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(57) ABSTRACT

A method of load-shedding in a system having a plurality of
signal sources is disclosed. The method comprises the steps
oft (a) for each signal source S, selected from a set of sources
{S,,S,. ...}, each source having state p, , selected from a set
of states {py 1, Py 2v+ s D1 a3 Po1sPans e -5 Pos - - - 1> Wherein
iis an integer greater than one, N is an integer not less than
two and ks an integer from 1 to N: (i) obtaining fractions f, ,,
wherein each 0={; ;<1 is a fraction of a signal from source S,
to be discarded if source S, is in state p, ;; and (ii) determining
respective state p, , of signal source S, based on the signal
from source S;; and (b) for each source signal S, in determined
state p, ;, discarding fraction f; ; of a signal from source S,.
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STATE-BASED LOAD SHEDDING FOR
PHYSIOLOGICAL SIGNALS

BACKGROUND

[0001] During continuous physiological monitoring,
which can play a crucial role in finding and treating asymp-
tomatic pathologies in patients, useful physiological data is
collected and analyzed. Examples of collected data include
electrocardiograms (EKG), blood oxygen levels, weight,
blood pressure and many others.

[0002] In such a setting, patients wear collecting devices.
Collecting devices transmit data to an aggregator when the
devices are within transmission range. The aggregator, in
turn, transmits the data to a remote archival and analysis
platform. Care providers are given secure access to the back
end system so they can monitor their patients, receive notifi-
cations and/or alerts, and possibly provide feedback to the
patients based on the analysis and their own expertise.
[0003] When the system’s or system components’ capacity
for handling and processing a stream of data is exceeded,
load-shedding is triggered, whereby a portion of the signal is
discarded without processing.

[0004] Existing systems that implement load-shedding
techniques either assume a priori knowledge of the value of
incoming data or revert to dropping data in a random manner.
The assumption of a priori knowledge is hard to enforce in
practice (especially in the medical domain), and random
shedding is far from optimal for many analysis algorithms.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Features and advantages of the present disclosure
will become apparent by reference to the following detailed
description and drawings, in which like reference numerals
correspond to similar, though not necessarily identical com-
ponents. For the sake of brevity, reference numerals or fea-
tures having a previously described function may not neces-
sarily be described in connection with other drawings in
which they appear. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the principles
of the invention.

[0006] FIG.1isaschematic diagram of a continuous moni-
toring system employing an embodiment of the method and
the apparatus disclosed herein;

[0007] FIG. 2 is a flow-chart showing the steps of an
embodiment of a method of detecting atrial fibrillation
events;

[0008] FIG. 3 is a flow diagram of one embodiment of the
method; and

[0009] FIG. 4 is a schematic diagram of a computer-imple-
mented system for executing an embodiment of the method.

DETAILED DESCRIPTION

[0010] Disclosed herein are a method and an apparatus for
load-shedding that are based on determination of a state of a
signal source, such as a pathological state of a patient in an
embodiment where physiological signals are being moni-
tored.

[0011] Accordingly, in one embodiment, the monitoring
system collects signals from a plurality of sources S, selected
from aset of sources {S,, S,,. .. }. Eachsource S; has state p, ,
assigned to it. Each state is selected from a set of states {p, ,,

P15 P Pais Poose o s Pos - - - }~AS used herein, i
denotes the ordinal number of a source and is an integer
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greater than one; N denotes the total number of states per each
source and is an integer not less than two; and k denotes the
ordinal number of a state of the i-th source and is an integer
from 1 toN.

[0012] The load-shedding method implemented in such a
system performs the steps of: obtaining (by receiving as an
input or computing) fractions f;,, determining respective
state p, ; of signal source S, based on the signal from source S ;
and, for each source signal S, in state p, ;, discarding fraction
f; »ofasignal from source S,. Here, each 0=f, ;<1 is a fraction

i

ofasignal from source S; to be discarded if source S, is in state
Pig

[0013] The method disclosed herein has several advantages
over prior approaches. Controlling data load allows the moni-
toring systems to be designed for processing the average,
rather than the peak data streaming rate. As a consequence,
power consumption for and total cost of the system are sig-
nificantly reduced at little or no loss of the quality of moni-
toring. It is believed that no knowledge of the intrinsic value
of the data is required for the operation of the method and the
apparatus of the present disclosure. Furthermore, embodi-
ments disclosed herein make it possible to maintain high
quality of detection of such events as atrial fibrillation even
under high load conditions by discarding data in a manner that
least affects the detection algorithms.

