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Long-range correlations in computer diskettes
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We find that successive versions of the files stored on a personal computer diskette mimic the evolution
mechanism claimed to be responsible for the long-range correlations observed in DNA sequences. Starting
from uncorrelated random files, long-range correlations are gradually introduced by successive editing, corre-
sponding to point mutations, insertions, and deletions. This system has the advamtageNA sequenceof
allowing experimentsS1063-651X98)04403-1]

PACS numbegps): 87.10+e€, 05.40+]

One of the most studied problems in the interface between Here we present an alternative dynamical systencces-
biology and statistical physics is the existence of long-rangeive editions of files in a floppy digkhat seems to behave
power-law correlations in certain DNA sequen¢és-3]. A just like DNA sequences. This system can be of interest be-
frequently used tool to study long-range correlations in theseause the very interesting subje@volutionary route of
sequences consists of mapping each sequence onto a om¥ENA sequencescannot be easily studied through experi-
dimensional random walk. If each step is random and indements. The evolution history cannot be rewritten or modified
pendent of the previous ones, we have an uncorrelated walk) order to understand the rules and mechanisms leading to
For this sort of walk, the dispersion grows proportionally tothe biological world as it is nowadays. As we will show in
the square root of time. On the other hand, if each step dethis work, file editions in a floppy disk also give rise to
pends upon the history, i.e., memory effects are taken int$Png-range correlations and the corresponding exponent
account, we have a correlated walk. If one step depends updiyolves similarly as the one for DNA sequence fluctuations
only a few previous step&short-range correlationve still (9] The expansion-modification model, after [11], is
have the dispersion increasing &swith «= 1. Many other clo§ely related to this work. It provides an aItern_auvg expla-
studies have appeared in the literat{ie-g], showing the nation for the appearance of long-range correlations in DNA.

- ; ; ; : or computer diskettes, we also found a dependence of the
existence of power laws in spatial and/or time series of ver o : o
P P )Eharactenstlc exponent with the number of editions. The

different dynamical systems, each with its characteristic ex- ; o , .
onents dynamical similarity between successive editions and storage
P o ; tant tion 1o b d is wh | of files in the diskette and the evolutionary mechanism for
ne important question fo be answered 1S Wiy only apya sequences is that both processes correspond to inser-
small fraction of DNA is used for protein coding, within

; : tions, deletions, and “point mutations.” Here we consider
highly developed organisms. Moreover, long-range correlag,e egition of a file as a modification that can either ran-

tipns have_ been reported only in cases where noncoding 'Somly change a fraction of bit€'point mutations”) or in-
gions are included in the analysis. Recently, Buldyeewal.  cjyde (or delete other entire sequences of bits, therefore
[9] studied a single gene family to test the hypothesis othanging the file sizéinsertions and deletions
growing complexity from lower to higher developed ani- e worked with old double-sided, double-densit}i.
mals. Whereas the coding sequence of this farfiiyosin  floppy disks with 360 Kbytes of storage capacity Kbyte
heavy chainsdoes not display long-range correlations for all corresponds to 8192 bjtsin order to avoid correlations in-
samples studied, the complete sequence presents long-rangeduced by operational system features other than the dy-
power-law correlations, and, moreover, the higher the comnamical process itself, each diskette was previously format-
plexity the higher the characteristic exponent. In this wayted by writing random bits. In our diskettes, we have eight
long-range correlations found in intron-containing DNA se-files, occupying half the disk at the beginning. Each bit of the
guences are interpreted in the literature as a consequencefiés is also chosen at random. In summary, we have at the
biological evolution. One possible evolutionary mechanismbeginning one floppy disk with 360 Kbytes of random bits,
proposed to explain these findings is the followifig:first, ~ from which 180 Kbytes are reserved to the eight files.
one has copies of the same gene in different locatja0$ We choose, at random, which one from the three possible
along the DNA chair(gene duplicatiop (ii) after a suitably  processes will take place: insertion, deletion or point muta-
long evolution time, mutations can cause these copies to beion. Insertiongdeletions correspond to increasir(gecreas-
come distinct(but somewhat similar to each otheone pre- ing) the file size by a random fractionp to 50% of its
serving the original function, the others acquiring a newpresent size by introducingemoving continuously random
function. bits at a given starting position, also chosen at random. The
storage strategy of the operational syst¢miS-DOS to
write files on the disk can be summarized as follows: when

