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(54 IMPROVED CIPHERING MACHINE

(71)  We, AB TRANSVERTEX, a Swedish
Joint Stock Sompany, of Fittja Industriom-
rade, Varby, Sweden, do hereby declare the
invention, for which we pray that a patent
may be granted to us, and the method by
which it is to be performed, to be par-
ticularly described in and by the following
statement: —

This invention relates to a ciphering ma-
chine for ciphering text in clear produced
in binary form by superimposing every text
in clear character signal with a variable
ciphering signal.

It is previously known to produce these
ciphering signals changed constantly for
every character by means of a set of toothed
wheels with a different number of teeth
(preferably a prime number) which are
mounted on the same shaft and are in
driving connection with respective separ-
ately movable toothed wheels having the
same number of teeth. At this second set
of toothed wheels every tooth represents a
binary bit, and the aligning teeth in the
entire set of toothed wheels define a charac-
ter formed by corresponding binary bits.
Said second set of toothed wheels, thus,
defines as many characters as there are
teeth along the wheel circumference. At
the beginning, the bits forming said charac-
ters are chosen at random. If the toothed
wheels of the first set (having a different
number of teeth) are stepped simultaneously
one tooth at a time, it is obvious that,
when the driving toothed wheel with the
lowest number of teeth has been stepped
through one entire revolution, the teeth then
aligning in the driven set of toothed wheels
will represent combinations of binary bits,
ie. characters, other than the original ones.
The combinations are changed additionally
when the drive wheel with the next to
lowest number of teeth has completed its
cycle, and so on. If, for example, the num-
bers of teeth of the drive wheels are prime
numbers, it is understood that the same
combinations (characters) as. the original
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ones will not be obtained unless the set of
drive wheels has been stepped a number of
steps which is equal to the product of the
respective number of teeth on the wheels
comprised in the set.

Ot the peripherally moving characters one
character is selected for every ciphering
operation, which character corresponds to
a row of aligning teeth, either along one
and the same reference line or with a sys-
tematic shifting between different lines in
order to render unauthorized deciphering
still more difficult.

"The ciphering character obtained (in form
of a signal) is superimposed to the simul-
taneously stepped character in clear so as
to form the ciphered character,

- The arrangement described above, how-
ever, involves several disadvantages.

From a purely ciphering point of view it
shows the restriction that the aforesaid
systematic change of characters in the peri-
pheral series of characters for purely prac-
tical reasons hardly can be carried out for
characters (tooth tows) other than such
located relatively closely. Consequently, the
possibilities of changing existing in reality
between the total of characters located along
all of the wheel circumference is utilized
only to a small fraction.

According to this invention there is pro-
vided in a ciphering machine for ciphering
text in clear produced in binary form, by
superposing every text-in-clear character
signal with a variable ciphering signal, com-
prising a plurality of electric devices stepped
in parallel, said devices each having a
different and repetitive operative cycle and
forming an array of parallel rows of a
different number of bistable flip-flops, the
initial states of which are set according fo
an arbifrary scheme so that the states of
flip-flops stepped in parallel define together,
in every flip-flop column of said array, a
ciphering character, whereby said column
characters automatically change their bit
composition every time a row of flip-flops
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has completed a cycle and starts a new one;
the improvements comprising means, I€s-
ponsive to the present contents of a flip-flop
column in a pre-selected reference posi-
tion, to select, at each ciphering moment or
step, at least one of the remaining flip-flop
columns in the flipflop array, as deter-
mined by said contents, and to transfer the
signals corresponding to the states of the
selected flip-flops to an adding device for
producing said ciphering signal which is
to be superposed on the text-in-clear signal.

One embodiment of the invention is des-
cribed below with reference to the accom-
panying drawings wherein:

Figure 1 shows a basic diagram for a
ciphering machine according to the inven-
tion;

Figures 2 and 3 show wiring diagrams
for two examples, respectively, of character
selectors comprised in the machine; and

Figure 4 shows the wiring diagram for
a type of adding circuits also comprised in
the machine.

