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DEVICE FOR REDUCING IRRATIONAL-BASE
CODES TO MINIMAL FORM

Abstract of the Disclosure

A device for reducing irrational-base codes to a mini-
mal form, comprising "n" identical functional cells whereof
each l-th cell incorporatés a flip-flop with a count input
and an AND convolution element inbended to evaluate the pos-—
sibility of performing the operation of convoluting the
(1-I)-th and (l-p-I)-th code digits bo the 1l-th code digit,
One of the inputs of the AND convolation element is connect-
ed to an inverting output of‘the flip~flop whose direct oub-
put serves as an information outpubt of the l-th functional
cell; the flip-flop has its set, reséfvand count inpubts con-—
nected to an information input, a convolution set input and
an inversion signal inpub, respectivély, of-the 1-th func-
tional cell, which latter inpubt is connected to an informa-~
tion output of the (1-I)-th functional cell. The remaining
inputs of the AND convolution element are a first convolution
signal input, a second convolution signal input and a convo-
lution control input of the l-th function?l cell. An oubtput
of the AND convolution element is a convolution signal output
of +the' l-th functional ceil, which output is connected to a
f;rst.qonvplution signal input and a second oonﬁolution sign-

al input of the (l-I)—th_and (1-p-I)-th functional cells,
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DEVICE FOR REDUCING IRRATIONAL~BASE CODES
TO MINIMAL FORM

The present invention relates to computer equipment
and, more particularly, to devices for reducing irrational-
~base codes to a minimal form. _

The invention is applicable'to digital computers, dig-
ital data processing systems, digital measuring instruments
and systems for reducing irrational-base codes to a minimal
form, .

It is known that any natural number N may be represented

i

n=T
n=3% a¥w, (D)
1=0 ‘

where n is the digit capacity of the dode, and

as follows:

Ef:p(l) is a certain Fibonacci p-number.

Fibonaccip-numbers are determined with p ;3(3, which is
an integer, by the followihg recurrence relation:

| 0 with 1 < ©
Yo =! Twith1=o0 (2)
Y- + Y (1-p-I) with 17 0

With p = 0, Fibonacci p-codes are a generalization of
the classical binary method of number representation; with
P =09, they qoincide with what is knownvas the "uniﬁary"
code (cf. A.P. Stakhov, "Vvedeniye v algoritmicheskuyu teor-
iyu izme%en;y" /"Intioduction to the Algbrithmic Theory of

Measuremehts"/, Sovvietskoye Radio Publishers, Moscow, 1977).
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The "golden" p-code signifies a higher level of nota-—
tion. The '"golden" p-code of a real number A igs the follow-
ing method-whereby A is represented as a sum total of degrees

of the "golden" p-proportion where pe{i, 2, 3, ...,C¥9}:

oo.
‘A = Z alii'), , : (3)
22— O

whereeffz{O, I} is a binary number in the l—th digit of the
"golden p-code;cl_% is the weight of the 1~bh digit (i.e,
the l-th degree of the "golden" p«proportion);ofi is .the

"golden" proportion which is the real root of this equation:
XL o xP 41, (4)

I+\{5 I+V5
T2 2
is referred to as the "golden" proportion; hence, the name

of the code (3).

with p = I, = . The coefficient o[ =

The "golden"'proportion:ip DPossesses this fundamental

propertys

I

I'n _ (n-I ‘n-p-I '
. JP —-o[P +°fp ? (5)

which follows directly from (4).
Fibonagci p-codes and "golden'" p-codes are irrational-

~base codes, since

linl&&éfi::iz; =Q[ . ta)
n>0g9 Sécn} P

...3)...
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The bagic distinguishing feature of irratioral-~basge

codes is their redundancy, which means that each number A

has several representations in irrational-base codes. For

example, with p = I, the number 8 can be represented by the

following Fibonacci I-code (p = I)
Weights of Digits 13 8 5 3 2 1 I
Pibonaccli I~-code O I 0 0 0 0 0
O 0 I I O0O0O
0O 0 I 0 I I O
. 0 0 I 0 I 0.1

In the "golden"'Imcodé:

Weights of Digits f ¥ L2 L2 JI (5 (-T2

-2

-
I

Qo O | H

0

I

0
I
-

H H O

o

0
0
0

I

- O H . H

H © O

I

0
0
I

I

o O ©

0

CH M

I

An impoftant concept of the theory of irrational-base

codes is the concept of the normal, or mihimal, form., This

is to be understood as an irrational-base code of a number A,

wherein any group of p+I successive code digits does not bhave

more than one units digit. The process of reducing an iria-

tional-base code to a minimal form is referred to as normali-

zation of an irrational-base code. With p

I, the normaliza-

tion is carried out by performing all operations involved in

the convolution of binary digits of the irrational-base code.

-4 -
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The convolubtion of binary units digits a1 and a .o bo the
zero digit a, = 0 is to be understood as a replacement of

the digit values by the respective negative values, i.e,

8n qn.t ap-2
0 T I
\ |
I 0 0

The opeiation of convolution is designated ag & !- P
The reverse operation is referred to as devolution of a digit
and designated as | l ?7 It_must be emphasized thaé the
operations of convolution and devoldubion of binary digits do
not alter the number A represented by a code because of +the
- fundamental feature expressed in 5).

The convolution of the "golden" code comprises perform-
1ng all the operations involved in the convolution of binaxy

dlglts. Here is an example fcr the golden proportion code:

Weights of Digits j %il LEAS L3R5

_ I'0 0 0 o0 0.0
The'devolution of. the "golden" code-consists in perform-
ing all the operations involved in the devolution of the

binary digits. -
. S -5 -
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For example, for the “golden" proportion codes

Welghts of Digits O[%Q[% Q[% ig JEIJEZJEB

0 "I I I o I I

There is known but a single device for reducing an
1rratlonal—base code, namely, the Fibonacci p-code, to a
mipnimal form. The device comprises identical‘functional
cells, each having aﬁ information input and an information
output. Code combinations of a number A are applied to the
information input and read out from the information output.
Each functional cell further includes information convolu-
tion inpubs, a set input, a convolubion control input and‘a
convolution signal output. All these are interconnected in
accordance with the algorithm of the device,

All the'functional cells have ‘an identical circuitry
which incorporates a flip-flop, as well as AND and OR gates.

