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SEMANTIC COMPRESSION

BACKGROUND

[0001] Many fields of human endeavor now use computing devices. Some of
these fields collect and process vast amounts of data. As an example, medical data
can grow exponentially. A medical facility may attach several sensors to an ailing or
recovering patient, e.g., heart rate monitor, blood pressure monitor, electrocardiograph
(EKG) monitor, blood content monitor, urine analysis monitor, brain activity monitor,
various other electrodes, etc. When samples are taken from these sensors at a high
frequency, the data storage requirements can become immense.

[0002] Some of this collected data can require many thousands of terabytes of
data storage space, if not more. It is now commonplace for even home computer users
to purchase hard disk drives for personal computing devices that provide a storage
capacity of 1 terabyte or more. To reduce the amount of storage space that is needed
to store data, various compression methods exist. Compression methods use a fewer
number of bits to store data than the number of bits that represent the uncompressed
data. Compressed data can thus require less storage space to store and reduced
network bandwidth to transmit the compressed data as compared to the equivalent data
prior to compression ("uncompressed data").

[0003] Many compression methods, including compression methods used to
compress medical data, are often selected without regard to the use or semantics of the
underlying original data. For example, compression methods may be selected for some
specified level of encoding to preserve values within a specified margin of error. The
former may be termed lossless compression and the latter may be termed lossy
compression. Lossless compression enables the compressed data to be expanded
with full fidelity. However, this is done at the cost of storage space or network
bandwidth. In contrast, lossy compression may need less space than lossless
compression, but expanding the compressed data may not reproduce the original
uncompressed data with as much fidelity as a lossless compression method.

-SUBSTITUTE SHEET (RULE 26)
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SUMMARY

[0004] Technology for semantic compression is disclosed. In various
embodiments, the technology receives data that represents one or more physical
attributes sensed by one or more sensors; employs at least one pattern or statistical
feature to identify a first region and a second region in the received data; computes a
first utility and a first relevant feature for the first region, and a second utility and a
second relevant feature for the second region; and identifies based on at least the first
utility and the second utility a first compression method to apply to the first region and a
second compression method to apply to the second region wherein the first and the
second compression methods have different compression rates, different feature

preservation characteristics, or both.
BRIEF DESCRIPTION OF THE DRAWINGS
[0005] Figure 1 is a block diagram illustrating an environment in which a semantic

compression technology may operate in some embodiments.

[0006] Figure 2 is a flow diagram illustrating a routine to apply semantic

compression in some embodiments.

[0007] Figure 3 is a flow diagram illustrating a routine to compress data according

to utility values applied to regions of data in some embodiments.

[0008] Figure 4 is a flow diagram illustrating a routine to select an appropriate

compression method in some embodiments.

[0009] Figure 5 is a flow diagram illustrating application of the semantic

compression technology to the field of medicine in some embodiments.

[0010] Figure 6 is a block diagram illustrating an example of a computing device
that can be arranged as a suitable computing system for use with the feedback

technology in accordance with the present disclosure.

[0011] Figure 7 is a flow diagram illustrating a semantic compression method

invoked by the technology in some embodiments.
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DETAILED DESCRIPTION

[0012] Semantic compression technology is disclosed. In various embodiments,
the semantic compression technology identifies information — either explicitly or
implicitly — derived from physical, chemical, biological, and medical laws that govern
signals recorded by sensors (e.g., sensors deployed proximate to medical patients) and
leverages the identified information to determine to what extent a particular feature in

the original and compressed signal is important for actual medical use.

[0013] Various sensors are often used to collect data, e.g., medical data from
patients. The signals from these sensors can be either collected digitally or converted
to digital numeric form, e.g., by using an analog-to-digital converter. The collected data
can then be stored, such as by a computing device. Semantic awareness of the data
can be beneficial in improving the analysis and/or compression of this data. Three
observations are provided herein, but various embodiments of the disclosed technology
may be capable of operating whether or not one or more of these observations hold
true for any particular patient. () Data can have a level of similarity that makes it
possible to treat different values as equivalent values. As an example, it may be
beneficial to know that two values (e.g., 120 and 121 for the systolic portion of a biood
pressure reading) are so similar that no meaningful difference exists between the two.
Thus, a common symbol can be used during compression to represent both 120 and
121. (ll) The collected data may also have a high correlation between the sensed
values. As an example, as the temperature of a patient or the ambient temperature
changes, the systolic portion of a blood pressure reading of the patient may also
change in a predictable manner. When multiple sensors are applied to a patient,
values collected from the sensors may thus be correlated, e.g., based on the patent's
medical condition. The data (and/or predicted data) from any two sensors may be
asymmetric, and so deciding the relative order in which sensed signals are mutually
predicted and compressed as well as how much to relatively shift each signal can
greatly improve compression ratios or preservation of important features (“feature
preservation characteristics”) of the initial signals. (lll) Because the sensed data are
the result of physical, chemical, and biological phenomena, they may not occur

randomly. As an example, it is rare for a patient's blood pressure or temperature to
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jump randomly. Indeed, it is more likely for there to be gradual changes. Such signals
may be more easily capable of prediction (and therefore optimized compression) if the
phenomena are at least partially understood and characterized. As an example,
consider sensors deployed in an athletic device, such as a shoe. There are three
natural phases for an athlete when walking, running, or jumping: taking off, landing, and
airborne. When taking off and landing, the pressure on sensors decrease or increase,
respectively. In such cases, delta compression techniques may perform well. When
airborne, the pressure is zero on all sensors and therefore run-length encoding or other

compression technique that records only non-zero (or zero) samples may be superior.