1. Continuous Monitoring Systems

[0014] The discussion below focuses on a continuous
monitoring system designed for monitoring physiological
data. It is to be understood however, that the method and the
apparatus described herein may be employed in any other
system used for continuously collecting data and transmitting
the collected data from a collecting device, to an aggregating
device and further to a processing and storage device.
[0015] An example of a continuous monitoring system that
employs the method and the apparatus disclosed herein is
shown in FIG. 1. Patients 101 wear data-collecting devices
1024 or 1025 that continuously collect physiological data of
interest. The data is aggregated by aggregator 104 and trans-
mitted via connection 106 to a remote analysis and archiving
platform 108 for further archiving and analysis. Care provid-
ers 112 are given secure access to remote analysis and
archiving platform 108 over connection 110 so they can
monitor their patients 101, receive notifications and/or alerts,
and possibly provide feedback to the patients based on the
analysis and their own expertise.

[0016] FIG. 2 shows a flow chart that describes a typical
analysis algorithm for detecting atrial fibrillation events
(Afib) that may be implemented in analysis and archiving
platform 108. At step 210, the patient’s electrocardiogram
(EKG) is captured. At step 212, heartbeats of the patient are
detected by analyzing his EKG signal. At step 214, the time
intervals between successive heartbeats (inter-beat intervals)
are computed. At step 216, the variance of inter-beat intervals
is computed. The variance of the inter-beat intervals is calcu-
lated either for a pre-determined time or for a pre-determined
number of detected cardiac beats.

[0017] At step 218, the portions of the EKG signals that
include high variance values are classified as atrial fibrillation
events, while the portions that include low variance values are
classified as normal sinus rhythm.

[0018] At step 220, the annotations are added to the EKG
signal so that the portions of the EKG signals that include
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high variance values are classified as atrial fibrillation events,
while low variance values are classified as normal sinus
rhythm.

[0019] At step 220, a smoothing operation is applied to the
output provided by the classification step 218 to reduce vola-
tility in the output of the classifier 218. The smoothing pro-
cedure discards portions of the EKG signal classified as atrial
fibrillation events if the duration of such portion falls below a
pre-determined threshold value T. Threshold value T can be
measured in units of time or in numbers of cardiac beats. (See
G. B. Moody and R. Mark, “A new method for detecting atrial
fibrillation using r-r intervals”, Computers in Cardiology
1983, IEEE Computer Society Press (1983), pages 227-230
and U.S. Pat. Pub. No. 20050165320). Typically, the thresh-
old number of beats is less than about 500 beats, less than
about 400 beats or, preferably, about 300 or less. Alterna-
tively, the threshold duration is less than about 15 minutes,
less than about 10 minutes or, preferably, is 5 minutes or less.
[0020] Thus, atrial fibrillation is detected.

[0021] Methods of using inter-beat interval variance for
detection of atrial fibrillation events is described, for
example, in. Moody et al. and in U.S. Pat. Pub. No.
20050165320, cited above. The entire teachings of these pub-
lications are incorporated herein by reference. In short, an
event is classified as atrial fibrillation if variance of inter-beat
intervals, computed either over a pre-determined time or over
a pre-determined number of beats, is above a threshold value
V. Typically, V is 200 (in units of standard deviation).
[0022] Alternatively, an atrial fibrillation detection method
that may be used with embodiments of the load-shedding
disclosed herein is a method disclosed in the co-pending U.S.
patent application Ser. No. 11/241,294, entitled “METHOD
AND APPARATUS FOR IMPROVING THE ACCURACY
OF ATRIAL FIBRILLATION DETECTION IN LOSSY
DATA SYSTEMS?”, filed on Sep. 29, 2005. The entire teach-
ings of this patent application are herein incorporated by
reference.

11. Load-Shedding in Continuous Monitoring System

[0023] In an environment like the one depicted in FIG. 1,
patients 101 are not expected to be within range of aggregator
104 at all times. As a consequence, devices 102a¢ and 1025
may be equipped with some amount of buffer memory for
storing the collected signal when the device is not within
transmission range. When devices 1024 and 1025 get back to
within aggregator 104 transmission range, they will burst the
already collected data to aggregator 104 which will, in turn,
transmit such date to analysis and archiving platform 108 for
analysis. In one embodiment, devices 102a and 1025 transmit
data across a wireless network 103 or the like to aggregator
104. Other networks 103 are suitable.

