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(57) ABSTRACT

A method for predicting network-tratlic bursts includes
identifying, 1n data received by a networking device, a
plurality of network-tratlic bursts, each of the plurality of
network-trathic bursts occurring at a respective one of plu-
rality of burst-times {t,, tr.;, . . . , t,}. The method includes
determining a time-interval T, of a next burst occurring at t,
after burst-time t, by determining respective values of t,, a
parameter €, and a parameter 1, that minimize, to within a
tolerance, a quantity (f, (g, n, k)-(t,—t,)) for at least three
values of a integer k. Parameters & and m are, respectively,
a real and 1maginary part of a power-law exponent of a
power law relating predicted time-interval T, to any of the
plurality of burst-times. The method includes determining,
from a cumulative distribution function of a normal distri-
bution of previously-identified network-traflic bursts, a
time-duration during which the networking device may
reallocate bandwidth.
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T
' Identify, in data received by a networking device, a plurality of network-traffic bursts, each of the plurality
{  of network-traffic bursts occurring at a respective one of plurality of burst-times {tx, tv1, ..., fo}, N2 3.
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Determine a time-interval t» of a next burst occurring at ©» after burst-time 4 by determining respective
' values of predicted time-interval t,, a parameter ¢, and a parameter f that minimize, to within a

| tolerance, a quantity (f{€.n.k) — (o~} for three values of a positive integer k < N, parameters € and n
being, respectively, a real part and an imaginary part of a power-law exponent of a power law relating

' predicted time-interval t, to any of the plurality of burst times.

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

624

Determine, from a cumulative distribution function of a normat distribution of previously-identified
network-tratfic bursts occurring within a time-interval that includes a previously-predicted burst-time t,
similar to predicted time-interval t,, a time-duration during which the networking device may reallocate

bandwidth.
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Determine the time-duration from a mean burst-time |, and a standard deviation o, of the normal
distribution.
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?

Determine the time duration as {V2)-op-erf{1-2Q0S) + y,, where QoS is a predetermined

metric related to a probability of having sufficient bandwidth during the time duration.

Determine the mean burst-time 1, and the standard deviation 0, by curve-fitting the previoustly-
identified network-traffic bursts. |
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NETWORK-TRAFFIC PREDICTOR AND
METHOD

RELATED APPLICATIONS

[0001] This application claims benefit of priority to U.S.
Provisional Patent Application Ser. No. 62/652,786, filed on

Apr. 4, 2018, which 1s incorporated herein by reference.

BACKGROUND

[0002] Eihlicient allocation of bandwidth across a commu-
nication network i1s an important contributor to the net-
work’s quality of service (QoS) to its users. Intermittent
bursts 1n network tratlic poses a challenge to eflicient
bandwidth allocation, as communication channels experi-
encing such bursts have fluctuating bandwidth requirements.
Allocating too little bandwidth to a channel results in
sluggish data transmission when bursts occur. Allocating the
channel suflicient bandwidth to accommodate bursts 1s 1net-
ficient, as the channel does not utilize 1ts full bandwidth
during relatively low data-rate periods occurring between
bursts.

SUMMARY OF THE EMBODIMENTS

[0003] In a first aspect, a method for predicting network-
traflic bursts 1s disclosed. The method includes 1dentifying,
in data received by a networking device, a plurality of
network-traflic bursts, each of the plurality of network-traffic
bursts occurring at a respective one of plurality of burst-
times {ty, tx.;, . . ., to}, N=3. The method also includes
determining a time-interval T, of a next burst occurring at t,
after burst-time t, by determining respective values of pre-
dicted time-interval T,, a parameter &, and a parameter .
Time-interval T,, parameter &, and parameter 1) minimize, to
within a tolerance, a quantity (f, (€, 1, k)-(t, —t,)) for at least
three values of a positive integer k<N. Parameters ¢ and m
are, respectively, a real part and an 1maginary part of a
power-law exponent of a power law relating predicted
time-nterval T, to any of the plurality of burst-times. The
method also includes determining, from a cumulative dis-
tribution function of a normal distribution of previously-
identified network-traflic bursts associated with a previ-
ously-predicted burst-time T, a time-duration during which
the networking device may reallocate bandwidth according
to at least one of tratlic type, a subnet mask, and IP address.
Previously-predicted burst-time T, difters from predicted
time-interval T, by less than a predetermined tolerance.
[0004] In a second aspect, network-tratlic burst predictor
1s disclosed. The network-traflic burst predictor includes a
processor communicatively coupled to both a networking
device and a memory. The memory stores non-transitory
computer-readable instructions that, when executed by the
processor, control the processor to execute the method of the
first aspect.