Figure 1 shows in this embodiment four
shift registers Sa, Sy, S; and Sa, each of which
comprises a chain of bistable flip-flops,
which here are shown merely schematically
as blocks.

The number of flip-flops varies from one
chain to another. The shift register S,, for
example, which is represented in the Figure
by the uppermost row of flip-flops, com-
prises thirteen flip-flops al—al3. The shift
register S, representing the second row com-
prises twelve flip-flops bl—b12, and in an
analogous manner the the shift registers S.
and S,, rtespectively, formed by the third
and fourth row of flip-flops comprise eleven
and ten flip-flops c1—c11 and d1—d10, res-
pectively.

In every chain the outlet of the one flip-
flop is connected in the usual way to the
inlet of the next following flip-flop, in such
a manner, that upon Stepping the register
one step the information n every flip-flop
in said chain is shifted forward one step.
In the Figure also is shown the last flip-
flop in every chain connected to the first
flipflop in the same chain in order to
form a closed step cycle.

From the beginning, all of the flip-flops
are given, for example by punched cards,
conditions preferably chosen at random.
For the sake of clearness, however, the
arrangement for this feed of information
has not been included in the Figure, nor
are the usual drive circuits for the shift-
ings shown.

- The registers are intended to be stepped
in parallel, iec. the information bits in the
first column k1 of fiip-flops al, bl, cl and
dl are transferred to the flip-flops a2—d2
of the second column k2, and the contents
of the latter is transferred to the flip-flops

a3—d3 of the third column, and so forth.
Every flip-flop column defines a character,
which in this case comprises four bits.
Owing to the difference in length of the
cycles of the shift registers the bits fed in
from the beginning into, for example, the
first column k1 will be stepped unchanged
to the “last” flip-flop d10 of the register
S, corresponding to column k10. At a
further parallel stepping the shift register
S, starts a new cycle with the beginning
in k1 where the original bit in the flip-
flop dl returns, but the remaining bits
in k1 are replaced by the bits in the flip-
flops al3, b2 and cll, respectively, said
bits being originally present in flip-flops a4,
b3 and ¢2 of the registers S;—S.. At the
next stepping the register S, starts a new
cycle with the beginning in k1, which now
in addition to the original bit in the flip-
flop cl includes the new bits from al3,
b12 and d10. This cycle is repeated in an
analogous manner for the remaining registers
S, and S,. It is understood that the original
combinations do not appear again unless
a number of steps equal to the product of
the step number of the four shift registers
have been stepped.

In the following the arrangement is des-
cribed which is used for selecting the
character, ie. the bit combination in a
column, to be utilized for ciphering a charac-
ter in clear in the form of a pulse fed simul-
taneously with the stepping of the shift
registers.

For this purpose a number of character
selectors are provided, in this case four in
number, viz. T1, T2, T3 and T4. Every
character selector has four pairs of inlets
i1—id, which are connected in parallel with
the corresponding inlets of the other
character selectors and adapted to be con-
nected to four pairs of flip-flop outlets of an
arbitrary column via a switch (system
selector) V not described in detail. In the
following argumentation the selectors are
assumed, as indicated in the Figure, to be
connected to the flip-flops al—dl, respec-
tively, of the column k1 via conductor pairs
L1—IA.

The outlets Ul—U4, respectively, of
every character selector T1, T2, T3 and T4
are connected to the one inlet of—in this
case two—AND-gates O1 and O5, and O2,
06; 03, 07; and 04, 08, respectively. The
other inlet of every gate O1—O8 is con-
nected to the outlet of an adding circuit
A1—A8, which like the character selector
has four pairs of inlets, each pair being
connected  to the respective four flip-
flop outlet pairs of its column via the
switch V. In the embodiment shown the
switch is assumed so to be set that the adding
circuits A1—A8 are connected to the flip-
flop columns k2—k9 straight_above them in
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the Figure. The outlets gl—g8, respectively,
of the gates O1—O8 are all connected (but
for the sake of clarity shown only for the
outlet g8) to a first inlet 6v on a final adding
circuit SA, to the other inlet kI of which a
binary coded signal in clear is fed in a
way not described in detail synchronously
with the stepping of the shift registers
S1—S4. From the outlet ch of the adding
circuit SA then the signal is taken out
which is superimposed with the character
content of the column in question, ie. the
ciphered signal.

