits are 

presented. 

The T junction is shown in Figure 1. Any pulse started at any 

of the three ends will proceed to the junction and’out both of the 

other ends. 

The S (share) junction is shown in Figure 2. A pulse applied 

at end (1) will proceed out end (2). The series of vertical lines 

2 
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T-S One Way Line Circuit 
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indicate that the power is shared over that interval. It is not 

possible for a pulse in one line to get into the other line. Vhen a 

pulse entering (1) and another pulse entering.(4) meet in the share 

portion, both pulses will disappear as each will have depleted the 

power in the line ah¿ad of the other^ Simultaneous pulse entry at 

(1) and (4) insures a meeting in the share portion of the circuit. 

Some special arrangements of S and T junctiohs are helpful. 

Consider the construction of a line which only allows passage of a 

pulse in only one direction. (See Figure J.) Here a pulse proceeds 

from (1) to (2) through the S and T junctions.. The pulse that goes 

back through the T junction does not meet a pulse in the S junction. 

In a sequence of pulses, the interval between pulses could be adjusted 

so that this returning pulse would encounter no pulses in the S junc¬ 

tion. 

However, a pulse proceeding from (2) to (1) would branch at 

the T junction. The two branches would meet in the S junction, thus 

inhibiting propagation of the pulse to (l). 

A few conventions will be used in all circuits to follow. 

They are adapted to make the circuits simpler and easier to follow. 

Pulses will travel in these circuits only from left to right 

unless an arrow indicates travel from right to left. An arrow will 

be used to indicate the direction of travel on circular paths and in 

any other cases of possible ambiguity. A S-T junction of the type 

5 
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just mentioned can be used to insure one way travel# 

Example (a). (See Figure 4.) Pulses entering at (1) or (2) will 

depart at (5)» No pulse can enter at (5). 

Example (b). (See Figure 5.) Pulses entering (1), (2), or (4) 

will depart at (5). 

Capital letters B» and C» will be use,d to designate binary 

coded pulse sequences# To describe a binary coded pulse sequence 

consider a sequence of pulses moving from (1) toward (2) in the 

neuristor line below: 

jy j*# |2/ j1# 
There is a uniform time interval labeled (#) between information 

positions. The time interval is greater than the refractory time of 

the line. Sequences of this type will be used to represent signed 

binary numbers. 

af is the first information position. A pulse is always in 

this position. 

Positions aQ through aj. are used to represent a binary number. 

This number equals; 

where a^^ is 1 if a pulse is in the position and is 0 if no 

pulse is in the position. 

as is the sign position for the number, when there is a pulse 

4 
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in this position the number is negative, otherwise the number-is 

positive. 

At any time, the statement "a^ is 1" will imply a pulse is 

in the information position; the statement "a, is o" will imply 
J 

no pulse is in the information position. 

Generally a much longer sequence of pulses will be needed to 

represent a large number. Other information than one number may be 

present in the pulse sequence. Thus: 

A ■ Vrrr^sV'^iVi*-*_ 

will mean that A is a binary coded pulse sequence containing: 

&f» th® pulse indicating the beginning of the sequence, aj 

through aQ, a binary number£+1 bits in length where a^ is the last 

information position in the number. ag is the sign position of the 

number • 

•,an are other information positions in the sequence. They 

may represent other binary coded numbers or other information. The 

arrow is a reminder of the direction of pulse propagation. 

All neuristor branches in any of the following circuits will 

have the same properties unless specifically stated otherwise. 

A few simple circuits for later use will now be shown. 

Circuit (x), (Figure 6.) allows only the a^, pulse to proceed out. 

The af which is always a "1", turns back to inhibit passage of 

succeeding pulses; in circulating around in the circular path a^ 

5 
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Unequal Circuit 
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furnishes a sequence of steady pulses to inhibit this passage. 

Such a circular path will be referred to as an inhibitor (symbol I) 

in the future. To stop these inhibiting pulsea for a new sequence, 

the (m) output of the T Junction inhibits the bit In the ring at S2 

after all of A has reached junction An N pulse generator (see 

Appendix A) actuated by the af bit could have been used to generate 

pulses which could inhibit the passage of the remainder of A through 

share junction Sj. 