BRIEF DESCRIPTION OF THE FIGURES

[0005] FIG. 1 1s a plot of a bit-rate of information trans-
mitted by a communication channel as a function of time.
[0006] FIGS. 2 and 3 each include a scatter plot of
measured burst times vs. predicted burst times, 1n embodi-
ments.

[0007] FIG. 4 includes four histograms that illustrate
distributions of measured burst times during a time-interval
of predicted burst times, 1n embodiments.

Oct. 10, 2019

[0008] FIG. 5 1s a schematic of a network-traflic burst
predictor communicatively coupled to a network device
within a network, in an embodiment.

[0009] FIG. 6 1s a flowchart illustrating a method for
predicting network-traflic bursts, 1n an embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0010] FIG. 1 1s a plot of a bit-rate 100 of information
transmitted by a communication channel as a function of
time. Bit-rate 100 includes a plurality of network-traflic
bursts 110, which correspond to when network traflic
exceeds a threshold data rate denoted by threshold line 102.
In embodiments, threshold line 102 1s a multiple of the
standard deviation of network-traflic bursts 110.

[0011] Embodiments disclosed herein employ a quantita-
tive method for predicting the timing of bursts 1n commu-
nication network traflic, e.g. wireline communication net-
work traflic or wireless communication network traflic. The
predictions may be used to reallocate bandwidth in more
optimal ways. For example, if the next burst 1s predicted to
occur no earlier than the minutes from now with a certain
probability, then these ten minutes of underutilized band-
width may be reallocated to other uses.

[0012] In embodiments, a burst prediction model relies a
power law distribution for the cumulative bytes that flow
between bursts. Equation (1) 1s of simple power-law distri-
bution:

Sbytes=C(t,—1)P, (1)

where T, 1s a predicted time-interval before the next burst,
T, >t, and 3 1s an index that, 1n embodiments, 1s positive and
less than unity, such as £=0.84.

[0013] The flow of bytes per unit time 1s given by the
derivative of the equation (1), equation (2), where a=p-1<0.

Flow=C(t,-1)* (2)

[0014] In general, exponent a can be written as complex
number o.=E+11), which enables equation (2) to be expressed
as equation (3), where (t,-t)" is replaced by Re{cos(n
In(t, ~t))+i sin(m In(t, ~t))}=cos(n In(t, —t)), which ensures a
non-complex value for data rate.

Flow=C(x,,—1)% cos[n In(t,—1)] (3)

Bursts by their very nature are local maxima of equation (3),
such that they can be found by taking the first derivative of
equation (3) and setting 1t equal to zero, as shown 1n
equation (4).

dFlow | ”
d{ — —Cf(Tn - I)§COS[?711’1(TH — I)] 4 C(Tn — I)€T781n[771n(7'n . I)] _ O

Eliminating common factors and dividing by the cosine term
yields equation (35).

g tan[n In(v,-7)£kn]=c/m (3)
In equation (5), the kit term denotes the kth maximum at

time t,. Applying the inverse tangent function to equation (5)
and exponentiating both sides yields:

N In(v,,—#)+kn=arctan(g/m) (6)
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Solving equation (6) for T, and choosing the +kn yields
equation (7), which relates the time to the next burst as
measured from the kth previous burst:

1, =t,+exp[n ' arctan(&/m)+km]. (7)

In general, the time of the burst at predicted burst-interval T,
can be found given m and any two prior bursts p, and p,,
from the following equation:

In:(fp 1_{0 2e(plav2)nfn) /(1_8@1?2)71:!11) (8)
[0015] FIG. 2 1s a scatter plot 200 of measured burst times

vs. predicted burst times predicted using equation (7). Bursts
in scatter plot 200 correspond to bit rates that exceed two
standard deviations of a mean bit-rate calculated 1n a trailing
one-hour window. Scatter plot 200 includes one-thousand
data points each of which represents one burst.