The device under review is disadvantageous in bthat it
does?gﬁle out,mlsoperaﬁion of the f£lip-flops, a phenomenon
~known as "signal rgce", while reducing a Fibonacci p~code to
a minimal form, Misbperation may be due to the fact that the
Parameters of components incorporated in a functional cell
ére not in keeping with the specification; as a result, the

operation cannot be timed correctly. Consider the following

-6 —
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example of reducing the number 10 to the minimal form of
the FPibonacci I~-code. The number IO is represented as fol-
lows:s

Weights of Digits 13 8 5 3 2 I I

No of Cell 6 5 4 3 2 I 0

Code IO ) 0 I I I 0 o0

While convoluting to the fifth functional cell, there
may arise a situation when the flip-flop of this cell is
reset faster than the flip-flop of the third functional
‘ cell, which is because the parameters of the components of
the fourth functional cell do not correspond to the specifi-
~cation. As a result, there are produced the'conditions for
the convolution to the fourth functional cell and the re-

sultant code is like this: O I I 0 0O © 03

A 1]

hence, therg is produced the condition for the convolution
to the sixth functional cell. The final code is like thiss
I o o 0 0 0 0, whichbmeans that the reduction
to the minimal form is wrohg. To generalize, it can be‘stat—
ed that a "race“ may occur in all the 2% f‘?p(n) cases of
reducing an initial code to its minimal form,

Besides, the device under review has a limited functio-
nal range, because the convolutipn and devolution opgrations

can only be performed on the Fibonacci p-codes.

- 7-
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It is an object of the present invention to improve

the operating reliability of the device for reducing irrational-

base codes to a minimal form.

It is an other object of the invention to provide
a device for reducing irrational-base codes to a minimal form,
which would ensure a noise-proof storage of information,
such that makes it possible to detect a high percentage of
malfunctions of the flip-flop setting type and correct any
malfunction of the flip-flop resetting type.

It is still another object of the invention to
provide a device for reducing irrational-base codes to a
minimal form, which would be capable of converting a digital-
pulse code of any predetermined "golden" p-proportion degree
to a respective "golden" p-code.

Finally, it is an object of the invention to provide
a device which would make it possible to ad up "golden" p-
codes. .

The present invention consists in providing a device
for reducing irrational-base codes to a minimal form, com-
pPrising "n" identi¢al functional cells in a number equal to that
of code digits, each having at least an information input, an
information output, a convolution set input, two convolution
information inputs, a convolution control input and a con-
volution signal output which in the l1-th functional cell is
connected to the set input of the (1-p-I)-th functional cell,

while its information output is connected to a first
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convolution information input of the (1+I)-th functional
cell and to a second convolubion information input of the
(L+p+I)~th functional cell, which device is characterized,
’in accordance with the invention, in that each functional
¢ell includes an inversion signal input which in the 1-th
functional cell is connected to the information output of
the (1-I)~th functional cell, where n is the digit capacity
of the irrational—base_code, 1 =0, I, 2, seey (n~I), and
"D = I. |

It is expedient, according to the invention, that in a
device where the irrafional—base code is the Fibonacci p-code
and the "golden" proportion p-~code, each functional cell,
beginning with 1 = I, should include a flip-flop with a counb
inpu?, its inverting output being connected to an input of an
AND eleﬁant whose other inputs are respectively connected to
‘the convolution information inputs and convolution control
input of the samé functional cell, an output of the AND ele-~
ment and a direct output of the flip-~flop being respectively
connected to the convolubtion silgnal output and the information
output of the same functional cell, whereas a set input; a re-—
set input and a count input of thé;flip-flop of the 1l-th func-
tional cell ére respectively connaected to fhe information in-
put, convolution set input and inversion signal input of the
.same functional cell,'the functional cell corresponding to the

low order of the code being a flip~flop.

_o-
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In order to perform the code-devolution operation, it
is desirable, according to the invention, that each functio-
nal cell should additionally include two devolution signal
‘inputs intended to receive devolution signals, a reset sign-
al input, a convolution inhibit signal input, a devolubtion
inhibit signal input and a devolution signal output which in
the l-th functional cell is connected to the first devolution
signal input of the (l-I)=th functional cell and to the Sec-
ond devolution signal input of the (l-p-I)-th functional
cell, whereas the devolution inhibit signal inputs and con-
volution inhibit signal inputs are.respectively connected to
two common points which are the devolution inhibit signal in-
put and convolution inhibit signal input, respectively, of
the device for reducing irrational-base codes to a minimal
form; ' _ |

In_order to perform the operation of devolution, it is
essential that each functional cell of the device according
to the invention should include a devolution inhibit gate, a
convolution inhibit gate, a flip—flop setting OR element and _
a flip-flop resetting OR element, a first input of the devo-
luation inhibit gate being connected to the inverting oubpub
of the flinTlop, while a second input and an output of the
devolution inhibit gate are the devolution inhibit signal in-
put and devolution signal output, respectively, of the same
functional cell, a first input and a second input of the con-

volution inhibit gabe being the convolution inhibit signal

- 10 -
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input and inversion signal input, respectively, an oubtput of
the convolution inhibit gate being connected to the count
input of the flip-flop whose set input is connected to the
information input and to the devolubion signal inputs of the
same functional cell via the flip--flop sebtting OR eiement,
the reset input of the flip-flop being connected to the res—
et signal input and the convolution set input via the flip-
-flop resebtting OR element. A _ '

In order to checkvif Tthe device operates properly, it is
advisable that each functional cell should include a check
output and contain an AND check element whose first input and
second input are respectivel connegted to the information
output and convolution information input of the same functio-
nal cell, whereas its output serves as a check output of the
functional cell.

- In order %o expand the'functional range of the device,

it is expedient that in the dewvice in accordance with the in—
vention, whére the irrational-base code is the "golden'" p-pro-
portion code, the l;th functional cell, beginning with 1 = 2, .
- should have a functional input and include an OR delay element
whose inputs are connected to the remaining inputs of the
flip-fldp resetting OR element, a third iﬁput of the flip«flqp'
setting OR element being connected to the functional input and
the second devolution signal input of the l~th fhnctional cell

via the 'OR delay element,

- 11 -
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The present invention makes it possible to improve
the operating reliability of devices for reducing irrational-
base code, namely, Fibonacci p-codes and the "golden" p-
proportion codes, to a minimal form. The invention provides
a simplified functional cell circuitry and makes it possible
to perform such additional operations as the transformation of
degrees of the "golden" p-proportion code, the counting of
pulses and adding up "golden" p-proportion codes.