Before describing the mode of operation
of the above arrangement, it briefly shall
be dealt with the construction of the

-character selectors T1—T4 and adding cir-

cuits Al—AS8, with reference to Figures
2—4 showing embodiments of the con-
struction of these arrangements. As appears
from Figures 2 and 3 the character selec-
tors T1 and T2 are built up of the same
components, ie. AND-gates G1-—G5, but
the internal connections are made different
in order to give every character selector its
own special nature. In Figure 2, thus, the
gate pairs G1, G2 and G3, G4 are shown
connected in like manner with respect to
the respective inlet pairs i1, i2; i3, i4, in
that in both of the gate pairs G1, G2:
G3, G4 the “0”-conductor in the left-hand

inlet pair il and i3, respectively, extends to
the “1”-inlet on the right-hand gate G2 and
G4, respectively, in the pair, and the “1”-
conductor in the right-hand inlet i2 and
i4, respectively, extends to the “0”-inlet
on the left-hand gate G1 and G3, res-
pectively, in the pair. In Figure 3 the rela-
tion is the same as regards the left-hand
gate pair GI, G2 while at the right-hand
gate pair G3, G4 the “0”conductor in the
left-hand inlet pair i3 extends to the “07-
inlet on the right-hand gate G4, and the
-‘0”-conductor in the right-hand inlet pair
i4 extends to the “0”-inlet on the left-hand
gate G3.

By these two basic type connections re-
presented by the left-hand and right-hand
gate pair, which may be designated by A
and B, the connections of the two remain-
ing character selectors T3 and T4 are ob-
tained in that T3 is built up of a left-hand
part of B-type and a right-hand part of A-
type, and T4 is built up of a left-hand part
B and a right-hand part also of B-type.

A table of the build-up of the four
character selectors T1—T4 and the bit com-
binations (deductable from Figures 2 and 3)
at the inlets in i1—i4 causing out-signal from
{)h? character selector in question, is shown

elow.

Character

selector Construction Bit Combinations
T1 A+A 1111 1100 0011 0000
T2 A+B 1110 1101 0010 0001
T3 B+A 0111 0100 1000 1011
T4 B+B 0101 0110 1001 1010

Figure 4 shows the build-up of the add-
ing circuits A1—AS8 which are of mutually
entirely equal nature and built up in a
conventional way with unit circuits con-
nected to each other of the type as framed in
Figure 4. A more detailed description ap-
pears not necessary.

A simple example may illustrate the mode
of operation of the ciphering machine des-
cribed above.

It is assumed that in a certain moment
during the continued stepping of the field
of columns k1-—k9 in column k1 the bits
“0 10 0” are found in the respective flip-
flops al—dl. This character signal is fed
via respective conductor pairs L1—I4 to
the inlets il—i4 of all character selectors
T1—T4. Hereby only the character selector
T3 (according to the Table above) gives
an out-signal to associated AND-gates O3
and O7. At the second inlets of these gates—
as at the second inlets of all remaining gates
—a signal is available by assistance of the

adding circuit A3 (A7, respectively) which
represents the total of the character bits
in column k4 (and column k7). These bits
are, for example, assumed to be “ 11 0 17
(and “0 0 1 1”). The total of these bits
then is “1” (“0”, respectively). As the
out-signal of the character selector opens
gate O3 (O7, respectively), this *“17-signal
(“0”-signal, respectively) passes through

35

45

50

55

60

95

to the inlet on the final adding circuit SA 100

in order there to be superimposed on the
text-in-clear signal from the input kI arriv-
ing at the same time. (The “0-signal
possibly can be used as a second superim-
posing pulse). -

At the next stepping of the shift registers
a character selector determined by the new
bit combination in the flip-flop column k1
will open the passage for a new signal from

105

a corresponding column, and so on. For 110

every new stepping, thus, a “jump” forward
or back of the practically always entirely
available field of all information in the
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flip-flop chains of the different shift regi-
sters is obtained. This renders possible a
many times greater utilization of the total
of character variations in the information
field than it is possible at the mechanic
designs of ciphering machines.