[0016] Line 202 1s a best-fit line to scatter plot 200
generated by applying N=6 measured burst times to equation
(7), where M ={m., m,, m,, m,, m,, m,} denote the N
measured burst times. In burst-time set M, burst-time m,_ ,
occurs before burst-time m,. The measured burst times were
applied to equation (7) as shown 1n equations (9a)-(9e),
heremnafter equations (9), to determine best-fit values of
values of ¢ and v, denoted herein as &; and m,, via a
Levenberg-Marquardt method. In embodiments, other
curve-fitting, minimization, and/or optimization methods
may be used to determine &g, and 14,

mo=m +exp[n ! arctan(Em)+mm] (9a)
mo=m-+exp[n ! arctan(E/m)+2w/m] (9b)
mo=ma+exp[n " arctan(E/m)+3w/m] (9¢)
mo=ma+exp[n ! arctan(E/m)+4mm] (9d)
mo=ms+exp[n " arctan(Em)+5m/m] (9¢)

The values for &g, and g, determined from equations (9),
were applied again to equation (7) to predict next-burst
estimates T,_s, as shown 1n equations (10a)-(10e).

T =Mg+exp[n ﬁr‘l arctan(Sg,/M g, )+7tM 5] (10a)
T =m+eXp[n ﬁ,_l arctan(E4,/M g, )+27/M 5] (10b)
Ty =M>+eXp[N ﬁjl arctan(Eg,/Mg, )+37/M 5] (10¢)
T, =M +eXp[m ﬁr‘l arctan(s,/m g +47M 4] (10d)
Ts=My+eXp[n ﬁr_l arctan(Ss /Mg H3/M 4] (10e)

The predicted next-burst estimates T, were averaged to
yield a mean-predicted next-burst T. Without departing from
the scope hereot, the number of measured burst times N used
to determine parameter &4 parameter 14, and mean-pre-
dicted next-burst T may be greater than or less than six.

[0017] The computations associated in equations (9) and
(10) were repeated several times, each with a respective
N-element set M of measured burst times, to generate
scatter plot 200, FIG. 2, where each data point 1s a measured
burst plotted against 1ts corresponding mean-predicted next-
burst T. FIG. 2 includes a lower line 202, a best-fit line 204,
and an upper line 206. Lower line 202 i1s nine-tenths of
best-fit line 204. Upper line 206 1s two times best-fit line
204. Note that nearly all the measured bursts are between
lines 202 and 206. Specifically, forty-two measured bursts
are below lower line 202 and forty-seven measured bursts
are above upper line 206. This means that approximately
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ninety percent of the measured bursts are within these
bounds, and hence the probability that a burst occurs
between said bounds 1s approximately ninety percent. Scat-
ter plot 300, FIG. 3, illustrates similar results for a shorter
time interval, and includes lines 302, 304, and 306, which
are analogous to lines 202, 204, and 206 of FIG. 2.

[0018] In the examples of FIGS. 2 and 3, approximately
twenty percent of the bursts occurred before the predicted
burst. That 1s, approximately twenty percent of the data
points 1n FIGS. 2 and 3 are below respective lines (having
slope equal to one) denoting actual burst times that equal
predicted burst times. In embodiments, a percentage of the
time interval until the next predicted burst T, are be reallo-
cated to other uses. This percentage may correspond to the
percentage of bursts occurring after the predicted burst,
which 1n the examples of FIGS. 2 and 3 is eighty percent,
which corresponds to a QoS=80%.

[0019] For a given interval of predicted bursts, the distri-
butions of measured bursts in FIGS. 2 and 3 may be {it to a
normal distribution. For example, measured bursts in FIG. 2
occurring within a time-interval 210 may be fit to a normal
distribution 212. Similarly, measured bursts in FIG. 3 within
a time-1nterval 310 may be fit to a normal distribution 312.