Other objects and advantages of the present invention
will become more apparent from a consideration of the following
detailed description of preferred embodiments thereof, taken

in conjunction with ithe accompanying drawings, wherein:

Fig. 1 is a functional diagram of a device for reducing
irrational-base codes to a minimal form, which performs the
convolution of code combinations, in accordance with the

invention;

Fig. 2 is a block diagram of a device which performs
the convolution ‘and devolution of code combinations, in

accordance with the invention;

Fig. 3 is a functional diagram of an embodiment of
the functional cell in accordance with the invention;

Fig. 4 is a functional diagram of another embodiment
of the functional cell in accordance with the invention, which
accounts for a broader functional range of the device for the
case of the transformation of "golden" p-proportion codes,

in accordance with the invention.



10

15

20

25

30

35

1132263

Fig. 1 shows a functional diagram of a preferred
embodiment of the device according to the invention for re-
ducing irrational-base codes to a minimal form with p = I and
n = 5, where n is the digit capacity of the code and where the
irrational~base code is the Fibonacci I-code or "golden”

proportion I-code.

The device comprises n, i.e., five, identical
functional cells I, whereof each l-th cell (let it be assumed
that 1=2) has an information input 2 intended to record in-
formation in the form of a code digit. The 1l-th cell further
includes an information output 3 for reading out information
on the stage of the functional cell I, as well as a first
convolution information input 4 and a second convolution
information input 5 which are intended to receive information
on the state of the (1-I)-th and {l-p~-I)-th, i.e., (1-2)-th,
functional cells I. Each of the l-th functional cells I
further has a set input 6 whereat there is applied a one signal
for resetting the 1-th Ffunctional cell; the 1-th cell further
includes a convolution control input 7 which, when receilving
a one signal, enables a possible operation of convolution; the
1-th cell further has a convolution signal output connected
to the set input 6 of the (l-p-I)-th functional cell T (a one
signal is produced at the convolution signal output if the
convolution condition is satisfied); the l1-th cell further
includes an inverting input intended to receive a signal for
inverting the state of the functional cell T while performing

the convolution operation.

- 13 -
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The convolution signal output of the 1l-th functional cell T
is connected to the convolution set input 6 of the (l_pr)~
—th, i.e. (1-2)=th, functional cell I. The information out—
put 3 of the l-th functional cell I is connected to the first
convolution information input 4 of the (1+I)-th functional
cell T and the second information input 5 of the <l+p+l)—th,
i.e. (1+2)~th, functional cell I. The convolution control in-
puts 7 of all the functional cells I are connected to a com—
mon bus which serves as a control.input for the whole device,
whereat there is applied a one control signal whenever it is
necessary bto reduce a Fibonacci p-code or a "golden" propor-
tion p-code to a minimal form. The information outputs % of
all the functional cells I make~up a multidigit information
output of the device with a number of digits equal to n. The
information inputs 2 of all the functional cells I make up a
multidigit information input of the device, intended %o enter
the information on the number in an irrational-base code.

The 1-th functional cell I further has an inversion
signal 1nput connected to the information output 3 of the
(l—I)—th functlonal cell and intended to recelve an inversion
signal which alters the state of the 1-th functional cell TI.

FEach l-th functional cell I, beginning with 1 = I, has
a flip-flop 8 with a count input. In all the functional cells
I, with the exception of that functional cell I which corres-
~ponds to the lower dizit of the code, an inverting output 9

of the flip-flop 8 is connected to an inpab of a convolution

- 14 -
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AND element IO. The other inputs of the convolution AND ela—
ment 1O are respectively connected to the convolution infor-
-mation'input 4, convolution information input 5 and convoiu~
tion control input 7 of the functional cell I. An output of
the convolution AND element IO serves as a convolution signal
output of the l-th functional cell I. A one signal is produc-—
ed aﬁ the output of the<convoiution AND element I0 if the
flip-flop 8 is reset and if.one signals‘are applied to the
first information input 4, the second information input 5 and
the convolution conbrol input 7. A direct output of the flip-
—-flop 8 is the information output 3 of the functional cell I..
The set and reset inputs of the flip~flop 8 are respectively
connected to the infromation input 2 and convolubion set input
6 of the functional cell I. »

The functional cell I, which corresponds to the lower
order of the code, is a flip-~flop 1l. As is seen from Fig. 1,
some inputs are not activated in the functional cells I corre~
sponding to two lower (1 = O, 1 = I) digits and the higher
(1 = n-I) digit. For example, the convolution information in-
put 5> is not activated in the functional cell I corresponding
to the first digit; the set inputs 6 are not activated in the
functional céLls I corresponding to the third and fourth di-
gits. However, all the functional cells I are of the same
type; if a greater number of digits is required, the chain of
the functional cells T is to be built up on the side of the

higher (1 = n-I) digit so as to activate all the inputs of

- 15 -
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the third and fourth functional cells I. In this case the
lower order functional digit I remains as‘shown in FPig. 1,
Pig. 2 shows an alternative embodiment of the device
according to the invention for reducing irrational-base co-
des to a minimal form with p = I and n = 6, In this case the
irrational-base codes are the Fibonacci I-code and the "eold—
en' proportion p-code. The de#ice of Fig. 2 comprises six
identical functional cells I and differs from the device of
Fig. 1 in that each functional cell I has a first devolution
signal input 12 and a second devolution signal input 13% wher-
eat a one signal is applied while performing a devolution
operation, which signal brings the functional cell I to the
one state; a reset signal inpht 14 intended to receive a one
" signal and'thus reset the functional cell I; a convolutbtion
inhibit signal input 15 intended to receive a signal which
inhibits the convolution operation; a devolution inhibit sig—
nal input 16 intended to receive a signal which inhibits the
devolubion operation; a devolution signal oubput connected to
the inputs 12 and 12 of the (1-I)-th and (1-p-I)~th functio-
nal cells I. A one~signal‘is produced at this output if the
devolution condition is satisfied. The convolution inhibit
signal inputs 15 of all the functional cells I are connected
to a common convolubtion inhibit bus of‘the_device; a one sig-
nal at this bus inhibits possible convolubtions. The devolu-—
tion inhibit signal inputs are connected to a common devolu—
tion inhibit bus of the device; a one signal at this bus

