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57 ABSTRACT 

Pseudo-random pulse or number sequences having a 
specified probability distribution are generated from 
other electrical signals having some other probability 
distribution in a way including transforming those sig 
nals to produce further signals directly or indirectly 
representing pulses or numbers in the desired probabil 
ity distribution. The invention provides a generator for 
the initial probability distribution that is based on two 
chain-code generators with outputs taken jointly by ex 
clusive-OR gating. 

14 Claims, 6 Drawing Figures 
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GENERATING PSEUDO-RANDOM SEQUENCES 
BACKGROUND OF THE INVENTION 

This invention relates to apparatus for generating 
pseudo-random pulse sequences which represent 
events with the intervals between them distributed ac 
cording to a specified probability distribution function 
and/or sequences of pseudo-random numbers distrib 
uted according to a specified probability distribution 
function. 

It is known to amplify and shape the output of a ther 
mal noise source, such as a temperature limited diode, 
to produce a train of pulses in which the intervals be 
tween pulses follow a random distribution. Such a train 
of pulses may be applied to a counter, the registration 
of which is read out at fixed intervals. The numbers 
read out in this way may have a random distribution. 
This type of generator suffers from disadvantages that 
the sequences are not repeatable at will, and that the 
performance is unduly sensitive to changes in operating 
conditions, such as ambient temperature and power 
supply voltages. 
The above mentioned disadvantages can be avoided 

by the use of so-called “chain code generators.' These 
consist essentially of a cyclic storage device, such as a 
ring connected shift register, in which the input signal 
to the device at any time is determined by the logical 
combination of the output signal and the signal present 
in one, or more intermediate positions of the device. 
Appropriate choice of the stages and the logical opera 
tions will cause the device to generate a pulse sequence 
which repeats only after a known interval and has a 
random distribution over this interval. Such a generator 
is referred to for convenience as a pseudo-random gen 
erator. 
Pseudo-random numbers may be generated by the 

use of an appropriate program on a general purpose 
computer. In general, such programs start with a given 
binary number and perform some fairly complex opera 
tions to form a new number, which is the first in the se 
ries of random numbers, The operations are then re 
peated on this number to generate the next number, 
and so on. The program may occupy a substantial 
amount of computer time if many random numbers 
have to be generated. 

It will be appreciated that the output of, say, a ther 
mal noise pulse source is a sequence of pulses in which 
the intervals between successive pulses are distributed 
according to a particular probability distribution. Thus 
the number of intervals of a particular duration which 
occur during a sufficiently long operating period of the 
source will conform approximately to that predicted by 
the particular probability distribution. Since the source 
of pulses is an analogue device, the distribution of the 
intervals is a continuous function. In the case of a digi 
tal device, such as a chain code generator, the distribu 
tion of the intervals is not a continuous function be 
cause the intervals can only be equal to, or a multiple 
of, the clock pulse interval. Nevertheless, the distribu 
tion of the intervals can conform to a satisfactory de 
gree of approximation to the theoretical continuous 
distribution. Pulse sources in which the intervals be 
tween successive pulses conform to a particular proba 
bility distribution are used, for example, in the solution 
of problems concerned with the theory of queues. 

If such a train of pseudo-random pulses is applied to 
a counter which is read out at fixed intervals, the values 
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2 
read out are dependent upon the number of pulses 
which have occurred during the corresponding inter 
vals. It can be shown that the distribution of these val 
ues approximates to a random probability function. 
Such sequences of pseudo-random numbers may be 
used, for example, in the solutions of problems by the 
Monte Carlo method. 