[0024] This bursty behavior may, in some instances, create
a problem for the design of analysis and archiving platform
108. One can design platform 108 to handle the sum of the
peak data rates of all devices such as 102a and 1025, or one
can design platform 108 to handle the sum of the average data
rate of all devices. Designing platform 108 for peak data rates
may be more than an order of magnitude more expensive than
designing platform 108 for an average data rate. Therefore,
the peak data rate design may be undesirable, especially when
chronic, non-acute pathologies are being monitored. For such
pathologies, a system that is able to shed load while main-
taining a high quality of pathology detection may be more
desirable.
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[0025] Load-shedding methods of data processing involve
discarding some data without processing. Load-shedding is
described, for example, in Reiss et al., “Data Triage: An
Adaptive Architecture for Load Shedding in TelegraphCQ”,
Proceedings of the International Conference of Data Engi-
neers (ICDE) 2005, pages 155-156; Babcock et al., “Load
Shedding for Aggregation Queries over Data Streams”, Pro-
ceedings of the 20th International Conference on Data Engi-
neering (ICDE) 2004, page 350; and Abadi et al., “The
Design of the Borealis Stream Processing Engine”, CIDR
(2005), pages 277-289. The entire teachings of these publi-
cations are incorporated herein by reference.

[0026] Prior methods of load-shedding discard data under
the assumption that the information content of that data is of
little or no interest with respect to extracting useful informa-
tion from the signal. However, deciding which portions of the
signal can be discarded without affecting the quality of detec-
tion is extremely difficult.

[0027] Disclosed herein is a method of load-shedding that
does not require a priori knowledge of the data or any assump-
tion about the informational content of the discarded data. In
one embodiment, for example, the load shedding method of
the present disclosure is employed in a cardiac monitoring
system that detects atrial fibrillation events (Afib). In this
embodiment, analysis and archiving platform 108 detects the
state of each patient (“normal” or “pathological”), for
example, using the method of FIG. 2, and issues load-shed-
ding directives (load-shedding policy).

[0028] 1t is to be understood, however, that the method
described below may be applied in other settings. In particu-
lar, the number of states of each signal source (such as normal
or pathological state of each patient being monitored) may be
any suitable number, and is not limited to two.

[0029] Load shedding may be applied to every stream (i.e.,
astream from collecting devices 102a and 1025 to aggregator
104, or a stream from aggregator 104 to analysis and
archiving platform 108, or any other data stream of the system
shown in FIG. 1 or of any other system not described herein),
or a subset of the streams. Preferably, an embodiment of the
system employs a load-shedding policy-issuing method
described in co-pending U.S. patent application Ser. No.,
entitled “METHOD AND SYSTEM FOR SHEDDING
LOAD IN PHYSIOLOGICAL SIGNALS PROCESSING”,
filed on Jan. 30, 2007 under the attorney’s docket number
200504163 (HBSR 1316.2022-000). The entire teachings of
this application are incorporated herein by reference.

1II. Embodiments of Load-Shedding Methods

[0030] Inone embodiment, the method of the present dis-
closure is based on the fact that physiological conditions
(“normal” or “pathologic™ states) of patient having chronic
conditions or disorders do not change rapidly and tend to
persist over time. Therefore, even if the exact onset of a
pathological state is missed, the time period during which that
patient’s state is pathological will be captured correctly. One
skilled in the art will readily appreciate, however, that the
method described below may be applied in other settings.
[0031] A description of one embodiment of the method will
now be given with reference to FIG. 3. In this embodiment,
each signal source S has two states p, and p,. For example,
state p, may correspond to a “normal” state and state p, may
correspond to a “pathologic” state. The signal sources S can
be, for example, data collecting devices 102a and 1025 col-
lecting data from patients 101 (see FIG. 1).
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[0032] The first time the method 300 shown in FIG. 3 is
applied, no load-shedding is performed (steps 303 and 305
are omitted). This allows for the determination and assign-
ment of states p, and p, to all sources S and inputting and
calculation of fraction f of the signal to be discarded from
each respective source S. The description below assumes that
the state of each source has been determined and assigned and
all fractions f are known.

[0033] At step 301, signal from each source S is collected
and passed to means for analysis such as analysis and
archiving platform 108 (FIG. 1).