inhibits possible devolubions,

- 16 -
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As is seen from Fig. 2, some inputs of the functional
cells I are not activated. For'example, thé convolution inhi-
bit signal input 15 and devolutiorn inhibit signal input 16
are not actuated in the functional cell I éorrasponding to
the lower (1 = 0) digit, which equally applies to the devo~
lution signal output ‘and the devolution signal input 123 the
convolution inhibit signal iﬁput 15 and the devolution signal
output are not activated in the functional cell I of the
first digit; the devolution signal inputs 12 and 13 are not
activated in the functional cell I corresponding to the high-~
er (1 = n-I) digit; the devolution signal input 13 is not
'activated in the functional cell I corresponding to the (n-2)-
=th digit, If it is neoessarj to have more than n digits, the
chain of the functional cells I shoﬁld be built up on the
side of the higher digit so as to activate all the above-men-—
tioned ipputs and outputs.

Fig. 5 presents an embodiment of the l-~th (let it be as-
sumed that 1 = 2) functional cell I which comprises a devolu-—
tion inhibit gate 17, a convolution inhibit gate 18, a flip-
~flop setting OR element 19 and a flip-flop resetting OR ele-
ment- 20, } ‘

‘A first input of the devolutiqn inhibat gate 17 is the
devolution inhibit signal input 163 a ‘second input of the
devolution inhibit gate 17 is connected to the inverting oub-
put 9 of the flip~flop 8; an output of the devolution inhibit

gate 17 is the devolution signal output.

- 17 -
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The devolubtion inhibit gate 17 is intended to block the
Passage of a one signal from the inyerting output of the
flip~flop 8 to the devolubion signal output in the presence
of an inhibit signal at the»devolution inhibit input‘l6, The
convolution inhibit gate 18 is intended to block the passage
of a'one signal from .the information output 3 of the (1-I)~th
(Fig. 2) functional cell I to the inversion signal input while
performing the operation of convolution and in the presence of
an inhibit signal at the convolution inhibit input 15. The
output of the flip-~flop setting OR element 19 (Pig. 3) is con-
nected to the set input of the flip~flop 8. The inputs of the
flip-flop setting OR element 19 are inbended to receive sign-
als from the first devolution signal input 12, the information
input 3 and the second devolution signal input 13, These in-—
buts serve to enter initial information in the flip-flop 8 and
set it while performing devolution. The output of the OR ele-
ment 20 is connected to the reset input of the flip~flop 8.
The inputs of the OR element 20 are intended to receive sign—
als from the reset signal input 14 and the convolution set in-
put 6, These inputs'serve'to reset‘éhe flip-flop 8 while per«
forming devolution and convolution, respectively.

A An output 21 6f the convolutbion inhibitAgate 18 is cone~
nected to the counﬁ input of.the flip-~flop 8. The functional
cell I further includés an AND check element 22 whose first
input  is connected to the information output 3, while its

second input is connected to the first convolubion information

- 18 -
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input 4, and an oubtpub is a control output 23 of the func-
tional cell I. |

The AND check element is intended to check an irrationale
~base code for a minimal form attribute. A one signal is pro-
duced at its output if the l-th and (1-I)-th functional cells
I are in the one state, ‘

Fig., 4 shows an alternative'embodiment of the l-th func-~
tional cell I incorporated in a device which transforms only
the "golden" p-proportion code. Unlike the embodiment of
Fig. %, each l-th functional cell I of Fig, 4, beginning with
1 = 2, includes an OR delay element 24 whose first input is
connected to the second devolubion signal inpu$ 13, while its
second input is connected to a functional input 25, The sec-
ond devolution signal input 13 is connected to a third input
of the OR element; the functional input 25 is connected to
the remaining; i.e. fourth, input of the OR element 20.

The functional input 25 is intended to receive informa-—
tion one sigﬁals while transforming a digital—bﬁlse code of
the "golden" p-proportion degrees to the “golden p--proportion
code, as well as while counting pulses in the "eolden" p-~pro-
rortion code of adding up "golden" proportion p—-codes. ’

The device according to the inventionlfor reducing irra-
tional~base codes to a minimal form (Fig. 1) opsrates as fol-
lows. Suppose one has to reduce to a minimal form the number 5
represented'in the‘Fibonacci'I-code which differé from the

minimal. The representation-is like this:

;.]:9...
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Weights of Digits 5 3 2 I I

No of Functional
Cell I 4 3 2 I 0

Fibonacci I—Code 0 I 0 I I

Through the information inputs 2 (Fig. I), the code is
entered in bthe flip-flops 8 and the flip~-flop 11 of the func-
tional cells of the third, first and zero digiﬁs. As a one
signal is applied to the control input of the device, the
AND element 10 of the l-th functional cell I, at whose inputs
there arrive one signals from the information outputs 3 of
the:(l—I)—th and (l-p-I)-th functional cells I and from the
inverting output 9 of the flip~flop 8 of the:l—th gell I,
analyzes the possibility of performing convolution. In this
case the condition for convolution (i.e. the presence of a
zero signal at the information outputs % of the l-th functio-
nal cell I and of one signals at the information outputs 3 of
the (l-I)—th.and (l=p~I)-th functional cells I) applies to
the second functional cell I. A one signal is produced at‘the
‘output of the AND element 10, i.e. at the convolution signal
output of the second functional cell I; through the convélu—
tion set inpﬁt 6, this signal resets the fiip~flop 11 of +the
functional cell of the zero diéit.

