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I. CASES OF MERGING MORE THAN TWO BURSTS

In the main text, we have only considered a binary tree for the burst-tree decomposition
method. However, in reality there can be “non-binary” cases where more than two bursts
are to be merged at the same time. For example, three consecutive bursts separated by the
interevent times (IETSs) of the same length will be merged into one burst as soon as the
time window At exceeds those IETs. Whenever we have such a situation, we record the
number of bursts to be merged at the same time, denoted by n,,, and the value of IETSs
separating those bursts, denoted by 7,,. From the event sequence of the editor 1, we obtain
the frequency of ny, for all cases, as shown in Fig. (a). Then for each ny,, we obtain
the maximum and minimum 7,4, as shown in Fig. [S1b). Although such non-binary cases
occur quite often, the corresponding IETs are mostly less than 1 minute, hence having a
negligible effect on the results of relevant timescales from minutes to days or even longer.
The reason why there are non-binary cases might be due to the time resolution of 1 second

in the empirical datasets we analyze in our work.
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FIG. S1. Wikipedia editor 1: (a) Frequency of the number of bursts to be merged at the same time,
denoted by nyp, as these bursts are separated by IETSs of the same length, denoted by 7, and
(b) the maximum and minimum 7,s per each ny,. (¢) The fraction of the largest burst size f in
Eq. and susceptibility x in Eq. (multiplied by 1075 for clearer visualization) as functions

of At for the percolation analysis.

To derive the binary tree structure from such cases, we repeat the binary merging of
two consecutive bursts until all these bursts are merged into one burst. For example, let us
denote the burst sizes of three consecutive bursts separated by the same IETSs as {b1, b, b3}.

These bursts can be merged in two ways: One is to first merge b; and by, and then by + by



is merged with b3. The other is to first merge b, and b3, and then by + b3 is merged with b;.

One of these two ways is chosen at random for deriving the binary tree structure.

II. RESULTS OF OTHER WIKIPEDIA EDITORS, TWITTER USERS, AND
HEALTHY SUBJECTS

In addition to the quantities discussed in the main text, we also propose two new quan-
tities for characterizing structural properties of burst trees, namely, the memory coefficient
between sibling bursts M, and the asymmetry a,. As for M;,., we consider only the pairs of
sibling nodes in Czy, i.e., those sharing the same parent node. We denote the set of those
siblings by Sa; = {(v,w)|v,w € Cas, (u,v,w) € G}. Then we suggest a novel definition of

the memory coefficient between sibling bursts for a given At as follows:

er = L Z (bv - ;ul)(bw — :ur)7 (Sl)

|SAt| (v,w)ESAt 0107

where 1 (i,) and oy (0,) respectively denote the average and standard deviation of burst
sizes of all the left (right) children in Sa;. Positive M, implies a tendency of big (small)
bursts to be merged with big (small) ones. The opposite tendency can be observed for the
negative M;,., while M;,. = 0 indicates the absence of correlations between sibling bursts.
Then we define for each internal node u the asymmetry between its two children with

burst sizes b, and b,, as
by — by
by + by

If b, = b,, one gets a, = 0. If b, > b,, we have a, ~ 1, while a, =~ —1 for b, < b,. For a

(52)

y =

given At, we take an average of a, over the nodes whose associated IETs are the same as
At, and denote it by (a,).

We apply our burst-tree decomposition method to other editors in the English Wikipedia
dataset. In particular, we analyze the edit sequences of the 20 most active editors (including
the editor 1) in terms of their edit numbers, as summarized in Fig. . We find the similar,
universal behaviors for all active editors such as heavy-tailed burst size distributions for a
wide range of At, overall positive values of M, and M, for several decades of At, overall
increasing behavior of the diagonal cross-section of the merging kernel, K (b,b), and (a,)

that are negligible for small At, but largely fluctuating for large At.
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FIG. S2. Wikipedia’s top-20 most active editors: (a, b) Burst size distributions for At = 300

and 3600 seconds, (¢) memory coefficients between two consecutive burst sizes

My, (d) memory

coefficients between two sibling bursts M;,., (e) diagonal cross-sections of the merging kernel K (b, b),

and (f) the averaged asymmetries (a,). In panels (a, b), (b)a; is the average burst size for a given

At. Vertical dashed lines in panels (c, d, f) denote At =1 day.
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FIG. S3. Twitter’s top-20 most active users. All notations are the same as in Fig.