[0034] At step 303, the state of the source S is evaluated. If
the state of source S is not p,, then no load-shedding is
performed and control is passed to step 307. If the state of
source S is p,, then pre-determined fraction f of the signal
from source S is discarded at step 305. If, for example, source
S is a patient data collecting device and the patient’s state is
“normal”, then shedding step 305 is performed. If, however,
the patient’s state is not “normal”, i.e., is “pathologic”, then
step 305 is omitted.

[0035] Fraction fcan be measured in any suitable manner.
For example, if the signal stream from source S comprises
packets, then fraction f can specify what percent of the pack-
ets is to be discarded. Alternatively, fraction fcan be inputted
or computed as a fraction of the threshold duration T
employed by step 220 (smoothing) and described above with
reference to FIG. 2. For example, if threshold duration T is 5
minutes and =0.25, then 1.25 minutes will be discarded out
of every 5 minutes of a signal. Similarly, in the embodiment
where the method of FIG. 3 is employed by an atrial fibrilla-
tion monitoring system, threshold duration T can be mea-
sured in heart beats. In this embodiment, if T=300 beats and
1=0.25, then 75 beats will be discarded out of every 300.
[0036] Atstep 307, based on the signal from each source S,
this source’s state is determined and updated. In the atrial
fibrillation monitoring system, any of the atrial fibrillation
detection methods described above may be used for the pur-
pose of determining whether source S was in a “normal” or a
“pathologic” state. The means for determining the state of
source S (such as analysis and archiving system 108 in F1G.1)
then assigns the value of the state to its respective source and
uses this value in the next comparison performed in step 303.
[0037] In step 309, fraction f is inputted or computed as
described above. The means for receiving and computing
fraction f (such as analysis and archiving system 108 in FIG.
1) then updates the value of fused in the next shedding of the
signal from source S performed in step 305.

[0038] It some embodiments, each source S may be
assigned its respective fraction f. For example, individual
patients may vary in manifesting the symptoms of a patho-
logic condition. Accordingly, it may be desirable to discard a
different fraction of the signals collected from different
patients.

[0039] In other embodiments, a state of a source may take
more than two values. For example, a patient may be in states
suchas “normal”, “mild pathology” or “severe pathology”. In
this embodiment, it may be desirable to discard different
fractions of a signal from a given patient, depending on the
state that this patient is in. Accordingly, each state of a given
source S may be assigned its own respective fraction f.
[0040] It is to be understood that, depending on a specific
embodiment, step 309 can be performed before or simulta-
neously with steps 301 and 303. For example, if the same
value of fraction fis used for all sources S and for all states of
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each source, then step 309 may be performed once, during the
initializing run of method 300 of FIG. 3, and the relative order
in which step 309 is performed is left to the discretion of those
performing the method.

[0041] Following updating the states of each source S and
fraction or fractions f, method 300 is applied again, beginning
with step 301.

[0042] Inanother embodiment, the monitoring system dis-
closed herein collects signals from a plurality of sources S,
selected from a setof sources {S,,S,, . .. }. Bach source S; has
state p, , assigned to it. Each state is selected from a set of
states {Py 1, Py -+ -+ PiaiPos Pas - -« Poys - - -} Here,d
denotes the ordinal number of a source and is an integer
greater than one; N denotes the total number of states per each
source and is an integer not less than two; and k denotes the
ordinal number of a state of the i-th source and is an integer
from 1 to N.

[0043] The load-shedding method implemented in such a
system performs the steps of: obtaining (by receiving as an
input or computing) fractions £, determining respective
statep, , of signal source S, based on the signal from source S ;
and, for each source 31gna1 S, in state p; 4, dlscardmg fraction
1, yofasignal from source S,. Here each 0=f, ;<1 isafraction

i

ofa signal from source S;to be discarded if sotirce S, 1s in state
Pis

[0044] Inoneembodiment, state p; 18 selected from a set of
states {p, |, p,»}; fraction f; , is 0; and fraction f, , is a fraction
greater than zero and less than 1. Preferably, f; , is a fraction
greater than zero and less than or equal to about 0.5.

[0045] In some embodiments, each source S, is a physi-
ological data collecting device. For example, the signal can be
an electrocardiogram signal. In such an embodiment, state
p,, can correspond to normal heart activity and state p, , can
correspond to atrial fibrillation.

[0046] In some embodiments, each source S, is assigned
state p, ; if said state p, ; has a duration above threshold dura-
tion T, ;. (See descrlptlon of smoothing at step 220, FIG. 2,
above. ) In these embodiments, fractions f, , are conputed as
fractions of threshold T, ,. For example, fraction f;, can be
less than or equal to about 50% of T, , or less than or equal to
about 25% of T, ;.