SUMMARY OF THE INVENTION 

Broadly the invention contemplates generating an 
electrical signal successively representative of a first 
probability function, and operating on or using that 
electrical signal to produce another electrical signal 
successively representing or permitting derivation of a 
specified probability function. Apparatus for generat 
ing pseudo-random pulse sequences with a specified 
probability distribution of the intervals between succes 
sive pulses may include first means for providing a 
pseudo-random pulse sequence with a first probability 
distribution of pulse intervals, second means for con 
verting the pulse intervals into a first electrical signal 
successively representative of the intervals, third means 
for transforming the first electrical signal related to the 
first probability distribution into a second electrical sig 
nal related to the specified probability distribution, and 
fourth means for utilising the second electrical signal to 
produce a sequence of pulses with the intervals con 
forming to said specified probability distribution, and 
wherein the first means comprises two chain code gen 
erators with at least one signal from each chain code 
generator connected to a half-adder for providing said 
first pulse sequence. 
Apparatus for generating sequences of pseudo 

random numbers with a specified probability distribu 
tion may include a uniform pseudo-random number 
generator comprising two chain code generators each 
utilising a multistage register with outputs from se 
lected pairs of stages one from each generator being 
connected to distinct half adders, respectively, to pro 
vide first electrical signals representative of digits of 
uniform pseudo-random numbers, and means for trans 
forming the first electrical signal into a second electri 
cal signal which is representative of a sequence of num 
bers with said specified probability distribution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described by way of exam 
ple, with reference to the accompanying drawings, in 
which: 
FIG. 1 is a block diagram illustrating the generation 

of pseudo-random pulse sequences with a desired prob 
ability distribution from an initial pulse sequence of dif 
ferent distribution; 
FIG. 2 is a block schematic drawing of a system for 

generating a sequence of pseudo-random numbers with 
a binomial distribution; 

FIG. 3 is a block diagram of a generator of this inven 
tion for generating a sequence of pseudo-random num 
bers with a uniform distribution, and a Bernoulli trials 
generator; 

FIG. 4 is a block schematic drawing of a system for 
generating a geometric or a negative exponential distri 
bution; 
FIG. 5 is a block schematic drawing of a system for 

generating an Erlang or a negative binomial distribu 
tion; and 
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FIG. 6 is a block schematic drawing of a system for 
generating sequences of pulses with intervals between 
pulses distributed according to 

a, a normal distribution 
b, a specified skew distribution 

DESCRIPTION OF THE PREFERREED 
EVBODEMENTS 

The time interval between successive pulses in a ran 
dom sequence of pulses is the random variable which 
determines the distribution. Embodiments of the inven 
tion are used in systems for the generation of new dis 
tributions by operating in a predetermined way on the 
time intervals of a uniform pseudo-random distribu 
tion. A basis for these systems is illustrated in FIG. E. 
A pseudo-random pulse generator 30 provides a se 

quence of pulses of constant amplitude with successive 
puses being separated by intervals which conform to a 
uniform probability distribution as will be described for 
FIG. 3. The generator 30 is based on chaincode genera 
tors. Several such chain-code generators are described 
in two articles by M.G. Hartley, published in Proc. 
I.E.E. Vol. 1 16 No. 1 and entitled “Development, de 
sign and test procedures for random generators using 
chaincodes' and “Evaluation of performance of ran 
don generators employing chaincodes.' 
The pulse sequence from the generator 30 is fed to 

a signal conversion unit 31, the output of which con 
sists of a sequence of signals with the same interval dis 
tribution and with successive values in a distribution 
corresponding to the gap distribution. This new se 
quence of signals is fed to a signal transformation unit 
32 which modifies the signal value distribution in 
acordance with a specified transformation function. 
Thus, the output from unit 32 is a signal value sequence 
with the same interval distribution but a modified am 
plitude distribution. 
The modified signal sequence is fed to a buffer store 

33 the output of which is fed to a voltage to signal con 
version unit 34. The output on line 35 consists of a se 
quence of pulses, the intervals between the successive 
pulses being determined by the modified signal value 
istribution, which was produced by unit 32. Hence, by 

using an appropriate transformation function for unit 
32, a specified distribution of the pulse intervals of the 
output sequence may be secured. The buffer 33 insures 
that a signal value from unit 32 cannot pass to unit 34 
before it has completed conversion of the previous sig 
na value. 
The functions provided by the units 31, 32 and 34 