[0020] FIG. 4 includes four histograms 420, 440, 460, and
480 that 1illustrate distributions of measured burst times
during a time-interval of predicted burst times. Plots 420-
480 each includes a respective normal distribution 424, 444,
464, and 484 fit to a respective histogram 420, 440, 460, and
480. Normal distributions 424-484 are examples of normal
distribution 212, FIG. 2, and normal distribution 312, FIG.
3

[0021] The normal distribution of measured bursts with
respect to predicted burst-intervals T, enables use the cumu-
lative distribution function (CDF) of the normal distribution
to pick a QoS value. For example, 1n a use scenario, the
predicted time-interval until the next burst (predicted burst-
interval T,) 1s close to a previously-predicted interval T,,. In
embodiments, previously-predicted interval T, 1s determined
to be the one of P previously-predicted intervals t that 1s
closest to predicted burst-interval T, . In embodiments, pre-
dicted burst-interval T, differs from a previously-predicted
interval T, by less than a predetermined difterence or.

[0022] The normal distribution associated with previ-
ously-predicted interval T, 1s characterized by a mean-value
u, and a standard deviation o,. In such a case, channel
resources such as bandwidth may be freed for a time 1nterval
Tse. related to the CDF of the normal distribution:

CDF=Ya+Y5er[ (T 5pe—1L,)V20,,]. (11)

In embodiments, mean-value 1, and a standard deviation o,
are averages of normal distributions associated with a quan-
tity Q<P previously-predicted intervals T that, among the P
previously predicted intervals T, are closest to predicted
burst-interval T,. In embodiments, the Q previously-pre-
dicted intervals represent a top quantile of the P previously-
predicted intervals 1n terms of their proximity to predicted
burst-interval t© . The top quantile 1s, for example, a top
decile or smaller group, such as a top two percent.

[0023] The value of CDF evaluated at time interval T, 18
the probability that the next burst will occur before predicted
burst-interval T, . If a network device reallocates bandwidth
during a next-burst interval T, bursts occurring within

next-burst iterval T, decreases QoS for lack of sufficient
bandwidth to accommodate the bursts. Quality of service
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QoS may be defined as the probability of having suflicient
bandwidth during next-burst interval t,, or QoS=(1-CDF).
When CDF equals zero and one, the probability of band-
width being insuflicient during next-burst interval T, 1s
zero and one, respectively. Replacing CDF with QoS 1n
equation (11) and solving for T, yields equation (12). That
1s, for a given T, and contracted CDF=(1-QoS) the resources
are freed up for a time given by:

TV 20,erf " (1-2Q0S)+1L,,, (12)

where erf~! denotes the inverse error function.

[0024] In embodiments, the functional relationship
between CDF and QoS differs from CDF=(1-QoS). For
example, the quality-of-service metric may be a decreasing
function of the cumulative distribution function.

[0025] FIG. 5 1s a schematic of a network 500, which
includes a network device 520, a plurality of network nodes
530, a plurality of network nodes 550, and a network-traflic
burst predictor 510, hereinafter burst predictor 510. In
embodiments, burst predictor 510 1s either communicatively
coupled to, or part of, network device 520. In embodiments,
network device 520 i1s at least one of a network node, a
gateway, a router, a network switch, a network hub, and a
base transceiver station.

[0026] Network device 520 1s communicatively connected
to network nodes 530(1-M,) via a plurality of communica-
tion channels 535(1-M;). Network device 520 1s communi-
catively connected to network nodes 350(1-N,) via a plu-
rality of network channels 545(1-N.). Traflic on any one of
communication channels 535 and 555 may include network
traftic bursts, of which network-traflic bursts 110 are an
example. Trathic on any of communication channels 535 and
555 may be en route either to or from any one of network
nodes 530 and 550. In embodiments, integer M< may be less
than or equal to integer M, and integer N 1s less than or
equal to integer N,,.