[0047] Asmentioned above, T, , can be measured in units of
time or (in the embodiments, where the signal is an electro-
cardiogram signal) in numbers of heart beats. Accordingly, in
some embodiments, T, ; is less than about 15 minutes, less
than about 10 minutes, or, preferably, about S minutes or less.
Alternatively, T, , can be about 500 heart beats, about 400
heart beats or, preferably, about 300 heart beats.

IV. Computer-Implemented System

[0048] FIG. 4 is a diagram of the internal structure of a
portion of analysis and archiving platform 108 (FIG. 1) that
can execute the load-shedding method 300 in cooperation
with Afib detection and analysis method such as method 200
described above (FIG. 2). Each component of the system
depicted in FIG. 4 is connected to system bus 79, where a bus
is a set of hardware lines used for data transfer among the
components of a computer or processing system. Also con-
nected to bus 79 are additional components 99 of platform
108 such as additional memory storage, digital processors,
network adapters and I/O device. Bus 79 is essentially a
shared conduit that connects different elements of a computer
system (e.g., processor, disk storage, memory, input/output
ports, network ports, etc.) that enables the transfer of infor-
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mation between the elements. Attached to system bus 79 is
/O device interface 82 for connecting various input and out-
put devices (e.g., keyboard, mouse, displays, printers, speak-
ers, etc.) to remote analysis and archiving platform 108. Net-
work interface 86 allows the computer to connect to various
other devices attached to a network (e.g., networks connec-
tions 106 and 110 of FIG. 1). Memory 90 provides volatile
storage for computer software instructions 92 and data 94
used to implement methods employed by the system dis-
closedherein (e.g., the Afib analysis method 200 in FIG. 2 and
the load-shedding method 300 in FIG. 3). Disk storage 95
provides non-volatile storage for computer software instruc-
tions 92 and data 94 used to implement an embodiment of
method of the present disclosure. Central processor unit 84 is
also attached to system bus 79 and provides for the execution
of computer instructions.

[0049] In one embodiment, the processor routines 92 and
data 94 (e.g., the Afib analysis method 200 in FIG. 2 and the
load-shedding method 300 in FIG. 3) are a computer program
product, including a computer readable medium (e.g., a
removable storage medium such as one or more DVD-
ROM’s, CD-ROM’s, diskettes, tapes, etc.) that provides at
least a portion of the software instructions for the system.
Computer program product that combines routines 92 and
data 94 may be installed by any suitable software installation
procedure, as is well known in the art. In another embodi-
ment, at least a portion of the software instructions may also
be downloaded over a cable, communication and/or wireless
connection. In other embodiments, the invention programs
are a computer program propagated signal product embodied
ona propagated signal on a propagation medium (e.g., a radio
wave, an infrared wave, a laser wave, a sound wave, or an
electrical wave propagated over a global network such as the
Internet, or other network(s)). Such carrier medium or signals
provide at least a portion of the software instructions for the
routines/program 92 disclosed herein.

[0050] In alternate embodiments, the propagated signal is
an analog carrier wave or a digital signal carried on the propa-
gated medium. For example, the propagated signal may be a
digitized signal propagated over a global network (e.g., the
Internet), atelecommunications network, or other network. In
one embodiment, the propagated signal is a signal that is
transmitted over the propagation medium over a period of
time, such as the instructions for a software application sent in
packets over a network over a period of milliseconds, sec-
onds, minutes, or longer. In another embodiment, the com-
puter readable medium of computer program product 92 is a
propagation medium that analysis and archiving platform 108
may receive and read, such as by receiving the propagation
medium and identifying a propagated signal embodied in the
propagation medium, as described above for computer pro-
gram propagated signal product.

[0051] Generally speaking, the term “carrier medium” or
transient carrier encompasses the foregoing transient signals,
propagated signals, propagated medium, storage medium
and/or the like.

EQUIVALENTS

[0052] While this invention has been particularly shown
and described with references to particular embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the scope of the invention encom-
passed by the appended claims.
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What is claimed is:

1. A method of load-shedding in a system having a plurality
of signal sources, said method comprising:

a. for each signal source S, selected from a set of sources

{8,,8,, ...}, each source having state p, ; selected from

a set of states {P1,15P1,2s s DI Pais Pos s o s Povs -

..}, wherein 1 is an integer greater than one, N is an

integer not less than two and k is an integer from 1 to N:

1. obtaining fractions f, ,, wherein each 0=f, <l is a
fraction of a signal from source S, to be discarded if
source S, is in state p, ;; and

ii. determining respective state p, , of signal source S,
based on the signal from source S;; and

b. for each source signal S, in determined state p, ,, discard-

ing fraction f, , of a signal from source S,.