may be provided by circuits which operate on an ana 
logue or a hybrid analogue/digital basis. Such circuits, 
as individual units, are well known in relation to pulse 
code modulation systems in which pulse intervals are 
converted to corresponding amplitudes and vice-versa. 
However, in order to provide uniformity and repeat 
ability of operation, it is preferred to use digital opera 
tion throughout. 
Specific digital arrangements for generating certain 

distributions will now be described as examples. In 
order to relate these examples to the generalised form 
of FG, A, it should be realised that it may be more con 
venient to represent the signal values as numbers. Fur 
thermore, signals successively representing a sequence 
of pseudo-random numbers may be generated directly 
without starting from a single specific randon interval 
pulse sequence, but, rather, with a plurality of such se 
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4. 
quences one for each digit as will be described for FIG. 
3, thus effectively combining the units 30 and 31. Then, 
the transformation of unit 32 may be performed wholly 
or partly during a conversion to a pulse sequence with 
further transformation, if required, during subsequent 
reverse type conversion. In this way the functions of the 
units 3i and 32 may be merged. For example, if a 
counter counts clock pulses in the intervals between 
pulses of a pseudo-random sequence and is read out 
each time a pulse occurs, the signal values correspond 
ing to numbers which are read out represent the pulse 
intervals. Furthermore, if the counter is so arranged 
that, for example, the clock pulses are subtracted from 
a preset value, then a transformation of the equivalent 
number has also been performed. 
The arrangement shown in FIG. 2 generates a psue 

do-random number sequence with a binomial distribu 
tion. A clock pulse generator provides a train of regu 
larly spaced timing pulses on line 2. The output of the 
clock generator drives a pseudo-random numbergen 
erator 3, the output of which consists of a sequence of 
binary numbers with a pseudo-random uniform distri 
bution. One particular form of generator is shown in 
more detail in FIG. 3. However, any form of generator 
may be used which is capable of producing sequences 
of numbers with a uniform distribution and a suffi 
ciently long period. 
The random numbers provided by the number gener 

ator 3 are fed to a comparator 4, which is set to com 
pare each number with a predetermined value and to 
provide an output pulse on the occurrence of a clock 
pulse if the random number is equal to, or less than, the 
predetermined value. The probability, p, of a pulse 
being generated any particular comparison is (f-- 1)/G, 
where f is the value preset on the comparator 4, and G 
is the maximum number from the generator 3. The bi 
nomial distribution is described by: 

(y) 
p (ic; y) = (k) plc (1-p) vik 

Where p(ky) is the probability of having k successes in 
y trials, when the probability of success is p. 
The probability p is represented by the random pulse 

sequence produced by the comparator 4. This pulsese 
quence is fed to the input of a counter 5. The clock 
pulses on the line 2 are fed to the input of a counter 6, 
which may be set to count any desired number of 
pulses. This number corresponds to the selected value 
of y. When this number of pulses has been counted, an 
output pulse is produced by the counter. This pulse is 
applied to AND gate 7 which is also controlled by the 
stages of the counter 5. The counter output pulse al 
lows the AND gate 7 to pass to output line 8 signals 
representing the current setting of the counter 5, that 
is, the number of random pulses the comparator 4 
which have been received by the counter 5 during one 
counting cycle of the counter 6. The counter output 
signal is also applied to the counter 5, through a signal 
delay element 9, to reset the counter to zero immedi 
ately after the current value has been read out on the 
line 8. Thus, the values read out on the line 8 represent 
values of k for the particular chosen values of p and y. 
The values of p and y required for different binomial 
distributions are selected by appropriate setting of the 
predetermined value in the comparator 4 and the maxi 
mum permitted count of the counter 6. 
The ANED gate 7 and delay element 9 may be re 

placed in any desired way. For example, the output of 
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the counter 6 may be used to operate inhibit gates in 
the inputs to the counters 5 and 6 and also to signal 
control logic for signalling a buffer to accept output 
from the counter 5. When this has occurred the control 
logic produces a pulse for resetting the counters 5 and 
6 and disabling the inhibit gates on the counter inputs. 
A portion of FIG. 2 which is enclosed in dotted lines 