An even simpler device could serve as a circuit (x) if re- 

liable neuristor. „ith variable refractory time, were available. * 

neuriator, with a refractory time greater than the propagation tine 

of a sequence past a given point, will allow only the first pulse of 

the sequence to propagate past the point. As circuit (x) serves to 

allow only the first pulse to propagate, insertion into a line of a 

neuristor with the correct refractory time will have the effect of 

inserting a circuit (x) into the line. 

Another simple circuit is the unequal circuit (Figure 7.). 

’Yhen the inputs a and b are not the same, one of them will be a pulse 

and proceed out the output, tfhen a and b are both "1% they are 

stopped in the S junction. When they are both "0"' nothing can pro¬ 

ceed to the output. This may also serve as the sum output of a half 

adder. 

Numerous other elementary circuits are listed in Crane's re¬ 

port. See Appendix A for his N pulse generator. 

6 
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II* Extractors 

Extractors are needed to obtain portions of an information 

train for future operations. Three types will be discussed here. 

They arei 

Extractor I. — One input and any desired fixed output. 

Extractor 11.-- Two inputs, the first contains the infor¬ 

mation which is extracted, the other input causes a consecutive 

subsequence of the first to be extracted. 

Extractor III.- Two inputs, one contains the infonnation 

and the other contains instructions needed to obtain the desired 

compressed sequence from the first input as output. 

A description of the construction of these extractor circuits 

and a more detailed functional description follows: 

Extractor I 

Let sequence A represent the bit train input. Let us suppose 

that we wish to extract certain bits so that the output is 

a7a9aaf_The circuit in Figure 8., will do this. 

In Figure 8., the lengths of the lines from circuit (x) to the half¬ 

adders is adjusted so that the inputs arrived when a^, a , and a 
? 7 5 

are at input positions Jg, J^, aild respectively. For example, 

if it took ten time units to get from Jo to then the time 

length of a* fTom j to J , J , and J , would be ten plus the ten 
o 1 5 5 

7 
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time units a- is ahead of a . (i.e., ftrta0a_a.a a.a a a a a has ten 
I y yö7o5^*21of 

intervals between a's.) Now, the output of all half adders will 

occur simultaneously. Combine the carry outputs as indicated in the 

diagram with a properly delayed output from circuit (x) (to give an 

a^,), and the required output results. The output ist a^a^a^a^_^ 

% 

Using the same principle, an Extractor I that gives any de¬ 

sired fixed output sequence may be easily realized. Even an output ‘ 

such as: a.,aÄa,a.a a. a should cause no difficulty. 
1 9 1 7 7 U f 

For use in block diagrams, Extractor I will be shown as: 

where A is the input sequence and the subscripts of "a" give the 

fixed output sequence. 

Extractor II 

Extractor II extracts aß through an+m for use in later opera¬ 

tions and also puts out an a^, to head this sequence so that the out¬ 

put is: 

a .a „a , a an i ^ 
m+n n+2 n+1 n f ' 

The positions n and m are variable and are given in the second input. 

See Figure 9*» to follow the circuit description that follows. 

Bit sequence B is generated by a programmed instruction; it 

enters the upper input. This bit sequence consists of: 

8 
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Information Position 
^n ^n-1 ^o^f 

Condition of line in 1...11 00...0 1....1 1 * i 
the position 

all I's all 0's all I's 

The times of propagation of the sequences are adjusted so that 

enters the share junction, S^, as a^enters S^. Thus only 

^a ein®rSe8 from Sj for only these positions are not in¬ 

hibited by the corresponding pulses of B. 

The' remainder of the circuitry provides a pulse for the a^ 

position of the output. An (x) circuit provides a pulse for the N 

Pulse Generator. The sequence of pulses provided by the generator 

meets B in S . The first pulse will get through S„ when b enters 

Sg, for is ^e first position with no pulse in the B sequence. 

Another (x) circuit allows only the first pulse to get back to the 

output. The ain+n*,,afc+iafc output is delayed so that this first pulse 

is one time unit ahead of a . Thus the output is a .a a-. 
n r m+n n f 

Extractor III 

The positions in input sequence A are extracted when the 

corresponding position in input sequence B is occupied by a pulse. 

The output is compressed so that the output sequence contains only 

as many time bits as there are pulses in B. With A' as output, 

a. a a« of 

A is 11...0101101 
• a#-l Vf 

» * 
implies A is 1...01101 

B is 01...1100111 

9 
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First let us examine what happens to the B sequence as it 

enters Extractor III. (See Figure 10b.) 