[0027] In some embodiments, network 500 includes part
or all of a wireline communication network and/or a wireless
communication network. Some examples of possible wire-
line communication networks include networks operating
according to one or more of a data over cable services
interface specification (DOCSIS) protocols, digital sub-
scriber line (DSL) protocols, ethernet passive optical net-
work (EPON) protocols, gigabit passive optical network
(GPON) protocols, and radio frequency over glass (RFOG)
protocols. Some examples of possible wireless networks
include networks operating according to one or more of long
term evolution (LTE) protocols, fifth generation (5G) new
radio (NR) protocols, sixth generation (6G) protocols, Wi-F1
protocols, microwave communication protocols, and Satel-
lite communication protocols.

[0028] Burst predictor 510 includes a memory 514 com-
municatively coupled to a processor 512. Memory 514 may
be transitory and/or non-transitory and may include one or
both of volatile memory (e.g., SRAM, DRAM, computa-
tional RAM, other volatile memory, or any combination
thereol) and non-volatile memory (e.g., FLASH, ROM,
magnetic media, optical media, other non-volatile memory,
or any combination thereotf). Part or all of memory 514 may
be integrated into processor 512. Memory 514 includes
machine-readable instructions. Processor 512 1s adapted to
execute the machine-readable 1nstructions to perform func-
tions of burst predictor 510 described herein.
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[0029] FIG. 6 1s a flowchart 1llustrating a method 600 for
predicting network-traflic bursts. Method 600 may be imple-
mented within one or more aspects of burst predictor 510
and/or network device 520. In embodiments, method 600 1s
implemented by processor 512 executing computer-readable
instructions stored as software and/or firmware 1n memory

514. Method 600 includes at least one of steps 610, 620, 630,
and 640.

[0030] Step 610 includes 1dentifying, in data received by
a networking device, a plurality of network-traflic bursts,
cach of the plurality of network-traflic bursts occurring at a
respective one of plurality of burst-times {ty, tr.1, . . ., to},
N=3. In an example of step 610, one of network device 520
and burst predictor 510 detects network-traflic bursts 1n
network channel 535(1) of network 500.

[0031] Step 620 includes determining a time-interval T, of
a next burst occurring at t, after burst-time t; by determining
respective values of predicted time-interval t,, a parameter
£, and a parameter 7. Time-interval T, parameter &, and
parameter n minimize, to within a tolerance, a quantity (I,
(€, M, k)-(t,—-t,)) for at least three values of a positive integer
k=N. Parameters € and 1 are, respectively, a real part and an
imaginary part of a power-law exponent of a power law
relating predicted time-interval T, to any of the plurality of
burst-times. In an example of step 620, burst predictor 510
determines mean-predicted next-burst T from next-burst
estimates t,_s of equations (10).

[0032] In embodiments, step 620 includes at least one of
steps 622 and 624. Step 622 includes determining values
g . andm . of parameters & and ) as those that minimize,
within a predetermined tolerance a combination of (f, (€, m,
k)-(t —t,)) for k=1, 2, . .., N. Step 624 includes determining
T, as an average of burst intervals T,=t,+f, (¢ . .M __ . k), for
k=1, 2, ..., N. In an example of step 622, burst predictor
510 determines parameters € and v that minimize equations
(9) to within a predetermined tolerance. In an example of
step 620, burst predictor 624 determines mean-predicted
next-burst T from next-burst estimates t,_s of equations (10).

[0033] Step 630 includes determining, from a cumulative
distribution function of a normal distribution of previously-
identified network-traflic bursts associated with a previ-
ously-predicted burst-time T, a time-duration during which
the networking device may reallocate bandwidth according
to at least one of traflic type, a subnet mask, and IP address.
Previously-predicted burst-time T, difters from predicted
time-1nterval T, by less than a predetermined tolerance. In an
example of step 630, burst predictor 510 determines next-
burst interval T, per equations (11) and (12).

[0034] In embodiments, step 630 includes at least one of
steps 632, 634, and 636. Step 632 includes determining the
time-duration from a mean burst-time p, and a standard
deviation o, of the normal distribution. In an example of
step 632, burst predictor 510 determines next-burst interval
Tsee 10 part from equations (11) and (12), which include
mean burst-time (1, and standard deviation o,,.