is shown in more detail in FIG. 3. The clock pulses on 
line 2 are applied as shift pulses to two registers 10 and 
11. The register 10 has 33 stages 10(1) to 10(33), re 
spectively. The register 11 has 25 stages 11(1) to 
11(25), respectively. 
The output from the last stage 10(33) of register 10 

is applied to one input of a half adder 12, which also re 
ceives an input from stage 10(13). The output of the 
half adder is applied to the input of stage 10(1). Simi 
larly, the outputs of stages 11(3) and 11(25) control a 
half adder 13, the output of which is applied to the 
stage 11(1). Each of these shift register arrangements 
constitutes a chain-code generator. 
Selected pairs of stages of the registers 10 and 11, re 

spectively, are connected to individual half adders, the 
outputs of which constitute individual random pulse se 
quences and are applied to individual stages of a regis 
ter 14. For the sake of clarity, the connections for two 
pairs of stages only are shown, namely, stages 10(14) 
and 11 (15) through half adder 15 to stage 14(1) and 
stages 10(1) and 11 (25) through half adder 16 to stage 
14(8). The interconnection pattern of the stages of the 
three registers is set out below: 
Register 14 Stage Register 10 Stage Register 11 Stage 

1 14 15 
2 26 5 
3 32 2 
4 8 9 
5 28 4. 
6 23 8 
7 18 10 
8 25 
9 33 
10 5 2 
1. 22 9. 
12 30 3 
3 24 7 
14 4. 22 
15 1 16 
16 5 3 
7 7 1 
8 9 18 
19 10 17 
20 7 20 
2 3 23 
22 25 6 
23 6 12 
24 2 24 

The two registers 10 and 11 form two chaincode gen 
erators and the general mode of operation of the device 
in setting the register 14 with a 24 bit binary pattern 
each time a clock pulse is applied to the two registers 
will be understood readily from the articles by Hartley, 
which have been referred to above. The particular 
listed set of interconnections between the stages has 
been found to give a sequence of twenty-four bit pseu 
do-random of high quality, that is the sequence is sub 
stantially random over the full cycle of approximately 
25 numbers. Any desired part of the sequence may be 
reproduced at will by initially setting the stages of the 
registers 10 and 11 to the approrpiate starting condi 
tion. 

It will be understood that other interconnection pat 
terns may be used provided that the sequences pro 
duced by the different interconnections are statistically 
independent. For example, it would not be satisfactory 
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6 
to connect the stages in ordered pairs 0(1) and 11(1), 
10(2) and 11(2) and so on. Furthermore, the lengths 
and the numbers of the chaincode registers may be var 
ied. 
The individual stages of the register 14 are connected 

to a conventional multi-digit comparison network 15, 
which is also connected to corresponding stages of a 
register 26. Any desired value may be set in the register 
26 by applying suitable signals over input line 17. The 
clock pulses on line 2 are fed to the comparison net 
work 15 to strobe the state of the network so that, for 
example, output line 18 assumes a zero condition if the 
value in the register 14 is greater than the value in the 
register 16 and assumes a one condition if the converse 
OCCS. 

The arrangement of FIG. 2 may also provide a close 
approximation to a Poisson distribution by setting the 
comparator to provide a value for p which is equal to 
the mean of the Poisson process and is very small com 
pared with unity. The counter 6 is set to count that 
number of clock pulses which occur in the desired time 
interval of the Poisson process, and the readout from 
the counter 5 provides the value of the random vari 
able. 
The modification shown in FIG. 4 provides for the 

generation of geometric and negative exponential dis 
tributions. The geometric distribution describes the dis 
tribution of the intervals between the pulses produced 
by the comparator 4 and is given by the formula: 

p (h) s p (1-p) * 
where 
p is the probability of success, and 
k is the number of failures between one success and 

the next. 
Corresponding elements in FIG. 2 and 4 are similarly 

referenced. 
The clock pulses online are counted by a counter 19. 