Sequence B enters and splits into three paths. 

Circuit (x) sends one pulse to start all inhibitors except 

and to later cause storage ring output. Circuit (x) triggers a 

continuous pulse sequence to inhibit sequence A. 

The upper path is set up so that the continuous inhibition of 

sequence A is interrupted when there is a pulse in the B sequence. 

Thus, all pulses of the A sequence that passed must be 0 where the 

corresponding position in B is 0. 

Now consider what happens to A sequence. (See Figure 10c.) 

The inhibitors shown are the same ones which are actuated by 

B sequence (the connections to the inhibitors via the B sequence are 

shown in Figure lOtj). 

A and B pulses enter Extractor III simultaneously. The nl"è 

in the B sequence have a cascading effect in that they close the open 

ring and open the next higher ring.. (See Figure 10b.) There is no 

problem of storage in a ring when b^ is "0" as the corresponding a^ 

is "O" due to action of the inhibitor pulse. 

To illustrate storage of the correct positions in A in 

storage rings, consider the following example» 

A is 101101 

B is 010101 

a^, proceeds to all storage rings but is Hocked by inhibitors 

10 
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Io thru ]£. Hence af Is stored in 'Rf only. 

b^, starts 1^, and stops Io after a^, has passed through. 

ao is zero, hence nothing is stored in Ro at this time. Io 

remains stopped as bo is "0". 

a, is stored in R . b, starts I and stops !.. 
1 oio * 

a passage is inhibited as bg is 'O".' R^ remains the open 
2 ring. 

a_ (a"0") is stored in R.> b, starts and stops,I2, thereby 
* making R2 the open ring. ^ 

a^ passage is inhibited as is "0". R remains the open 
4 ring. 

Thus, we have a^, in R^,, a^ in R^ and a^ in R^. The final out¬ 

put results when a single pulse from circuit (x) reaches the storage 

rings. (See Figure lOd.) This output producing pulse reaches the 

storage rings at lease£+2 time intervals after a^,. 
* 

The length of the lines are adjusted so that the outputs from 

paths passing by Rf, Rq, R^ etc., will reach the output line one 

time interval between each. 

An a^, pulse branches to clear the entire circuit inhibiting 

any pulses remaining after the final output emerges. 

11 



Figure 11 

Sorter 



Gà/EE/61-4 

III« Sortera 

Sorting is an operation that ia auited to neuriator cir¬ 

cuitry. 

Conaider the problem, if certain preacribed bita in sequence 

A match those of sequence B, have sequence A exit by output 1 of 

the circuiti if they do not match, have sequence A exit by exit 2.‘ 

(Sequence B could easily be sequence stored in storage rings and 

triggered each time by the af's of a series of different sequence 

A's). See Figure 11 to follow the solution in the next paragraph. 

Sequences A and B feed into identical El extractors. Here the 

bits prescribed for matching are extracted and feed into an^unequal 

circuit. An af is extracted by circuit (x) to start I . Any output 

of the unequal circuit closes the path to output 1 by starting I . 

Any unequal output also opens path 2 by stopping 1,. \fhen there is 

no unequal output, only the path to output 1 is open. Sequence A 

then proceeds out the correct path. Appropriate delays are used to 

insure that pulses reach the respective parts of the circuit in the 

sequence listed. 

12 
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IV. The Add Circuit 

Many alternate methods exist for construction of a circuit to 

add two signed binary numbers. The add circuit shown here is devel¬ 

oped in thrêe parts; these parts are the half adder, the basic adder, 

. and finally the full adder of signed fields. 

Basic Add Circuit 

This circuit adds two binary sequences representing binary 

numbers. There are two inputs (note a^, and b^, have been removed). 

Sequence Aq 

a£....a5a2a1ao,-v 

Sequence Bq 

bj£. •. .b^bgh^bp , y 

« 

Where as previously described» 

4 ■ ^ 'l-/'1* - «Ia1* a02° 

A - b^2 ♦ b^jr 1+ ... ♦b^1* b02° 

All a's and b's are either zero or one. If there is a pulse 

in the information position a^ then is 1; if there is no pulse 

in the information position a . then a. is 0. 
i i 

Two half adders are needed as basic sub-circuits for this 

circuit. A description of a half adder as shown in Figure 12., 

follows: 

15 
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Half Adder 
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Figure IJ 
Basic Add Circuit 
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Possible inputs 

(1) a -1, b .1 

(2) a ■!, b «0 

(3) a .0, t . 1 

(4) a .0, b . 0 

Outputs 

C * i S 18 0 

C - 0, s . 