A zero signal is produced at the information output 3 of
 this functional cell I and is applied Through the inversion

signal input to the count input of the fiip-flop 8 of the

- 20 -
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first functional cell I and resets the flip-flop 8. As this
takes place, a zero signal is produced at the information output
3 of the first functional cell I; the zero signal is applied

to the count input of the flip~-flop 8 of the second functional
cell I and sets this flip-flop 8. The first convolution is
over. The resultant code recorded by the device is this:

o) I I 0 0. The convolution condition is satisfied

in this case for the fourth functional cell I. At the con-
volution signal output of this functional cell there is produced
a one signal, whereupon the process continues as described

above:
O I I
o} I 0
0 o]
I 0 0]

As a result, the initial combination O I 0 I I
becomes I 0 0 o) O, which corresponds to the minimal
form of the number 5 in the Fibonacci I-code. The duration of
the one signal at the control input of the device must
necessarily be in excess of the time required for performing
all possible convolutions. The convolution being over, the
information on the minimal Fibonacci I-code is read out from
the information outputs 3 of the functional cells I. The
"golden" p-proportion code is reduced to a minimal form in
a similar manner. Tt must be emphysized at this point that
the device in accordance with the invention for reducing

irrational-base
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codes to a minimal form rules out ambiguities in reducing
any I'ibonacci p-~code to a minimal form. The device of this
invention is such that the operation of convolution is caxr-—
ried out sequentially from the (l~p-I)-th Aigit to the (1-I)-
—-th digit and from the (1-I)~th digit to the l-th digit., If
there is a condition for convolution for the l-th, (1-I)-th
and, (l-p-I)~th functional cells I, the first step is the
resetting of the fliip-flop 8 6f the (l~p—I)~th functional
cell I. Zero pobential is produced at the information ogtput
of this cell and is applied to the count inpubt of the flip~-
~flop 8 of the (l—I)-th functional cell I to reset that f£lip-
-flop 8; thus the flip~flop 8 of the l-th functional cell I
is set. As a resulb, it is unnecessary to simultansosuly
change the state‘of'the flip-flops 3 of the three digits,

The devolubtion of an-irrational-base code is carried out
as follows. Let it be assumed that the Tollowing "golden" pro-

portion I-code is entered in the device:
ia i; io ifai“%i"B
I 0 I 0 0 0

An inhibi® potential is applied to the convolution inhi-
bit input 15 (Fig. 2) from an extérnai control unit (not
shown), whereas an enable potential is applied to the devolu~
tion inhibit input 16.

A pulse distributor (not shown) is then brought into play

and successively applies one signals to the reset signal inputbs

14 of all the functional cells I, beginning with the cell I

- 2D
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corresponding-todel. The one signal apﬁlied to the reset
signal input 14 of the funchional cell I, which correspondg
to the weight [0, resets the £lip~fiop & through the OR ele-
ment 20. A one signal is produced abt the inverting output 9
of this flip-flop 8 and is applied via the conducting devolu—
tion inhibit gate 17 to the first devolution signal 1npuv 12
of that functional cell I which corresponds to the weight
"I; this signal is also applied to the second devolubion
signal input 13 of that functional cell I which corre,ponds
to the welghtjf « The one signal is then applied via the OR
elements 19 to the set inputs of the»flip—flops 3 of the abo-
ve-mentioned functional cells I and sets these fllpnflopq 8.
The resultant code is as follows.
e£220L1 J:O eﬁ—Ioﬁj2O£~5
I 0 I 0O .0 0.
I 0 O I I O - new state
As a one signal is subsequently applied to the reset
signal input 14 of the functional cell I corresponding to the
Welghtcﬁ » The resultant processes are similar to those desc-

ribed above,‘and the .resultant code is as follows:
L2Lr0 T2 s
T 0 0 I I. 0
I |
‘ -0 I I I I O - new state

At this point the devolubtion process is over.

- 2% -
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The introduction into each functional cell I of the AND
check element 22 provides for such information storage condi-
tions which make it possible bGo detect malfunctions of the
| flip-flops 8 and 1l1l.

Let it be assumed that entered in the device is a ﬁiniu
mal code of the "golden'" p-proportion, such ass

IziI QCO i—~1c£-2c£-5
‘ 0 I o I 0 0

The introdactién of information into the device is a.
controllable process. In fact, if thp recording of the mini-
ma; code of the "golden" p-proportioh is accompanied by an
error in the minimal form attribute of the code, the exroxr
is detected by the presence of one Signals at the control
output 23 of at least one functional-bell I,

Following the recording of the minimal code of the
"“"golden" p-proportion, the gtorage of the code is also conbr—
olled. In order to carry out this process, 1t is necessary to
remove the inhibit signal from fhe devolution inhibit input
16 and apply an inhibit signal to the convolution inhibit in-~
put 15.‘Let it now be assumed that a spurious éignal resets
the flip-flgb 8 of éﬁe functionai cell I corresponding to the
weightoﬁI. As é result, at the inverting output 9 of the
flip—flﬁp 8 of this functional cell I there is produéed a one
signal which is applied via the conducting gate 17 to the de-~
volutioﬁrsignal output, This signal 1is applied wvia the first

devolution signal input 12 and flip-flop setting OR element

'

- 24 -
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19 to the set input of the flip-flop & of the functional

cell I corresponding to the weight:ﬁp, whereby this Llip-
~flop 8 is set. This one signal is also applied via the so-
cond devolution signal input and OR element 19 to the set
input of the flip-flop 8 of the functional cell I corxespondu
ing to the weight o= I., But this latter flip-flop 8 is already
in the one state and thus remains. The resulbant "golden"

proportion code is like this:
' ‘ <£ 2 [T J;O [T i-a (-3
0 0 I I 0 0

This code differs from the norm%l. As a result, a one
signal, which is indicative of an error, is produced at the
control output 2% of the functional cell I corresponding to

the Welghtv[ « Thus the device, whogse functional cell I is
shown in Fig. 3, makeg it possible to detect all malfuncti-

ons of the flip-flops 8 of the I—0Q type. A high percentage

of malfunctions of the O—=I (about 99 per cent with n = 20)
is aiso detected, . |