Each time the comparator 4 produces a pulse the cur 
rent value in the counter 19 is readout via AND gate 
20 on output line 21, in a similar manner to the reading 
out of counter 5 of FIG. 2. The comparator output 
pulse is also applied to the counter 19 via delay element 
22 to reset the counter to zero. It will be apparent that 
the readout and reset operation must be completed in 
the interval between two successive clock pulses to 
avoid errors in the counting. Thus, the values readout 
on the line 21 represent the value k. 
A negative exponential distribution describes the dis 

tribution of the intervals between the successive events 
of a Poisson process. Hence, if the comparator is set to 
operate in the Poisson mode as described in connection 
with FIG. 2, the readout on the line 21 represents the 
value of the random variable expressed in terms of the 
interval between successive clock pulses. 

Instead of using the AND gate 20 and delay element 
22, the output of the counter 19 may be taken by a 
buffer when signalled by control logic in response to 
the output of the comparator 4 indicating that a ran 
dom number is available in the counter 19. In this case 
the output of the comparator also serves to operate an 
inhibit gate in the output of the clock generator 1. A 
strobe pulse from the control logic indicating that the 
buffer can take the counter output controls such trans 
fer resetting of the counter and disabling of the inhibit 
gate. 
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Pascal and Erlang distributions correspond to the 
geometric and negative exponential distributions, ex 
cept that the intervals are between an event and the kth 
subsequent event, instead of between successive 
events. Hence, these two former distributions may be 
generated by modifying the arrangement of FIG. 4 by 
the inclusion of a counter 23, as shown in FIG. 5. The 
counter 23 is set to count the required value of k, so 
that the counter A9 is read out and reset after every kth 
pulse from the comparator, instead of after every pulse 
from the comparator. 
As with FIG. 4, the counter output may be via a 

buffer controlled by control logic responsive to the out 
put of the counter 23 which also serves to inhibit the 
clock output. 
The random variable in the case of the negative expo 

nential, Erlang and normal distributions should be a 
continuous function. Since the generation systems are 
controlled by clock pulses, it is clear that the variable 
generated in a discrete, and not a continuous function. 
Thus the generated distribution will not conform ex 
actly to the theoretical distribution. If the error is sig 
nificant in a particular application, a closer approxima 
tion to a continuous function may be obtained by using 
the generated output as the most significant digits of a 
composite number, the remaining digits of less signifi 
cance being provided by a group of digits taken directly 
from the output of the number generator 3. 

it will be understood from the foregoing description 
that the various random distributions have been pro 
duced by subjecting the output of the uniform random 
number generator 3 to the logical operations of com 
parison and counting. These operations may be re 
placed by logical equivalents. For example, two num 
bers may be compared by subtracting one from the 
other, the sign of the remainder indicating the compari 
son result. An accumulator consisting of an adder and 
register will perform the counting function. 
A system which may be adjusted to provide any one 

of several different distributions will now be described 
with reference to FIG. 6. 
A first pseudo-random pulse generator 40 of the type 

shown in F.G. 3, feeds a chain consisting of a counter 
42, a signal converter 42 and a buffer store 43. A sec 
ond pseudo-randon pulse generator 44, also of the 
type shown in FEG. 3, feeds a chain consisting of a 
counter 45 and a buffer store 48. The outputs from the 
buffers 43 and 48 are combined in a adder 49. The out 
put from the adder 49 is fed via a further buffer store 
50 to a signal conversion unit 51. The output pulsese 
quence with the selected probability distribution of the 
pulse intervals appears on line 52. 
The counter 41 provides an output pulse to unit 42 

after a preset number of input pulses. The time inter 
vals between successive output pulses follow an Erlang 
distribution. The unit 42 produces pulses which have 
amplitudes following the same distribution as the pulse 
intervals. 
The chain of units 44, 45 and 46 operates in a similar 

manner, but the output of unit 46 is subtracted from a 
fixed value in unit 47, and the result is then stored in 
buffer 48. As a result, the intervals of the pulse se 
quence fed to the buffer 48 follow an Erlang distribu 
tion and the amplitudes follow a reflected Erlang distri 
bution. 
The contents of the buffers 43 and 48 are combined 