C - 0, Sa 

C - 0, S a 0 

Analysis of operation in Figure 12 for the four cases listed« 

(1) Pulse a follows two paths from junction Tl. One pulse 

goes down to share junction S^, where it meets pulse b travelling 

through this junction in the opposite direction a Due to the meeting 

of these pulses in the share junction, neither can proceed any far¬ 

ther. The other "a” pulse proceeds out the carry output. 

(2) The "a" pulse travelling through the share junction Sp 

proceeds to junction ®ne Pa^ ^rom ^ allows the "a" pulse to 

proceed out the S (sum) output. The other path from T2 leads to share 

junction S^. The time of propagation is so adjusted that the "a" 

pulse from junction stops the "a" pulse in carry line as they 

meet in share junction S2 . 

(j) The b pulse travels through to junction T£ and out the 

S (sun) output. : 

(4) Ko input, hence no output. 

Two of these half adders with appropriate carry delays and 

carry feedback nay be combined to give a basic add circuit. (Fig¬ 

ure IJ.) 

14 
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Note that there is no possibility of two bits arriving-simul¬ 

taneously at the upper input to the second half adder fori 

(1) If there is a carry feedback from the second half adder, 

there must have been a sum input one time cycle earlier. As both a 

sum and a 6arry cannot be simultaneously produced by a half adder, 

there can be no delayed carry from the first half adder. 

(2) Similarly, if the carry from first half adder is 1, the 

sum input to second adder is not 1, hence no feedback arrives when 

the delayed carry from the first half adder arrives. 

Full Adder of Signed Numbers 

The circuit shown in Figure 14 will add signed binary numbers. 

The inputs are two signed binary numbers represented by pulse sequen¬ 

ces A and B of equal length. The last place in 4ach sequence is the 

sign position. When this position is occupied by a 1, the number is 

negative; when it is occupied by a 0, the number is positive. The 

mathematical principle used is to complement negative numbers and 

add. If the answer to this addition is negative, complement the an¬ 

swer for final numerical output; if the answer to this addition is 

positive, subtract the base for complementation for the numerical 

output. 

For easy r.fer.nc. to tho figure each block is given a number 

at the lover right land corner. Following ie a list of functions of 

each part of the figure; 

15 
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Block one extracts a 1 to serve as the first bit of the basic 

adder output (block nine) and to serve as the first bit of the final 

output» ~ 

Blocks three and four extract the sign bits. 

Blocks two and five extract the binary numbers for sequence A 

and 3» ’ 

Block si* yields the final sign output when both a and b 
s s 

are 1. It has no output unless they are both 1. 

The share circuit blocks input to the complimenters when both 

a and b. are 1. 

Blocks seven and eight complement the incoming binary number 

only when the sign input is 1. The base for complementation is a 

number three bits longer than the incoming binary number» This is 

accomplished by first considering a binary number two positions longer 

than the input (put two O's in next higher positions of incoming se¬ 

quence). Now the input considered is a^, ^ where 

1+2 and a¿+1 are °- 

Next the incoming sequence is combined in unequal circuit with 

a series of (/+2) I's. This series of I's is generated by the 1 

sign input to the complementer. 

Finally, the output of the unequal circuit and a 1 is fed into 

a basic adder to yield the complemented number. Note that the effect 

of talcing the output of the unequal circuit is to change the I's cf 

16 
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the incoming sequence to 0's and the 0's to I's. 

Block nine adds the inputs frpm the incoming complementers» 

Block eleven extracts the binary number for possible final 

complement action* 

Block- ten extracts the sign input for final complementation. 

Block twelve complements its input when it has a 1 sign input. 

The output of block twelve is sequence representing the sum of signed 

binary numbers A and B* 

By enumeration of possibilities of signs A and Bj the following 

depicts the operation of the adder of signed numbers. 

Case I, A and B are both positive. 