The fact that in the example shown only
four character selectors are required to-
gether with the four flip-flops in every
column, has its reason in the circumstance
that both the character itself and its pole
switching are allowed to act upon the
character selectors of the embodiment
shown.

In like manner as at the known ciphering

arrangements operating with binary code,
the deciphering is carried out simply by
superimposing the ciphered signal pulses
with the same series of pulses as used at
the ciphering operation. Owing to the special
nature of the binary system, the text in
clear is restored. .

The invention is not restricted to the
embodiment described above, but various
modifications thereof can be imagined, par-
ticularly with respect to the number of shift
registers and the relation between their
cycles.

The invention in principle is not bound
to the use of shift registers, but also other
electric arrangements with cyclic operations
can be imagined, such as binary counters
with associated logic circuits. =

The application field of the machine,
furthermore, can be widened to a large ex-
tent by making the cycles of the electric
arrangements in question adjustable.

WHAT WE CLAIM IS:—

1. In a ciphering machine for ciphering
text in clear produced in binary form, by
superposing every text-in-clear character
signal with a variable ciphering signal, com-
prising a plurality of electric devices stepped
in parallel, said devices each having a differ-
ent and repetitive operative cycle and
forming an array of parallel rows of a differ-
ent number of bistable flip-flops, the initial
states of which are set according fo an
arbitrary scheme so that the states of flip-
flops stepped in parallel define together, in
every flip-flop column of said array., a
ciphering character, whereby said column
characters automatically change their bit
composition every time a row of flip-flops
has completed a cycle and starts a new one;
the improvements comprising means, Ie-

sponsive to the present contents of a flip-flop
column in a pre-selected reference position,
to select, at each ciphering moment or step,
at least one of the remaining flip-flop
columns in the flipflop array, as deter-
mined by said contents, and to transfer the
signals corresponding to the states of the
selected flip-flops to an adding device for
producing said ciphering signal which is to
be superposed on the text-in-clear signal.

2. "A machine according to claim 1,
wherein the means for selecting at least
one certain flip-flop column comprises a
plurality of character selectors individually
associated with a different one of said re-
maining flip-flop columns, and each of said
character selectors having a plurality of
inputs of the same pumber as that of the
flip-flop rows, the inputs of all of said
character selectors being connected in paral-
lel to the corresponding outputs of the flip-
flops in the column of said reference posi-
tion, and each of said character selectors
having output connected to one input of an
AND gate, the second input of which is
connected to the output of an adding circuit,
said adding circuits having their respective
inputs connected with the outputs of the flip-
flops in the associated columns such, that
for a certain character in said reference posi-
tion column only one character selector is
activated to supply an output signal to its
AND gate, at the second input of which
the output signal from its adding circuit is
always present, for effecting an output sig-
nal from said AND gate, representing said
ciphering signal.

3. A machine according to claim 2,
wherein each of the character selectors com-
prises a system of AND gates having its
respective input connected to the output of
the flipflop of said reference position
column in such a manner that an output
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signal from the gate system is obtained only 100

in response to certain definite characters in
said reference column.

4. A machine according to claim 2,
wherein a switch is placed between the

outputs of the flip-flop columns and the 105

associated adding circuits for enabling shift-
ing of the connections between said flip-flop
columns and the character selectors.

MARKS & CLERK,
Chartered Patent Agents,
Agents for the Applicants.

Printed for Her Majesty’s Stationery Office by Burgess & Son (Abingdon), Ltd.—1971L.
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