by the adder 49 and the sum is stored in the buffer 50. 
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8 
The stored sums are then converted back to time inter 
vals by unit 51. If the preset values for the counters 41 
and 45 are equal, and are equal to or greater than 5, the 
pulse sequence on the line 52 has intervals which fol 
low a normal distribution. If the preset values of the 
counter 41 and 45 are different, the intervals of the 
pulse sequence on the line 52 follow a skew distribu 
tion. Finally, if the generator 40 is made unoperative, 
the preset count of counter 45 is unity, and the unit 47 
adds instead of subtracts, the intervals of the pulsese 
quence on the line 52 follow a shifted negative expo 
nential distribution. 

In implementing the units of FIG. 6 in digital form, 
the unit 42 may consist of a counter which counts clock 
puises and is read out and reset to zero each time the 
counter 41 produces a pulse. Thus, units 41 and 42 are 
similar to counters 9 and 23, delay 22 and AND gate 
2 of FIG. 5. Each value which is read out of unit 42 
is stored in turn in buffer 43. 
The units 46 and 47 may consist of a subtracting 

counter which counts clock pulses and is read out and 
reset to a predetermined value each time the counter 
45 produces a pulse. The adder 49 may consist of a 
conventional parallel binary adder. 
The unit Si may consist of a subtracting circuit which 

controls an AND gate to provide a binary one output 
on the line 52 when the subtracting circuit is registering 
zero and a binary zero for any other subtracting circuit 
value. One of the words stored in the buffer 50 can be 
transferred into the subtracting circuit under control of 
a timing signal but only if the counter is also registering 
2O. 

Pseudo-random numbers of selected probability dis 
tribution could be derived from the AND gate output, 
or, conceivably, taken directly from the subtracting cir 
cuit of unit 5i, or the adder 49, or the buffer 50. 

It will be apparent that the buffers must provide mul 
tiword storage on a conventional first in/first out basis. 
In theory, each buffer should be sufficiently large to en 
sure that no input word to a buffer is ever lost because 
the buffer is already full. The maximum rate at which 
successive words can arise in, say, buffer 43 is deter 
mined by the clock pulse rate. However, the average 
rate is very much less than this, since it is determined 
by the average rate of arrival of pulses from the counter 
4. The distribution of the pulse interval in the pulse 
sequence from the counter 4. is known in terms of the 
clock pulse interval. Consequently, it is possible to cal 
culate the size of buffer which is necessary to ensure 
that information may be processed without substantial 
loss because of overflow. An overflow condition may 
occur, but if it occurs sufficiently infrequently the over 
all operation of the system will not be affected to any 
appreciable extent. 
One useful modification of the system shown in FIG. 

6 involves combining in uniformly distributed pseudo 
random numbers with the outputs of the buffers 43 and 
48. This may be done at an adder unit (49) followed by 
a unit providing the cumulative sum of n -- 2 numbers 
at its output. This output, as well as feeding a buffer 
(50) if required, is also returned as an input to the 
adder unit. In another configuration, a separate adder 
feeds a unit providing the cumulative sum of n numbers 
at its input and receives both the uniformly distributed 
numbers and the cumulative sum. The cumulative sum 
and the output of the adder 49 are then supplied as in 
puts to a further separate adder feeding the buffer 50. 
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In both cases, for a setting k of the counters 41 and 45, 
the accuracy of the resulting normal distribution de 
pends on the ratio kiln. 

I claim: 
1. Apparatus for generating pseudo-random pulse se 

quences with a specified probability distribution of the 
intervals between successive pulses, comprising first 
means for providing a pseudo-random pulse sequence 
with a first probability distribution of pulse intervals, 
second means for converting the pulse intervals into a 
first electrical signal successively representative of the 
pulse intervals, third means for transforming the first 
electrical signals related to the first probability distribu 
tion into a second electrical signal related to the speci 
fied probability distribution, and fourth means respon 
sive to the second electrical signal to produce a pulse 
sequence with intervals conforming to said specified 
probability distribution, and wherein the first means 

O 

15 

comprises two chain-code generators with at least one . 
signal from each chain-code generator connected to a 
half adder for providing the first pulse sequence. 