There is no output from block six as both inputs are 0. No 

complementation takes place in blocks seven or eight as the sign in¬ 

puts are 0. As inputs to the basic adder are only f positions long, 

the highest position possible for a 1 is in the (i+l)st position. 

Hence, the (/+2) position is zero and no complementation will take 

place in block twelve and no "1" sign output will come from block ten. 

Case II, A and B are both negative. 

Block six provides a 1 as the- sign of the final since the com¬ 

bination of two I's (a and b both 1 as both negative) in the half 
s s 

adder will yield a carry of 1. 

Other than this, action proceeds as in Case I for the sign in¬ 

puts to blocks seven and eight are stopped in the share circuit. 

17 
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Case III, A negative and B positive (as the whole diagram is 

symmetric the case of B negative and A positive will be omitted). 

Here we have two possibilities, Ul> B and |A|<B. In both cases 

A is complemented in block seven. 

Let C be the base of complementation, thust 

OU2) 0's 

C ■ 1 0000.0 0 -)A| is the output of block seven. 

.fhen |Al<B, the output of the basic adder is greater than C. 

But there can be no 1 in the {1*2) position as BCC/2. Hence the first 

^+1 positions ví ill be the answer. Examples 

A = 0011 then C - U1 . 111101 
B 0100 

swer 

'./hen , |A|> B, the output of basic adder is less than C. But 

there must be a 1 in the (£+2) position as |A|<C/2. Hence complement 

answer. Put out 1 for sign of answer 

0 - 1AU 111100 
_B - 11 

B - 0011 

C 

sign 

Complementing the five positions with C, ; une live positions with C, the output of comple- 

This is what was desired. The extra 1 takes care 
s 

mentor is 100001. 

18 
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of minus sign for output. A base for complementation, one-half of 

• « 

the C used might be employed if we are sure that A and B are of 

opposite sign or that A ♦ B will not cause a carry into a bit 

position outside the highest allowable input position,j(+1 
9 \ 

occupies the (JL+1) position). This would give us the advantage of 

% 

having output sequence length equal to input sequence length. 

As previously stated- the mathematical principal used here is 

to accomplish subtraction by complementation and addition. When the 

addition results in a sum which exceeds the base of complementation, 

the desired difference is realized by ignoring all places in sum 

higher than those present in the original factors. When the addition 

results in a sum less than the base of complementation; a negative 

sum requires another complementation to obtain the answer. 

(Ref 4tl24) 
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V. Subtraction 

To subtract one signed number from another, it is only 

necessary tot 

(1) 'extract the sign field of the first number 

(2) add this sign field to a 1 in. a half adder 

(5) replace the original sign with the sum output of the half 

adder 

(4) proceed as in addition of signed numbers. 

This procedure changes the sign of the number to be subtracted and 

then adds. 

20 
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VI. Multiplication 

The multiplication of two signed binary numbers is done in two 

parts. First, the sign of the product is computed by extracting the 

two signs and combining them in an unequal circuit. The output of 

unequal circuit is the sign of the product, âecond, basic multipli¬ 

cation is performed in a basic multiplier. An explanation of the 

basic multiplier follows. 

A circuit diagram for the basic multiplier is shown in figure I5. 

The mathematical principle is to first multiply the multiplicand 

separately by all (j£+l) powers of two; second, discard all products 

where the corresponding bit in the multiplier is 0; and finally, add 

together the remaining products for the answer. 

The first task is accomplished by branching the multiplicand into 

jt+1 branches and delaying each line by one more time unit than the 

next lower numbered line. As delaying a binary sequence multiplies 

the corresponding binary number by two, the multiplicand has been 

separately multiplied by all (¢+1) powers of two, (l.e., from 2° to 

The second task is accomplis’ed (see Figure I5. ) by inter¬ 

secting an a^, with each of bg...b0,s then sending the a^'s which get 

through to start corresponding inhibitors of the multiplicand 

branches. Thus if b^ = 1, a^, does net get to start and A times 

21 
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2i proceeds; but if > 0, does get to 1^, and A times 2* is 

stopped by Ij. 

The remaining products are added in successive groups of basic 

adders to yield the final answer. (See figure I5) 

22 
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VII. Division 

Plan for Division 

A t-B (Neither A nor B ■ 0) 

1. The sign fields of A and B a^e extracted and combined 

^ in an unequal circuit« The output of the unequal circuit is placed 

in the output quotient as the sign. 