We also analyze the tweet sequences of the 20 most active Twitter users (including the user

1) from the Twitter dataset and the heartbeat time series of 20 healthy subjects (including
the subject 1), as shown in Figs. and , respectively. We find overall similar patterns
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FIG. S4. Heartbeat time series of 20 healthy subjects. All notations are the same as in Fig.

to those found in the Wikipedia editors, except for the M, and (a,) in the case with
Twitter users. Overall larger fluctuations are observed in Twitter dataset, probably because
of relatively smaller number of events. In the case with heartbeat time series, we find

fluctuating behaviors of M, and M;,.

ITII. PERCOLATION ANALYSIS

The power-law burst size distributions observed in the empirical analysis can be seen
as a consequence of the percolation transition. It is because the burst merging process by
increasing At can be interpreted as the percolation process by increasing the connectivity
between elements in a many-body system. To test the validity of this analogy, we measure
the fraction of the largest burst f and susceptibility y at each time window At: For a
given At, we first have the sequence of bursts Ca; as defined in the main text. Then using

bmax = max{b;|i € Cas}, f and x are respectively defined as follows:

bmaX
_ 1 2
X:n—l—l E b°. (S4)

be{b;[i€Cat }\{bmax

Note that the summation in Eq. is calculated over Ca; but for the largest burst by.y.
The results for the editor 1 are shown in Fig. [S1|c), where we find that the “percolating”
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burst emerges only at the time window larger than ~ 1 day. In contrast, the power-law burst
size distributions for the editor 1 are observed for At less than 1 day. These results enable us

to reject the analogy between the merging process and the conventional percolation process.
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FIG. S5. Wikipedia editor 1: Complete results of several MRRMs, including the results of the
original event sequence (top row). For the MRRMs used, see Table

IV. COMPLETE RESULTS OF MRRMS

We present the complete results of several microcanonical randomized reference models

(MRRMs) introduced in the main text for event sequences. As for the features or temporal
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FIG. S6. Twitter user 1: Complete results of several MRRMSs, including the results of the original

event sequence (top row). For the MRRMs used, see Table

correlations conserved in various MRRMs, we use not only the quantities discussed in the
main text, i.e., P(7), Qa¢(b), My, and K (b, b), but also the newly introduced quantities, i.e.,
M, and (a,). The list of such features is summarized in Table

We apply the MRRMs to the event sequences for the editor 1 of Wikipedia (Fig. , for
the user 1 of Twitter (Fig. , for the subject 1’s heartbeat time series (Fig. , and for
the JUNEC (Fig. . For the Wikipedia editor 1 and Twitter user 1, one can also introduce
variants of the left-right MRRM by limiting the shuffling only to internal nodes with IETs

larger (or smaller) than a fixed timescale of 1 day, aiming to destroy the left-right structure
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FIG. S7. Heartbeat of the healthy subject 1: Complete results of several MRRMs, including the

results of the original event sequence (top row). For the MRRMs used, see Table

TABLE S1. Features or temporal correlations conserved in various microcanonical randomized

reference models (MRRMs). The “original” data trivially retains all features.

P(T) QAt(b) My M, K(b7 b) <au>

MRRM

Original

v

Left-right shufled v

IET shuffled
Timing shuffled

v

v
v

v v

v
v

v

for the timescale longer (or shorter) than 1 day. The results of these variants are included

in Figs. S5 and S6.
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FIG. S8. JUNEC: Complete results of several MRRMs, including the results of the original event
sequence (top row). For the MRRMs used, see Table

V. OTHER KERNEL-BASED MODELS

In addition to the model kernel used in the main text, we test two other functional forms:

K(b, b/> _ |:1 +Cl<1nb+ln b/)2j| [1 +c26—(1nb—1nb’)2/03] , <S5>

K(b,6) = {1+ a[(Inb)* + (In¥)?)} [1 + c26—<1nb-lnb’>2/63] , (S6)

where ¢, ¢y are nonnegative parameters, and c3 is a positive parameter. For the simulations,
we commonly use the same IET distribution with o = 1.8 in Eq. (4) in the main text, to
generate 100 event sequences of n = 10° for each case.

Similar to the case in the main text, we study the case with the model kernels in Eqgs.
and with parameter values of (c1, ¢2, ¢3) = (3,100,4), (0,100,4), (3,0,4), and (3,100, 1).
In Figs. [S9 and we find the qualitatively similar results as in the case with the model
kernel in the main text, enabling us to conclude that to get the heavy-tailed or power-law
burst size distributions for several values of At and overall positive values of M, and M,,

for a wide range of At simultaneously, both preferential and assortative mixing structures
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and right panels show the burst size distributions as well as M and M, obtained from 100 event

sequence of n = 10°. The error bars denotes the standard errors.

of bursts (¢; > 0 and ¢ > 0) are necessary for guaranteeing the increasing diagonal K (b, b)

and the higher profile of the diagonal part than the off-diagonal part of K (b,,b,,).
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