*Electronic address: zebende@if.uff.br the file size decreases, the edited file is written at the same
TElectronic address: pmco@if.uff.br starting position and the free space at the end of the file
*Electronic address: tipp@if.uff.br becomes available for new, future texts. However, the old
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information remains stored in thisow) free space, in spite rule, for instance, conside& or G as one step in a given
of no longer belonging to any current file. If the file size direction andT or C as one step in the opposite direction,
increases but the next part of the disk is already occupied bglong the DNA walk. Alternatively, the strongCG) and
another file, the rest of the increased file is written at the nexiveak (AT) rule concerning the number of hydrogen bonds
availableposition along the disk. Therefore, the file becomes(three or two bonds, respectivelpinding each pair is the
fragmented into two or more pieces. However, if there is amost used rule today. Therefore, analogously to Retraj.'s
unoccupied connected region large enough to save the file irecipe[1], one can map the disk contents onto a sequence of
the disk, and the file is fragmented into more than twonumbersu(i), whereu(i)=+1 if a “1” bit is found at
pieces, the system will choose to save the file as a continuoyspsitioni along the disk ou(i)=—1 if the ith position is
sequence of bits. Point mutations correspond to selecting, akccupied by a bit set to “0.” The walker positioy(l) after
random, 10% of the bits of a given file, and changing them steps will be given by
into other bits also selected at random.

In order to edit a file, it is first copied from the disk to the '
computer memory. There, our program performs random y(Hh=2>, u(i). 1)
modifications(insertions, deletions, and point mutatipisy i=1
inserting new sequences at random positions, deleting other ) )
parts, etc. After finishing the edition, the file is again stored In Fig. 1 we present typical curves fg(l) as a function
on the disk, i.e., it is saved according to the MS-DOS storag®f |, after many editions, corresponding to two different situ-
rules discussed briefly above. In this sense, here we are pettions:(a) we consider all positions along the diskette, and
forming real experiments on real disks, using a real operatb) we consider only the pieces currently used by fllesd-
tional system as an example. However, our purpose is t#19 sequences skipping the parts which are not in use. In
introduce an experimental device in order to test possibléhis test case—and for the others to be presented—files oc-
mechanisms for DNA evolution which may be proposed. Incupy half a disk. These figures are to be compared with the
this case, one must simulate the disk as a long array of bit§nes presented in RefL].
modifying its contents according to the proposed evolution- A quantity of interest for long-range correlations is the
ary rules instead of the protocols used by the particular oproot-mean-square fluctuatidf(l), defined as
erational system.

In order to build the equivalent to the one-dimensional FA(H=([Ay(H1>—([Ay()])?, 2
DNA walk, we consider the diskette as a sequence of bits,
0's and 1's, just as the DNA is considered as a sequence afhere Ay(l)=y(lo+1)—y(ly), and the average is taken
base pairsA, G, T, andC. The so-called purine-pyrimidine over all positiond, [12]. For large values of, we have
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F(l)~1¢. ©) hand, considering all the disk, we found long-range correla-

tions (a,4>0.5). The increasing behavior ef,, is analo-
Through the fluctuation-dissipation theorem we can connecgous to that reported by Buldyrest al. [9], where more
this quantity to the correlation functiga2]. If «=we have  highly developed organismisorresponding to diskettes with
an uncorrelated—or short range correlated—random walkore editions present higher correlation exponents in their
for which the correlation function decays exponentially. ForDNA sequences. A saturation value @f, is evident and is
a>1 we have correlated walk@.g., 1f noise. In the case due to finite-size effects of the diskthis is not supposed to

where <3 we have anticorrelated walks, like the cases ofoceur in DNA seq_uences . . - .
healthy heart§5] and leaky faucetks]. Another situation considered here is the edition with