The deviqe, whereof the functional cell I is shown in
Fig. 4, provides for information storage conditions such thet
malfunctions of theYI€f§O typg do not erase digital informa-
tion. This is due to the introduction of the OR deiay element
24 whereof one of the inpubts is connecbtbed o theusecbnd devo-
lution gignal input 13. The same input is connected to the

|

third'input of the flip~-flop resetting OR element 20,

- 25 -~
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Supposo the same "golden" broportion code is entered

in the device: _
Q[Z JCI iio Jiml(JTZ(Lfﬁ
0 I 0 I 0 0

There is an inhibit potential at the convolubion inhibit
input 15; on the other hand, the inhibit potential is removed
from the devolubion inhibit input 16, Suppose now that again
a spurious signal resebts the Lflip~flop 8 of the functional
cell I corrgsponding'to the weightoﬁx. A one signal is prod-
uced at the devolution signal outpubt of this fﬁnotionﬁl cell
and applied to the First devolution signal input 12'of the
'funétional cell I corresponding’to the weight¢ﬁp, whereby the
flip-flop 8 of this functional cell I is set. The same one

signal is applied to the second devolutlon signal input 1% of

the functional cell I correspondlng to the welght°£ I. Thls
leads to the following sequence of events. Vla the flip-flop
resetting OR element, the one s;gnal is applied td the flip-
~flop 8 and resets iL. As a result, this one .signal proceeds
via therconducting devolution inhibit gate 17 to the devolu-—
tion signél oﬁtput of the functional cell I corresponding to
the Wel”htcﬁ.I. Thls sets the flip-flops 8 of bhe functional
cells T correspondlng to the Weléhts‘£_2 andWL 5, the setting
being brouﬂht about as described .above.

The same one signal from the second devolutidn signal
input 15 of the functional cel] correspondlng to the weight"
CE -I Passes through the OR delay element 24 and is applled

- 26 o
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o .
after a time‘warom the moment the flip~flop 8 of that funce
tional cell is reset, to the inpuf of the OR element and,
consequently, to the set input of the same flip~flop 8, who-

reby the latbter is set. The resultant code is this:
S e N e
o 0 I I I I

An inhibit potential is then applied to the devolution
inhibit inpubt 16, and the inhibit potential is removed from
the convolution inhibit input 15, As a one signal is applied
to the control input of the device, the given "golden" DPro-—
portion code is reduced to a minihal form in the manner des-—
cribed above, i,e.: :
. U[Z -LI iO &-—-I &—2({“—75

0 0 I

I I I
©O 0 I 0o I I

© 0 0 o0 I o
0O I 0-.0 0 o
o I o I o0 o

The resultant code combination coincides with the initial .
combination, which means that the code is reproduced correctly.
Thus if the probability of malfunctions of the I—=0 type is
much higher than thé brobability of malfunctions of the O0-—=T
type, the device of this invention can effectively correct er-
rors; in fact, it corrects all errors of the I—0 type. If
the opposite is true, the device can be used as an error de-

tector, .
- 27 - ‘
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The introduction into Ghe functional cell of Fig. 4 of
the OR element producing a delay with a value ofczhhakes it
possible to expand the functional bange of the device., This
device can transform the digital-pulse code of the “golden”
proportion degrees to the "golden" p-proportion code; it can
count pulses and giveé the result in a "golden" proportion
code; it can and up "golden! bropbrtion codes. ‘

 When transforming the digital-pulse code of any degree
of the "golden" proportion to the "golden" p-proportion code,

device transforms the sum tOt?lOCnﬂwLn—wa.-o +cﬁﬁ to the

"golden" proportion code. ) N times
With n = 0, the device transforms the sequence of unit-
ies\I + I + «seo + I to the "golden" propdrtion code,
N times .
To make it possible, it is necessary to apply an inhibit

potential to the devolubion inhibit input 16 and remove the

inhibit'potential from the convolution inhibit input 15, This .

is followed by successively applying short pulses to the
functional input‘25'of the functional cell I corresponding ‘
to the degreé of tﬁe golden proportion subject to transforma-
tion. The duration of these pulses is not to be greater than
the delay time L—of the OR delay element 24 and the number
of these pulses nust be equal.to‘a preselected number N. As a
short pulse arrives at the functional input 25 of a given
functional cell I, it appears, after the delayczf, at the re-
set input of the flip-flop 8. The delay is due to the OR

- 28 -
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element 20. After another delay of 2“[:'whioh is dwve to the
OR delay element 24 and flipmflap'setting OR element 19, the
pulse arrives at the set input of tnhe flipmflop 8. If at
this instént the flip-flop is in its one state, it is first
zeroed and after(jSs get again. As this takes place, a one
signal is produced atfthe devolubion signal output, i.e. at
the output of the gate 17 (at this momént the devolution
inhibit gate is turned on)} the one signél is further appli—
ed to the first devolution signal input 12 and the second de-
volution signal input 13 of the functional cells I of the
lower digits. The flip~flops 8 of these functional cells I
are set, If the flip-~flop 8 of the functional cell I corresp—
onding to the degree of the "golden" proportion subject to
-transformétion is reset, it is set after EFZZ‘After a certain
delay in relation to the count pulses, which delay is to be
long enough for the transient involved in the devolutbtion of
the "golden" proportionkode Yo come to an énd a control
signal nust be applled to the convolutlon control input of
the device, The duratlon of the conbtrol smgnal nust be suffi-
ciently long for the transient involved in the convolution of
the '"golden" proportion code to come to an .end.

To perform the operation of convolution, an inhibit po-
tential is applied to the devdslution inhibit input 16, while
an enable potential is applied bto the'convolution inhibit

input 15,

- 29 -
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Consider now the pulse count mode. At the start of the
operatibn, all the flip4flops 8 of the device are regetb.
There is'an inhibit poténtial:at the devolution inhibit in-
put 16 and an enable potential at the convolution inhibit
input 15, The first gount pulse is applied To the functional
input 25 of the functional cell I corresponding to the weight
L9 4o set the4flip—flop'8 of this functional cell I. The fol-
lowing code results:
J:E j:I'J:O ;L~Iw£72<£—5
' I= 0 0 I © 0 o
To perform convolution, one signals are applied to the
convolubion control inpﬁt of the device. The parameters of
these signals are dealt with above. ‘
| The second count pulse arrives via the flip—flop reset-—
ting OR element 20 to reset the flip~flop 8., As a resulbt, a
one signal is produced at the devolution signal output and
applied via the first devblution signal inpubt 12 and the
flip~flop resebting OR element 20 to the flip—flop 8 of the
functional cell I corresponding to the weight;ﬁfl. The £lip~
~flop 8 is set. The one signal is also applied via the sec-
~ond devolution signal input 13, the OR delay element 24 and
the flip~flop setting_OR element 19 to the f£lip~flop 8 of
the functional cell I corresponding to the weightcﬁ;g; this
f;iy—flop 8, too, is set., The second count pulse also arrives
via the delay OR element 24 and the flip-flop sebbting OR ele-
ment 19 ét the set input of the flip-flop 8 of the functional