2« Count the number of consecutive zeros in the nonsigned 

binary numbers of A and B, starting with the highest bit position. ' 

Let the results of the counts be represented by the numbers m and n 

respectively. 

Ji Subtract B x 2n-m from A. Store a bit in the 2n"m storage 
O 

ring. 

4. a. If the remainder is positive, subtract B x from 

the remainder. Store a bit in the a"'“"1 storage ring. 

b. If the remainder is negative, add B x 2n“m_1 to the 

remainder. Store nothing in the a""®“1 storage ring. 

5« Diminish the power of 2 in step 4 and repeat the operations 

in step 4 with this new power of t*p. Continue this process, each 

time decreasing the previous power of 2 by one, until the last avail¬ 

able storage ring has been reached. 

6. Generate two binary numbers K and N with the information 

in the storage ring. So that 
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« - Wn'B+ Wi2“““'1* •••• 

K ■ V/-“* Wi2”"”'1* •••• >Wi 

Wi2”-”-4 

gn-m-jL 

where 

1 and k^« 0 if there is a bit in the i th storage ring, 

kj« 0 and k^» 1 if there is not a bit in the i 1h storage ring. 

7* Subtract N from M, the result is the quotient desired. 

Reason- 

A ♦ B (-M+N) ■ final remainder 

A 
ÏÏ M-N+ final remainder 

B 

As the reminder can be made as small as desired by using storage rings 

represent!:^ smaller powers of two, then 

A T B *= II-K- any desired limit. 

thus the quotient of A -7 B is K-N with remainder limited by the power 

of two represented by the lowest storage ring and the magnitude of B. 

A round off by taking extra places will not be considered as a round 

off in binary arithmetic can only decrease the average error but not 

the maximum error. 1 

Division Circuitry 

The circuit will accomplish division as set forth in this plan 

is shown in Figure l6g. The possibility of A = 0 or B « 0 is also 

provided for in this circuit. A more detailed picture of the sub- 
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circuits is shown in Figures 16a, b, c, d, and e. Figure l6f 

explains in more detail the variable pulse generator shown in 

Figure l6e» 

Following is a more detailed explanation of the action that 

takes place in each stibcircuit* ^ 

1. Action in Figure 16a. (Proceeding from the top to bottom.) 

The upper El extractor removes the sign bit from sequence A, yielding 

an output of ag....aQaf. 

The other El extractor removes a3 and a^. as well as reversing 

the order of the sequence. This reversed order sequence is then com¬ 

bined in an unequal circuit with a sequence of (^+1)11s. The output 

of the unequal circuit will then be a0....ag (where Q-^+a^ »1). 

Here the number of consecutive I's in this output is a measure of the 

number of consecutive zeros in’the non-signed binary number A, start¬ 

ing with the highest bit position. 

The (x) circuit extracts the a^, bit. This a^, is fed into the N 

Pulse Generator to provide the (¿+1) I's for the unequal circuit. 

The a^, is also fed back at proper times into the lower line to in¬ 

hibit passage of a and a . The a„ also provides the A » 0 signal. 

If A is not zero, at least one of the bits in the lower line 

sequence ao will be a 1. Then the inhibitor blocking the 

A ■ 0 output will not let the a^. signal out. However, when A is zero, 

the inhibitor will not operate and the a^. signal will proceed out. 

25 
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The lov;er half of the figure is the same as the upper half 

except that b^, is not included in the first output. The (x) circuit 

feeds back the b^, bit to inhibit itself. 

2. Action in Figure 16b. 

'.'/hen B« 0, there is a 1 input to lower line from subcir¬ 

cuit a. This 1 signals error as division by zero is not possible. 

This ono also inhibits any further operations in the entire divider, 

'./hen À « 0., but E ^ 0. The 1 input from subcircuit "a" proceeds to 

the right to yield a 1 as the divider output and to inhibit further 

division circuit operation. This is what is desired for 0...001 is 

qsti£... which means the quotient is zero. 