We investigate how the characteristic exponen long- backup. Before each edition, we keep a copy of the old ver-

. ) - sion on the diskette as a backup file. The results for backup
range correlations changes after successive editions cons@

. RS ; ; .~ editions are presented in Fig(a® (without variation of file
ering both situations: reading only the pieces used by f'le§ize, and in Fig. 3b) (with its variation. These results are

(jie), and reading all the floppy diskagy, from now on.  gualitatively the same as the preceding ones without backup,
In our systems, the fluctuations behave like a power law, folt with larger values for the exponeat, and faster satu-
at least three decades. These resultgfas a function of the ration. The backup files were not considered for the evalua-

number of editions are presented in Figa)Xor the case in  tion of ay,.

which the file sizes are constant, i.e., considering only point An additional and independent evidence for the similarity
mutations, and in Fig. ®), where insertions and deletions between evolutionary processes in diskettes and DNA se-
are considered. As we can see in Fie)2a, andage are  quences is related to the frequency of the jump sizes in the
both close to 0.5, because in this case the new version of thealks. Initially, for each 100 bits read, we considerd\y)

file is always stored exactly on the same place as the old onas the probability of finding a jump of siz&y along the
Since the mutations are always taken at random, we cadiskette. In Fig. 4 we present the histogramRgfAy)/P(0)
expect random bits along the whole diskette, independentlgs a function ofAy, for reading only the parts currently used
of whether they are in use by files or belong to noncodingby files and for all the disk, with size file variation. We have
regions. More interesting results can be seen in Fiy),2 tried to fit the histograms by vy distributions defined as
where insertions and deletions took place. For the case where

only the parts used by files are read, we still have an uncor- P(A - _f exn — va’)cog aAv)d 4
related random walk landscaperg,~0.5). On the other Ay dy=7 0 A-rgfcosqayyda.  (4)
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Z‘ .3 //\.b (;O:.w Gaussian distributiongg=2) for coding’regions.
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with indexesy and , and by Gaussian distributions/\ae  larly to a previous hypothesis for the evolutionary process in
distributions are frequently associated to fractional BrowniarDNA sequenceEl]. The exponent is presented here in two
motion and therefore are related to processes with memongistinct forms of mapping: reading only bits corresponding
effects(see Refs[13—15). The histogram of jumps for the to files (corresponding to the coding regions of a DNA se-
whole diskette is well fitted by a vy distribution[16] with  quence and reading all bits of the disketteorresponding to
y=1.86, while the histogram of jump sizes correspondingthe complete DNA sequenceWe have obtained the corre-
only to parts used by files is well described by a Gaussiafation exponentx as a function of the number of editions,
distribution (=2). It may be argued whether a binomial starting from uncorrelated random files, simulating the pre-
distribution should be used instead ofweand Gaussian .rsor sequence which consists entirely of coding parts. The
distributions. In order to check it, we also considered a d'f'results for the editions in diskettes show that only the case

b maximum_size of jumpéwe tried Ay ma=150, 200, where the file size varies generates long-range correlations.
and 300, for which we can expect a better agreement be-

: : o G addition, also in this system, the higher the complexit

tvyegn Gaussian and binomial distributigrié/e have found (given by the number of eyditiomsthe higr?er the fluctuariion y
similar resu]ts. Nevertheless, we know from REf7] that exponent
truncated Ley flights present ultraslow convergence to '
Gaussian distributions and, therefore, we still cannot confirm This work was partially supported by Brazilian agencies
the anomalous character of dispersion of jump sizes in thi€CAPES, CNPq, FAPERJ, and FINEP. We are indebted to
system. Suzana Moss, Jorge” dartins, and Dietrich Stauffer for

In conclusion, it has been shown that long-range correlaeritical readings of the manuscript. We also thank C. G. Car-
tions in diskettes are introduced by successive editions, simivalhaes for computational help and discussions.
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