- 30 -
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cell I corresponding to the weight JO. The appearance of
this signal at the set input of the flip-flop 8 occurs after
a delay of 2CE: as compared with the time of its arrival at
the functional input 25; the flip~flop 8 is set. Thus the
second count pulse brings the device to this state:

B L g

2

As a convolution enable one pulse is applied to the con=
trol input of the device, the code convolution is performed
as described above; this means that the device is brought to
the following state:

2 I o f-1 -2 -3
2 = é' %‘ dL' (0] %% (0]
which is the minimal form of representation of the number 2 in
the "golden" code.

It is clearly seen that following the arrival of the third

and fourth count pulses, the states of the device are changed

like this:
L2 f1 fo L1 -2 {3
-0 I I O I O

3 = A1
I 0 0O 0 I 0
4 = I 0 I 0 I 0

The device according to the invention is to a great ex-
tent self-supervisory. Operation of the device invariably

results in a minimal "golden" proportion code. If a code is
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not reduced to a minimal form because of some fault in the
circuitry, the malfunction is detected at once by the presence
of a permanent one signal at the control output 23 of one of
the functional cells T. Let it be assumed that the output of
the conveolution AND element 10 of one of the functional cells
I is cut off. When this situation arises:

0] I T

a one signal applied to the control input of the device is not
followed by convolution. As a result, there is a permament one
signal at the control output 23 of the functional cell I in
question. Thus the convolution process is a self~supervisory

process.

Consider now the process of adding up numbers in the
"golden" p-proportion code carried out by a nine-digit device
similar to the six-digit device shown in Fig. 2.

The device performs the functions of a sequential-type
adder-accumulator. This is done as follows. Suppose the
operation of 4 + 4 has to be performed in the "golden" code.
For this purpose, the "golden" code of the first summand is
entered in the device:

4 .3 .2 I .0 ;-1 (-2 —3J—4'
ISV S
O I (0] I O I 0] 0]
after which each of the units digits must be applied to the
respective functional inputs 25 of the device. If the addi-

tion is carried out from the lower digits side, the process is

as follows:
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I) as a one signal of the second digit is applied:

- 4 3 2 (I o - -2 (=5 =4
N G G G Gt R G
0 0 I 0 I 0 I 0 0
+ addition
0 0 0 0 0 0 I 0 O‘%

0 0 I 0 I 0 I I I

o 0o.I o0 I I O O I

0 0 I I 0 0 0 O I reducing code
i ‘i l o minimal
- form :

0 I O 0] 0 O 0] 0 I

2) as a one signal of the fourth digit is applied:

fE B w2 T (0 =T =2 -3 =k
e I

oy addition
0 0 0 0 I 0 0 0 0

0 I .O -0 I 0 ‘O O I
3) as a one signal of the sixth digit is applied:
vizp J~\5 LE 0[1 io _[-I —2i—5£~74
0 I 0 0 I 0] fg

0 I
+ addition
0 Q I 0 0 0 0 0] 0

to minimal
I 0. 0 0 I 0 O 0 I £ orm

0 I I O I 0 O © I } reducing code
The addition is over.
It can easily be inferred from the above that the devi-
ce according to the invention for reducing irrational-base

codes to a minimal form features a higher reliability and a
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broader functional range than the prototype. It can be used
as the basic unit of systems operating with Fibonacci p-codes
and "golden" proportion codes. It can be used as a principal
component around which all the basic units of a self-super-
visory digit instrument can be built. Thus the major practical
value of the present invention is an increased accuracy and
reliability of digital instrumentation operating with
irrational-base codes.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
03 PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:
1. A device for reducing irrafionalnbase codes to a
minimal form, comprising:
M identical functional cells;
an l-th, (1-I)~th, (i~p-I)-th, (l+I)-th and (lL+p+I)-
—~th functional cells of said "“n" funcbtional cells;
a functional cell corresponding to the lower digits
said l-th functional cell including at least:
an information input intended for entering code infor-
mation, and an information outpubt intended for reading oub
code information; : !
a first convolution information input and a second con-
volution information input intended +to receive information
on the state of said (1-I)-th and (l-p-I)-th functional cells
and connected to said information inpubts of these functional
cells; v
a convolution signal output whereat a convolution signal
is formed if the condition for the'convolution of the code
digits for said l-th functiomal cell is satisfiedy
a convolution set input intended to receive a signal
which resets said»i-th functional cell, and connected to
said convolutbtion signal oubtput of said (l+p+I);th functional
cell; _
a convolution control input intended to receive a signal

which enablés convolution to said l-th functional cell;
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‘an inversion signal input intended to receive a signal
which re&erses the state of said l-th functional cell;

said inversion signal input of said l-th functional
.cell being connected to said information oatput of said
(1-I)~th functional cell, where n is the digit capacity of
the code, 1 = I, 2, evsy, (n~I), and p = I.

2. A device as claimed in claim 1, wherein sald irra-
tional-base codes are the Fibonacci p~code and the "golden"
p-proportion code, and each said functional cell, beginning
with 1 = I, includes:

a flipl%lop.intanded to record and store information on
the 1-th digit of the code and having a count input, a set
input and a resgt input which are respectively connected to
said inversion signal input, information input and convolu-
tioh seb input of said 1-th functional cell; |

said flip-flop bhaving a direct output and an inverting
outpub; |

said direct output of said flip-flop being said infor-
mation output of said 1-th functional cellj; ‘

a convolubtion AND element having four inputs and an
oubpub;

said convolution AND element being intended o evaluate
the possibility of performing the operation of convolution
of the (1~I)~th and (1-p-I)~th code digits to the l-th digit
and forming at its output a one signal which resets said
flip-flop of said (1-p-I)~th functional cell if the convolu-

Hion condition is satisfied;
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said first, second, third and foﬁrth inputs of said
convolution AND element being respectively connected to said
inverting output of said flip-flop, said first and.second
convolubtion information inputs and said convolution control
input of said l;th functional cell;

" said functional, cell, corresponding to the lower digit,
being a flip-~-flope.