[0035] Step 634 includes determining the time-duration as
\/fop erl 1(1—2QOS)+up, where QoS 1s a predetermined
metric related to a probability of having suflicient bandwidth
during the time-duration. In an example of step 634, burst
predictor 510 determines next-burst interval T, using equa-
tion (12).

[0036] Step 636 includes determining the mean burst-time
u, and the standard deviation o, by curve-fitting the previ-
ously-identified network-tratlic bursts. In a first example of
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step 636, burst predictor 510 fits normal distribution 212 to
measured tratlic bursts occurring 1n time-interval 210, FIG.
2, thereby determining a mean value and standard deviation
of normal distribution 212. In a second example of step 636,
burst predictor 510 fits normal distribution 312 to measured
traflic bursts occurring in time-interval 310, FIG. 3, thereby
determining a mean value and standard deviation of normal
distribution 312. In a third example of step 636, burst
predictor 510 fits normal distribution 424, 444, 464, and 484
to respective histograms 420, 440, 460, and 460, FIG. 4,
thereby determining a mean value and standard deviation of
normal distributions 424-484.

[0037] Step 640 includes reallocating bandwidth during
the time-duration and according to at least one of tratlic type,
a subnet mask, and IP address during the time-duration. In
an example of step 640, burst predictor 510 reallocated
bandwidth from communication channel 535(1) to one or
more communication channels 535(2-M;) during next-burst
interval T,

[0038] Changes may be made 1n the above methods and
systems without departing from the scope hereotf. It should
thus be noted that the matter contained in the above descrip-
tion or shown in the accompanying drawings should be
interpreted as illustrative and not 1n a limiting sense. Herein,
and unless otherwise indicated, the adjective “exemplary”
means serving as an example, instance, or illustration. The
following claims are intended to cover all generic and
specific features described herein, as well as all statements
of the scope of the present method and system, which, as a
matter of language, might be said to fall therebetween.

What 1s claimed 1s:
1. A method for predicting network-tratlic bursts com-
prising:
identifying, in data received by a networking device, a
plurality of network-tratlic bursts, each of the plurality
ol network-traffic bursts occurring at a respective one
of plurality of burst-times {t,, ty.1, . . . » to}, N23;
determining a time-interval T, of a next burst occurring at
T, alter burst-time t; by determining respective values
of predicted time-interval T, , a parameter &, and a
parameter 1 that minimize, to within a tolerance, a
quantity (f, (&, m, k)-(t,-t,)) for three values of a
positive integer k<N, parameters £ and 1 being, respec-
tively, a real part and an 1imaginary part of a power-law
exponent of a power law relating predicted time-inter-
val T, to any of the plurality of burst-times; and
determining, from a cumulative distribution function of a
normal distribution of previously-identified network-
traflic bursts occurring within a time-interval that
includes a previously-predicted burst-time T, similar to
predicted time-interval T, by less than a predetermined
tolerance, a time-duration during which the networking
device may reallocate bandwidth according to at least
one of tratlic type, a subnet mask, and IP address.
2. The method of claim 1, f, (€, 1, k) being proportional
to exp[n~" arctan(E/m)+km/n].
3. The method of claim 1, determining time-interval T,
including;
determining values &4, and n ., of parameters & and m as
those that minimize, within a predetermined tolerance,
a combination of If, (€, n, k)-(t -t,)| for k=1, 2, . . .,
N: and
determining T, as an average of burst intervals T,=t, +1,
(Esrn Narn k), for k=1, 2, . . ., N.
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4. The method of claim 1, determining the time-duration

comprising;
determining the time-duration from a mean burst-time Ip
and a standard deviation g, of the normal distribution.

5. The method of claim 4, further comprising determining
the time-duration as V20, erf~'(1-2QoS)+p,,, where QoS is
a predetermined metric related to a probability of having
suflicient bandwidth during the time-duration.

6. The method of claim 4, further comprising determining
the mean burst-time p, and the standard deviation o, by
curve-fitting the previously-identified network-tratlic bursts.