[0014] In various embodiments, the semantic compression technology can employ
semantic (e.g. relevant for accurate diagnosis or treatment) and context (e.g.
geolocation and physical time) information. A first phase is a learning and
characterization phase. In this phase, the technology can employ a computing system
to (i) analyze already collected and preprocessed data and diagnosis results to identify
a system of signal features that are most relevant for correct diagnosis; (ii) employ
statistical and/or artificial intelligence techniques to process, analyze and optionally
verify the utility of the features; and (iii) employ pattern matching and statistical
algorithms to segment the signal into two or more segments (e.g., regions) in such way
that in each of the segments, data has the same utility and/or requirements for

preservation of a system of features.

[0015] A second phase is an operational phase. In this second phase, the
semantic compression technology employs results of the learning phase to
automatically segment one or more signals in such a way that its utility and most
relevant features guide the selection of the selected compression methods that achieve
Pareto optimal compression rate, e.g., for utility tradeoff or other related objective. In
some embodiments, the technology coordinates the selection for all the segments (e.g.,

regions of data) using dynamic programming techniques.

[0016] In various embodiments, the semantic compression technology can identify
boundaries of regions of information; identify an optimal compression technique for
each region; estimate what is required in a following compression session; identify how

to make use compression rates while preserving the important features of the collected
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data; and identify how to organize recursive application of segmentation (e.g., by
"partitioning" of data into regions by identifying boundaries). Various techniques the
semantic compression technology employs to implement each of these steps will now
be described in more detail. However, one skilled in the art will understand upon
reading this detailed description that the disclosed technology can be readily adapted

for use with other techniques, whether similar or disparate.

[0017] Various techniques can be employed to identify boundaries. In some
embodiments, a human expert can initially specify important ("high utility") regions in
data and features that make the regions important, and then pattern matching
algorithms can identify the regions automatically in data received from sensors. In
some embodiments, a human expert can specify the high utility regions, and statistical
and machine learning techniques can identify relative features that make the regions
important, and then pattern matching algorithms can identify the regions automatically
in data received from sensors. In some embodiments, the semantic compression
technology employs parametric and non-parametric statistical techniques to analyze
diagnosis reports and corresponding data to identify high correlation features for each
potential disease (e.g., diagnosis), statistical and machine learning techniques to find
relative features that make the regions important, and pattern matching algorithms to

identify the regions in the signals.

[0018] To identify an optimal compression technique for each region, the semantic
compression technology employs in various embodiments statistical techniques that
measure various signal properties, e.g., entropy, entropy that tolerates a given error,
and autocorrelation with experimentally observed compression rates for a set of

compression techniques on data with similar properties.

[0019] To estimate what is required in a following compression session, the
semantic compression technology can follow (e.g., receive input on or determine)
common disease progression trends (e.g., in data received from sensors) and deduce

which type of compression is most likely most effective.

[0020] To identify how to make use compression rates while preserving the
important features of the collected data, the semantic compression technology in

various embodiments can employ statistical techniques that measure various signal
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properties, e.g., entropy, entropy that tolerates a given error, and autocorrelation with
experimentally observed ability to preserve targeted features for a set of compression

techniques on data with similar properties.

[0021] To identify how to organize recursive application of segmentation, the
semantic compression technology in various embodiments can employ iterative
searching. As an example, semantic compression technology create a set of
techniques for the first level, and then another set at each subsequent level, and

identify a subset of the best multilevel results.

[0022] In various embodiments, the semantic compression technology may identify
a compression method to apply to a region of data by employing a dynamic
programming technique. Dynamic programming involves first mapping a problem into a
graph theoretic domain wherein for each region of data, there are k alternative
compression methods, each with compression rate r; and utility u. The dynamic
programming technique finds a path from a node that connects to all options for the first
region to a node that has incoming edges from all nodes at a previous level that has the

highest compression rate for a specified sum of utilities or vice versa.