3. A device as cléimed in claim 1, wherein said 1-th
functional cell further includes:

a first devolution signal input and a second devolubion
signal input intended to receive signals which point to the
necessity of performing the operation of devolution of the
(L+I)~th and (l+p+I)~th code digits to the l-th digit;

a reset signal input intended to receive a signal which
resets said f£lip-flop of said l-th functional cellj A

a. convolution inhibit signal input intended to receive
a signal which inhibits the operation of convolubtion;

a devolution inhibit sipgnal input intended tq receive a
signal which inhibits the operation of devolutionj

said convolubtion inhibit signal inputs and said devolu-
tion inhibit.signal inputs of all of said functional cells
'being connected to two respective points which serve as a
convolution inhibit signalfinput and a devolution inhibit
signal input, respectively, of the devices;

a devolubion signal output whereat a devolution signal

is formed when zero value of the l-th code digit is entered
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in said 1-th functional cell, said devolution signal output
being connected to said devolution signal inputs of said
(1-I)~th and (1-p-I)-th functional cells.

4. A device as claimed in claim 3, wherein said irratio-
nal-base codes are the Fibonacci p-code and the "golden" p-—
-proportion code and esach said l-th funotibnal cell includes:

a flip-flop intended ﬁo record and store information on
the l-th code digit and having a count input, a set input and
a reset lnput respectively connected to said inversion signal
input, information input and convolubion set input of said
l-th fuﬁctional cell; i .

a direct output of said flip-flop, which serves as sald
information output of said l-th functional cellj

-~ a convolution AND element having_four inputs and an oub-
put;

sald convolution AND element being intended to evaluate
the possibility'of performing the operation of convolution of
the‘(l-I)~th and (l~p-I)-th code digits to the l-th code dig-
it and to form at iés output a one signal which resets said
flip-flop of_said (l—pr)-tp functional cell if the convolu-
tion condition is satisfied;

said'first, second, third and fourth inputs of said con-
volution AND element being respegtively connected to. said in-
verting output of said flip-flop, said first and second convo-
lution information inputs and said convolution control input

of said 1l-th functional call;
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a devolution inhibdit gate having a first input, a se-
cond input and an oubtpubt and intended to block the passage
of a signal from said inverting oubtput of said flip-flop to
its output which is the devolubtion signal oubtput of said
1-th functional cells

‘ said first input of said devolutbtion inhibit gate being
connected to said injerting oubput of said flip-flop;

said second input of said devolubion inhibit gate being
the devolution inhibit signal input of said l-th functional
cells; ‘ '

a convolubtion inhibit gate intended to control the con-
volution inﬁibit signal and having an output connected to
said count input of said flipuflop; as well as a first inpub
which is said convolubtion inhibit signal input, and a second
input which is said inversion signal ianput of said l-th func-
“tlonal cells;

a flip~flop setbting OR element having an output connect-
ed to said set input of said flip-flop, and three inpubts wher-
eof the first and second inputs are the respective devolution
signal inputs of said 1l—-th functional cell;

said flip-flop setting OR element being intended Lo pass
a devolution signal which sets said £lip—flop;

sald set inpub of said flip-flop being connegcted to séid
information input via said flip-flop setbting OR element;

a flip-flop resetting OR element haviné a first input,
~secoﬁd input and an output connected to said reset input of

said flip-flop:
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said first and second inputs of said flip-flop resett-
ing OR element being said reset signal input and said convo-
lution set input, respectively, of said l-~th functional cellj;
. said flip-flop resetting OR elesment being intended to
apply a reset signal To sald reset input of said flip-flop,

5. A device as claimed in c¢laim 3%, wherein each said
1-th functional cell includes a control oubtput intended to
. form a convolution error signal in case one signals are si-
multaneously observed at said information output and said
first convolution input of said l-th functional cell,

6. A device as claimed in claim 4, wherein the irratio-
nal-base code is the '"golden" p-proportion code and each
said l-th functional cell, beginning with 1 = 2, includes a
functional input intended to recéive signals which enable
pulse count and addition operations: ' ‘

said 1l-th functional cell including an OR delay element
intended to delay devolution signals applied thereby to said
seb input.of said flip-flop, and having a first input, a se-
cond input and an oubtput; . |

said flip—flop resetting OR element having two additio-
nal inputbtss;

said output of said OR delay elemenﬁ being connected to
said second input of said flip-flop setting OR element;

said first input of said OR delay element being connect-—
ed to said fgnctional input and said third input of said

flip~flop resetting OR element;
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said second input of said OR delay element being conn-
ected to said second Qevolution signal inpub and said fourth
input of said flip-flop resetting OR elemeﬁt.

7. A device as claimed in claim 5, wherein sach said
1-th functional cell includes an AND check element intended
to check the correctness of convolubion;

said AND check element having an oubtput which ig said
control oubput of said i—th functional cell, and a first in—
put‘and a second input, whereof the first is comnmected to
said direct output of said flip-flop, while the second is
connected to said first convolution signal inpubt of said l-th
fTunctional cell; .

saild AND check element being intended to form a one
signal at its outpubt in case of a temporary presence of one
signals at said direct output of said flip-flop and said
first convolution signal input,

8, A device as claimed in claim 7, wherein the irratio-
nal—base code is the "golden" p-proportion code and each said
1-th functional cell, beginning with 1 = 2, includes a func-
tional input intended to receive signals which enable the
pulse count and addition operations;

said 1l-th functional cell including an OR delay element
intended to delay devolutioﬁ signals aﬁplied thereby Yo said
set input of said flip-flop, and haviﬁg a first input, a se-
cond input and an oubtpub;

said flip~-flop resetting OR element having two addition~

al inputs;

b1
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- said output of said OR delay element being connected
to said second ini)ut of said flip-flop setting OR element;
said first input of said OR delay element being conne-
cted to said functional inpub and said third input of said
flip—flop resetting OR element;
said second ianput of‘said OR delay element being conne-—
cted to said second devolution signal input and said fourth

input of said flip~flop resebtting OR element.
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