J. Action in subcircuit 0. (Figure 16c.) 

This circuit is timed so that as long as a sequence of I's 

come in the upper and the lower lines, and I2 cannot start in¬ 

hibitor action. After operation starts, the first zero that appears 

allows the middle input to start the inhibitor of the line containing 

this zero. Thus the number of I's that pass and respectively 

are the number of consecutive zeros in A and- B counting from the 

highest bit position. By passing the upper and lower lines through 

the share -unction, the difference between the number of consecutive 

zeros in A and B is obtained. The difference only will then emerge 

out the line which contained the larger number of consecutive I's. 

(These I's represent consecutive 0's in the originel sequence.) 

76 



to 
G 

h 
O 

K 
« 
G 

G 
« 
a. 
o 

tu) <4-t 
C a) 

• © 
h C 
O O 

+> 
a m 
h © 
© M 

S# 
tO 

© 
© iH 
C O 
G Ix "H +* 
© *H “ 
3 O 
a* 

m 
© 
(Q 

"O 
T) 
< 

m 

E s © 3 
© T) «H 
©Go© 

© O O .S 
« G , '4> 
rj « © 
3 TJ O 
O.X -ri -H 

■P > W 
O © iH al 

n Pl, v X 

4* 
G 
© 
0 
© 

rH 
04 

i 
O 

K 

O 
M ö 
w 

ft- 
© 

i 
M a 
U © 

a 
>> 
© 

rH 
© 
TJ 

TJ TJ 
VO 
rH +Í 

•rl 
« 3 

U 
G i 

•H ü 
pu, 

3 
CO 

O 
A 



GA/EE/61-4 

There can be only one output. An upper output proceeds to open 

next higher storage ring; a lower output proceeds to open next 

lower storage ring. (See Figure 10b for inhibitor action in 

regulating open storage rings.) The 2° ring is initially the open 

ring, all others are closed by an a^, pulse. These outputs also go 

to adjust the N*x-y Pulse Generator. , 

4. Subcircuit d. (Figure I6d.) 

The ^•••b^b0 sequence enters the lower input and branches 

into 2,M paths, each one is one time unit longer than the next 

lower numbered path. Thus a binary number emerging from one of 

these lines would be 2 times a number emerging from the next lower 

numbered line. Initially all the inhibitors except 1-^ on these lines 

are set in action by an af bit. These are the same inhibitors that 

regulate the open storage rings in Figure l6e. The correspondence is 

such that regulates passage to The output of subcircuit C 

has operated to open the correct storage ring; hence, the correct 

line in the multiple branch is open. The following example illus¬ 

trates this i 

Suppose: 

ão...ã^_jã^ has first 0 in ã . ' 

b0.,.b^-|b£ has first 0 in b^. 

Then b output is 5 consecutive I's. These 5 consecutive I's close 

Ij and. open This delays the B number five time units more than 
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the A number which has fixed Í delays. Thus B has been multiplied 

by 2n“m so that subtraction may now begin. 

Next, after th% multiple branching, the B sequence sends a 

branch into a time delay ring. This ring returns the B sequence ad¬ 

vanced by one time cycle at the same time 'the remainder feedback re¬ 

turns to the upper circuit. This diminishes the power of two 

(in 2n“m xB) by one each time. 

Action in the remainder of the circuit is much the same as 

in full adder of signed fields. There are some important exceptions. 

One exception is that the sign of B x 2n_ni“* is always 

opposite that of the upper input. This is accomplished by allowing 

a branch containing the sign of the basic adder upper input to in¬ 

hibit passage of an a^ bit that is going to serve as the sign of the 

lower input. This helps accomplish step 4 of the Plan for Division by 

subtracting B x 2 when the remainder is positive and adding when 

the remainder is negative. The rest of step 4 is accomplished by 

storing the sign of the B x 2n“m'i input in the open ring. An af 

from each feedback goes to open the next lower ring and to close the 

open ring. 

Another important exception is.that the base for complemen¬ 

tation is two bits longer than the allowed length of incoming binary 

numbers. Trouble would result in the original full adder if I's were 

allowed in the high order positions and both numbers were positive. 

28 



“2J?+1 delays 

S Ji+ op delays 

1 delajf 

A 
N+x-y Pulse 

» 
Generator 

Input to adiust pulse setting (from subcircuit c) 

Figure 16e 
Subcircuit e. 

Notei or a^ are from circuit c 

Figure I6f 
N*x-y Pulse Generator 



GA/ee/61-4 

Then a 1 v/ould appear in the sign position even though both numbers 

were positive; (^+1) is the sign position for complementation with 

(jt+2 po3ition^>1000...0' . 