2. The method of claim 1, wherein

state p, . is selected from a set of states {p, ,.p,}:

fraction f; ; is 0; and

fraction {, , s a fraction greater than zero and less than 1.

3. The method of claim 2 wherein £, , is a fraction greater
than zero and less than or equal to about 0.5.

4. The method of claim 2, wherein each source S; is a
physiological data collecting device.

5. The method of claim 4, wherein the signal is an electro-
cardiogram signal.

6. The method of claim 5, wherein state p, ; corresponds to
normal heart activity and state p, , corresponds to atrial fibril-
lation.

7. The method of claim 1, wherein each source S, is
assigned state p, , if said state p, , has a duration above thresh-
old duration T, ;.

8. The method of claim 7, wherein fractions f, ;, are com-
puted as fractions of threshold T ;.

9. The method of claim 8, wherein f, ;. is less than or equal
to about 50% of T, ;. ’

10. The method of claim 8, wherein 1, , is less than or equal
to about 25% of T, ;.

11. The method of claim 7, wherein T, , is less than or equal
to about 15 minutes.

12. The method of claim 7, wherein T, , is less than or equal
to about 10 minutes.

13. The method of claim 7, wherein T, ; is less than or equal
to about 5 minutes.

14. The method of claim 7, wherein the signal is an elec-
trocardiogram signal.

15. The method of claim 14 wherein T, , is about 500 heart
beats.

16. The method of claim 14 wherein T, ;. is about 400 heart
beats.

17. The method of claim 14 wherein T, ; is about 300 heart
beats.

18. A method of load-shedding in a system for continu-
ously monitoring one or more patients, said method compris-
ing:

a. for each patient having a state selected from a “normal”

state or a “pathologic” state:

1. obtaining fractions f, wherein 0=f<1 and fis a fraction
of a signal from each patient to be discarded if said
patient is in the “normal” state; and

ii. determining a respective state of the patient based on
a signal from said patient;

b. for each patient in the “normal” state discarding fraction

f of the signal from said patient.
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19. A computer system for shedding signal load in a net-

work having a plurality of devices, said system comprising;

a. means for collecting signals from signal sources S,
selected from a set of sources {S,, S,, . .. }, each source
having state p; , selected from a set of states {p; 1, p; 5, .
s PN Pa1sPogs -+ s Dot - - - | Whereini is an integer
greater than one, N is an integer not less than two and k
is an integer from 1 to N;

b. means for receiving as an input or computing fractions
f; 4» wherein each 0=f; ;<1 is a fraction of a signal from
source S, to be discarded if source S, is in state Piss

c. means for determining respective state p, ;, of each signal
source S,; and

d. means for discarding fraction 1, , of a signal from source
S, for each source signal S, in determined state p, ;.

20. The computer system of claim 19, wherein

state p, ; is selected from a set of states {p, ,, p,,};

fraction f; | is 0;

fraction ; , is a fraction greater than zero and less than 1;

the signal is an electrocardiogram signal; and

state p; ; corresponds to normal heart activity and state p, ,
corresponds to atrial fibrillation.

21. The computer system of claim 19, wherein each source

S, is assigned state p,, if said state p, , has a duration above

threshold duration T, ;.
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22. The computer system of claim 21, wherein fractions f, ,
are computed as fractions of threshold T, ,.

23. The computer system of claim 21, wherein T, , s less
than or equal to about 15 minutes.

24. The computer system of claim 21, wherein the signal is
an electrocardiogram signal, and T, ; is between about 500
and 300 heart beats.

25. A computer system for signal load-shedding in a sys-
tem for continuously monitoring one or more patients, said
system comprising:

a. means for collecting signals from each patient having
respective state selected from a “normal” state and
“pathologic” state;

b. means for receiving as an input or computing fractions f,
wherein each 0=f<1 is a fraction of a signal from each
patient to be discarded if said patient is in the “normal”
state;

o

. means for determining respective state of each patient
based on a signal from each patient; and

d. means for discarding fraction f of the signal from each
patient in the “normal” state.

* 0 ok ok ok %k
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