7. The method of claim 1, further comprising reallocating
bandwidth during the time-duration and according to at least
one of traflic type, a subnet mask, and IP address during the
time-duration.

8. The method of claim 1, the network device being
communicatively coupled to a processor and a memory
storing non-transitory computer-readable instructions that,
when executed by the processor, control the processor to
perform the i1dentifying, predicting, and determining.

9. The method of claim 1, the previously-predicted burst-
time T, being at least one of (1) different from predicted
time-interval T, by less than a predetermined tolerance and
(1) the one of a quantity of previously-predicted intervals t
that 1s closest to predicted burst-interval T,

10. A network-tratfic burst predictor comprising;

a processor communicatively coupled to a networking
device; and

a memory storing non-transitory computer-readable
instructions that, when executed by the processor, con-
trol the processor to:

identify, 1n data received by a networking device, a
plurality of network-tratlic bursts, each of the plu-
rality of network-tratlic bursts occurring at a respec-

tive one of plurality of burst-times {ty, ta (5 . . ., to},
N=3;

determine a time-interval T, of a next burst occurring at
T, after burst-time t, by determining respective val-
ues of predicted time-interval T, , a parameter €, and
a parameter 1 that minimize, to within a tolerance, a
quantity (f, (€, n, k)-(t,—t,)) for three values of a
positive integer k=N, parameters & and m being,
respectively, a real part and an 1imaginary part of a
power-law exponent of a power law relating pre-
dicted time-interval T, to any of the plurality of
burst-times; and

determine, from a cumulative distribution function of a
normal distribution of previously-identified net-
work-traflic bursts occurring within a time-interval
that includes a previously-predicted burst-time T,
similar to predicted time-interval T, by less than a
predetermined tolerance, a time-duration during
which the networking device may reallocate band-
width according to at least one of traflic type, a
subnet mask, and IP address.

11. The network-tratlic burst predictor of claim 10, the
networking device being at least one of a network node, a
gateway, a router, a network switch, a network hub, and a
base transceiver station.

12. The network-traffic burst predictor of claim 10, {, (€,
N, k) being proportional to exp[n~" arctan(E/1)+kmn/n].
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13. The network-traflic burst predictor of claim 10, the
memory further storing non-transitory computer-readable
instructions that, when executed by the processor, control
the processor to:
determine values ¢, and mg of parameters ¢ and 1 as
those that minimize, within a predetermined tolerance,
a combination of If, (&, n, k)-(t -t)l for k=1, 2, . . .,
N: and

determine T, as an average of burst intervals t,=t,+1; (&4,
Nse K), for k=1, 2, ..., N.

14. The network-traflic burst predictor of claim 10, the
memory further storing non-transitory computer-readable
instructions that, when executed by the processor, control
the processor to:

determine the time-duration from a mean burst-time p,

and a standard deviation o, ot the normal distribution.

15. The network-traflic burst predictor of claim 14, the
memory further storing non-transitory computer-readable
istructions that, when executed by the processor, control
the processor to:

determine the time-duration as \/fop erl” l(l—ZQOS)ﬂJp,

where QoS 1s a predetermined metric related to a
probability of having suflicient bandwidth during the
time-duration.
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16. The network-traflic burst predictor of claim 14, the
memory further storing non-transitory computer-readable
instructions that, when executed by the processor, control
the processor to:

determine the mean burst-time p, and the standard devia-

tion o, by curve-fitting the previously-identified net-
work-tratlic bursts.

17. The network-traflic burst predictor of claim 10, the
memory further storing non-transitory computer-readable
instructions that, when executed by the processor, control
the processor to:

reallocate bandwidth during the time-duration and
according to at least one of traflic type, a subnet mask,
and IP address during the time-duration.

18. The network-tratlic burst predictor of claim 10, the
previously-predicted burst-time T, being at least one ot (1)
different from predicted time-interval T, by less than a
predetermined tolerance and (1) the one of a quantity of
previously-predicted intervals T that 1s closest to predicted
burst-interval T,
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