As we are always combining two numbers of opposite sign in 

this subcircuit, there is no danger of an addition causing a sign 

difficulty. i 

5» Subcircuit e. (Figure l6e.) 

The bit from subcircuit d which opens the last storage 

ring branches to become the input to subcircuit e. Of course there 

is a slight delay to allow time for storage in the last ring (R-j^). 

The upper branch line goes through to provide a first bit 

for the N and M binary number sequences. The sequence that emerges 

from the branching and af intersection with the storage rings is N, 

the number of times that B was added. The inhibitor action of N on 

a sequence of continuous pulses of the same length as N produces K. 

indicates the first open storage ring when the division 

begins. More branches may exist for higher number storage rings but 

these are blocked by a method described in subcircuit f. 

The a^, bit also provides a 1 for the sign of the 

number. Here again the base for complementation could be 

For uniformity this base should be used in all full adders; however, 

care must be not to exceed the capacity of the circuit by addition or 

an erroneous answer will result. 

Ü binary 
posi+'.iis 

I00*"0 
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, % 

A. the tlM. of dlTliion 1, variable, th. eign bit of tho 

final «».r i. .tor.d and triggorod'by a properly dolayed af bit. 

Ihia olgn bit 1. computed a. in tho'multlplioation cirouit, 

Í. Suboircuit f. (Mgur. lif . S«-y Pul„ generator.) 

Ihia suboirouit la a part of the previous eubolrouit. 

_ 411 0f ,h0"” ««k the paths of the af read out "l' 

to the atorag. ring. a. ,.11 .. the path, ahown In the N„-y PulM 

Oenerator. These inhibitors are in parallel with the normal one. 

*hi,h allow only on. atorag. ring to be open. Initially, ^ thru 

Iner «» olooed by an af bit. Each b from suboirouit o opens th. 

next higher line¡ ..oh ï olose. th. next lower line. It is im¬ 

possible to get both «1 * and E output from suboirouit c. The l end 

b bits which accomplish this action com, through the normal inhibitor 

linos which allow only on. storage ring to be open. However, after 

a and E output ceases, input to the inhibitors of Figure 16f, is 

blocked by « af bit. Thu. th, division operations will not alter 

the configuration of these inhibitors. 

. Example. Suppose storage ring configuration is 1101011. 

Then upper input to full adder 1. *00101001. This is-N. The 

lower input to full adder óllOlOllí. This is M. Th. output of the 

fUl adder is OlOlOlllf. This 1. the guettent, th. sign t. added in 

the next operation. 

7. Division Circuit Block Diagram (Figure 16g.). 

This diagram ties together all of division subcircuits. In 

addition it show, the combination of the sign bits in an unequal dr- 

cuit to yield the sign of the quotient. 

30 



Gà/EE/61-4 

VIII. Concluaion 

The ease with which the neuristor nets may be combined to per¬ 

form digital computer arithmetic operations (addition, subtraction, 

multiplication and division), indicates a need for further study of 

neuristor capabilities in performing digital computer operations. 

The existence of a more detailed plan for construction of a digital 

computer using neuristor nets would save much time in the construc¬ 

tion of a practical digital computer employing neuristor capabili¬ 

ties. Programming or checking are not included in this study, nor are 

plans for many other mathematical operations. Further work in these 
« 

areas is recommended to further develop neuristor circuits for digital 

computer operations. 

51 



“I 
GA/ee/61-4 

Bibliography 

1. Crane, H.D. Neuristor Studies. Technical Report 
No. I5O6-2, July 11, i960. Office of Naval 
Research. 

2. Biez«r( Boris, .nd 8.1/. UlbhoU. -Eng^.rlng Application, 
of Boolean Algebra*. (Electrical Manufacturing 

Oí" d” ) Pr1"1) Ke" ïork' ‘’»S» Publishing Oo., 

J. Murphy, J.S. Basic, of Digital Computers Toi. I, II and III, 
J.P. Rider, Publisher, I95Ô. 

4. Richards, R.K. "Arithmetic Operations in Digital Computers", 
Princeton, N.J., D. VanNostrand Co., I955. 

52 



GA/EE/óI-4 

Appendix A 

Figure 17 
K Pulse Generator 
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