
More Light on Random Number Generatorscoexist, with many cases of interference, 
intermittency, stability, and instability.

A conceptual framework which could 
transfer the experience gained in nuclear 
physics to other fields is still missing. Inter
disciplinary experts are not so numerous, 
and there remains much to be done until 
solutions to many-body problems in nuclear 
physics could be useful in biology, sociology 
or economics. Nonetheless, it can be safely 
claimed that atomic nuclei, and more spe
cifically nuclear collisions, provide a frame 
of reference for the study of complexity that 
is unparalleled in the richness of its phe
nomenology. It would be a serious mistake 
to overlook this opportunity.
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Considerable activity has been triggered 
by recent results of Monte Carlo calculations 
showing that random number generators 
considered good were giving the wrong ans
wers in Ising model simulations using the 
highly efficient Wolff algorithm [see EN 24 
(1993) 24].

Until recently, the only pseudorandom 
number generators which had been studied 
extensively were those of the multiplicative 
congruential type; they present a well-known 
defect whose effect can be made arbitrarily 
small at the expense of some computing 
time, and there is no wider theory which 
excludes their having additional as yet un
known defects. For this reason, many Monte 
Carlo practitioners prefer to use random 
numbers generated using other algorithms 
which produce much longer seguences be
fore repeating and do not have the known 
defect of congruential generators. Unfortu
nately, Ferrenberg et al. [Phys. Rev. Lett. 69 
(1992) 3382] showed that for certain pro
blems these newer generators gave wrong 
answers. Now Martin Lüscher of DESY has 
studied one of these generators, the “sub- 
tract-with-borrow” algorithm of Marsaglia and 
Zaman known as RCARRY, and was able to 
show how to improve its chaotic properties.

As Lüscher says: “The characteristic fea
ture of a chaotic dynamical system is that tra
jectories starting at nearby states diverge 
exponentially with time. Even if the evolution 
is locally continuous, such a system appears 
to behave randomly on larger time scales. 
One could also say that any state specified to 
some finite precision has an exponentially 
deteriorating memory of its history.” Although 
RCARRY is “strongly chaotic” in this sense, 
it has short-term correlations which can be 
eliminated by a simple modification.

The RCARRY algorithm works on a table 
of 24 floating-point numbers and produces 
its next number by combining two of the 
numbers in the table and replacing one of 
them by the new result. Lüscher therefore

RANLUX
A subroutine implementing the skipping 

algorithm called RANLUX (for luxury ran
dom numbers) has been written by F. 
James and is being introduced into the 
CERN Program Library. The program, 
along with the paper of M. Lüscher [DESY 
preprint 93-133] will be published in Com
puter Physics Communications. Subroutine 
RANLUX allows the user to choose the 
“luxury level” between zero (no skipping, 
same as RCARRY) and four (skipping 365). 
Level two already passes all known tests 
and gives the right answers for the Wolff 
algorithm, but users who want an even 
better guarantee of security and can afford 
the extra computer time (about a factor 2.5 
at level two and 5 at level four) can opt 
for pure luxury. For many problems, where 
the random number generation time is 
small compared with the rest of the calcu
lation, there is no longer any reason for 
the computational physicist to deny him
self the luxury of random numbers with 
demonstrably good chaotic properties.

looked at it as a generator of vectors in the 
24-dimensional hypercube, and considered 
how two neighboring vectors in this hyper-
cube would evolve according to the algo
rithm. He showed that indeed nearby trajec
tories would diverge exponentially, on the 
average with a Lyapunov exponent close to 
one, that is the separation would increase by 
about a factor e every cycle of 24 numbers. 
After about 16 cycles, the smallest possible 
separation (6 x 10-8) would grow to be of 
order one and fill all the hypercube.

In order to accelerate this “chaotic explo
sion”, he suggested a modification of the 
algorithm whereby one would generate 24 
numbers and then skip a certain number (at 
most 365) before using 24 more. This “throw
ing away” of random numbers is normally to 
be avoided since it shortens the effective per
iod of a generator, but Lüscher also showed 
that if the total number generated and skip
ped per cycle is prime, the period is main
tained. (In fact, since the basic period of 
RCARRY is about 10170, one can afford to 
shorten the period by many orders of magni
tude without any danger of exhausting it.)

F. James, CERN, Geneva

ERRATA
Some mistakes crept into last month’s anni
versary issue of Europhysics News. The Edi
tor apologises for the following:
- The group shown on the cover is the Con
ference Committee and not the Publications 
Committee.
- E. Gotsman from Tel Aviv University shown 
in the photo on p. 120 is clearly not a “Turkish 
politician”.
- The Condensed Matter general conference 
had a “new beginning" in 1986 and not 1980 
(p. 125).
- J.M. Charap was the Chairman and not the 
Secretary of High Energy Physics in 1981-84
(p. 126).
- Seated to the right of W. Buckel in the photo 
on p. 150 is L.A. Radicati and not G. Szigeti.
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