2. Apparatus according to claim 1, comprising fifth 
means of the same type as said first means and opera 
tive for providing another pseudo-random pulse se 
quence with a predetermined probability distribution 
of pulse intervals, sixth means for converting into an 
electrical signal successively representative of the latter 
pulse intervals, said fourth means being responsive 
jointly to the outputs of the third and sixth means. 

3. Apparatus according to claim 2, wherein the third 
means is for subtracting the first signal from a fixed 
value to provide the second signal. 

4. Apparatus according to claim 2, wherein the first 
and fifth means each further comprise a counter ar 
ranged to count input pulses from the generator and 
presettable to give an output pulse after a desired num 
ber of counted pulses. 

5. Apparatus according to claim 2, wherein the sixth 
means comprises a counter arranged to count clock 
pulses and be read out and reset by each pulse from the 
fifth means, the second and third means are constituted 
by a subtracting counter arranged to count clock pulses 
and be readout and reset by each pulse from the first 
means, and the fourth means comprises a subtracting 
circuit operative relative to a fixed valve and arranged 
to control a gate to provide a pulse only when the sub 
tracting circuit registers Zero. 

6. Apparatus according to claim 2, comprising means 
for arithmetically combining the outputs of the third 
and sixth means to form an input to the fourth means. 

7. Apparatus for generating sequences of pseudo 
random numbers with a specified probability distribu 
tion comprising a first means for generating uniform 
pseudo-random numbers and having two chain-code 
generators each utilizing a multistage register with out 
puts from selected pairs of stages, one from each gener 
ator, being connected to distinct half-adders, respec 
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tively, to provide first electrical signals representative 
of digits of uniform pseudo-random numbers, and sec 
ond means for transforming the first electrical signals 
into second electrical signals representative of a se 
quence of numbers with said specified probability dis 
tribution. 

8. Apparatus according to claim 7, wherein the sec 
ond means provides for comparison and counting oper 
ations relative to said signal values. 

9. Apparatus according to claim 8, wherein the sec 
ond means comprises a comparator for producing a 
pulse for each predetermined relationship between a 
reference number and said numbers from the pseudo 
random generator, and a counter arranged to be read 
out and reset at regular intervals and to advance its 
state by unity for each pulse from the comparator. 

20. Apparatus according to claim 9, comprising a fur 
ther counter arranged to count regular clock pulses and 
to give, after predetermined pulse counts, an output 
signal for controlling readout and resetting of the first 
mentioned counter. 

1A. Apparatus according to claim 8, wherein the sec 
ond means comprises a comparator for producing a 
pulse for each predetermined relationship between a 
reference number and said numbers from the pseudo 
random generator, and a counter arranged to count 
regular clock signals and to be readout and reset by 
each pulse from the comparator. 

2. Apparatus according to claim 8, wherein the sec 
ond means comprises a comparator for providing a 
pulse for each predetermined relationship between a 
reference number and said numbers from the pseudo 
random generator, a first counter for counting pulses 
from the comparator and arranged to give an output 
signal after each counting of a predetermined number 
of pulses, and a second counter arranged to count regu 
lar clock pulses and to be readout and reset by each sig 
nal from the first counter. 

13. A pseudo-random pulse sequence generator com 
prising two chain-code generators each including a 
multistage shift register with feed to the first stage from 
a half-adder supplied from selected stages of the same 
shift register, at least one selected shift register stage of 
each chain code generator also being connected to a 
half-adder for supplying a pulse sequence as the shift 
registers are clocked in synchronism. 

24. A pseudo-random pulse sequence generator ac 
cording to claim 13, further comprising additional half 
adders each supplied from a different pair of shift regis 
ter stages, one from each chain-code generator, to pro 
vide other pseudo-random pulse sequences; and an out 
put register of which each stage is supplied by a differ 
ent one of the pulse sequence producing half-adders to 
form a uniform random number represented by the 
contents of the output register stages. 
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