[0023] In various embodiments, the technology receives data that represents one
or more physical attributes sensed by one or more sensors; employ at least one pattern
or statistical feature to identify a first region and a second region in the received data;
compute a first utility and a first relevant feature for the first region, and a second utility
and a second relevant feature for the second region; and identify based on at least the
first utility and the second utility a first compression method to apply to the first region
and a second compression method to apply to the second region wherein the first and
the second compression methods have different compression rates or different feature
preservation characteristics. The technology can identify the first and second regions
comprises by characterizing a utility of different signal segments; identifying a unique
combination of features in each segment; and deriving one or more algorithms for
automatic feature identification using a pattern matching technique. statistical
technique, or both a pattern matching technique and a statistical technique. The
characterizing can include analyzing one or more sets of diagnosis results. An

identification of the unique combination can be received, e.g., from a human expert.
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The analysis may be done by a human expert or an expert system. The analyzing
and/or the deriving can include employing one or more dynamic programming pattern
matching or statistical techniques. The identifying can include employing a statistical
technique. The deriving can include employing a combinatorial or numerical pattern
matching technique. The technology can repeat the characterizing, identifying, and
deriving until a resulting model does not pass a learn and test criterion or a
resubstitution test, e.g., a jackknife test. At least one of the first and the second
compression methods can be selected by comparing at least one of the different
compression rates or different feature preservation characteristics after applying the
compression methods to two or more sets of data (e.g., data derived from one or more
sensors). The technology may build a statistical model based on the application of the
compression methods to the two or more sets of data and employing the statistical
model to select the compression methods. The data may be preprocessed using one
or more signal processing techniques. The signal processing technique can be at least
one of a linear transformation or a difference-based technique. When the first utility is
higher than the second utility, the first compression method can be lossless and the
second compression method can be lossy. The technology may iteratively identify
additional regions in the data until a stopping criterion is satisfied. Examples of
stopping criteria are running time of the overall procedure exceeding a threshold
specified value, lack of compression rate improvement, etc. The technology may
identify a compression method for each segment by applying a dynamic programming
technique. The technology may perform steps for receiving data from one or more
signals corresponding to one or more sensors; selecting one or more signals for
semantic compression; partitioning the selected signals into one or more regions; and
selecting a compression method for each region. The technology may control the
identification of a compression method for the first region by specifying the first utility
using a joint utility function wherein the joint utility function indicates a relative utility of
the first region if the second utility of the second region has a particular value. The first
region can relate to a first signal from a first sensor and the second region relates to a
second region from a second sensor. The utility and the joint utility functions can be
defined using probability density functions.  The utilities can be combined using
maximum likelihood expectation (MLE), minimal mean-square expected error (MSEE),
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multiple explanation variable statistical models, or other statistical techniques. The
technology can receive an iteratively updated patient diagnosis wherein the first utility is
computed based on a previous patient diagnosis and the second utility is computed
based on a current patient diagnosis. The technology can receive external data and
modify the updated patient diagnosis based on the external data. Examples of the
external data are geolocation, physical time, a recent activity of the patient, etc. The
external data can be a statistical or a numerical quantification of a current or recent

epidemic.

[0024] A large number of sensors can be used for medical applications, ranging
from simple temperature measurement devices to high resolution multiple slices
scanners that are capable of producing many gigabytes of data even in a single
session. Compression can be important in remote treatment applications, e.g., to
reduce bandwidth and latency issues. Semantic compression can be employed
wherein each segment (e.g., partition) of data from each type of sensor can be
compressed using lossless or lossy compression methods in such a way that the
impact of the compression on the most beneficial treatment is zero or at least minimal
for a given level of compression. The technology may employ a human expert,
statistical techniques, and/or or information theory techniques to determine to what

extent a particular segment of data is relevant for the treatment of the patient.

[0025] The technology can (a) receive or make a current medical diagnosis; (b)
receive or make a medical prediction; (c) receive or make an identification of
symptoms: (d) label data or receive labeling; (d) create one or more utility functions; (e)
calculate compression levels versus error characterizations for each segment; and (f)
selecting the compression technique and level for each segment (e.g., partition). One
or more of the steps (e.g., (a), (b), and (c)), may be option in various embodiments.
Various information may be determined by the technology or received, e.g., from

another system, a human expert, or an expert or statistical diagnosis system.

[0026] The diagnosis can cover not only the current patient status, but also the
most likely or comprehensive progression predictions for the patient. The predictions
can be static where the predictions are not dependent on the recorded sensor data. An

alternative is to use dynamic predictions that are triggered and considered as actual
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potential predictions only after a specific set of events detected in sensor signal
streams is observed. The diagnosis may be generic, specific for a class of patients, or
specific for an individual patients. The diagnosis may change even without sensed data.
For example, the report on the status of epidemic data collected manually or new
insights into the relevant disease may cause the change of the diagnosis and/or the

predictions of the future potential diagnoses.

[0027] Once the diagnosis is available, the technology can use data labels from
the same or other patients that are subject to the identical or similar diagnoses. The
labeling can be binary (important or unimportant) or specified using numeric or symbolic
characterization. In addition, the label or annotation may include the utilities or
conditional utilities of having a particular signal with a particular level of utility. Also, the
benefits can be a function of and and dependent on the amount of already collected

information of particular quality.

[0028] There are several options for labeling data, e.g., a human (expert) conducts
manual labeling; machine learning, statistical techniques or heuristics can be applied
for automatic labeling after an initial training phase. For example, the properties of data
streams can be used as indicators of importance. The labeling can be optimistic,
pessimistic, or done using a user-specified strategy. In the pessimistic strategy, all
samples are labeled with the highest utility unless explicit indicators for lowering the
importance are detected. The properties may be independent or conditional. For
example, conditional importance may be that if a signal A has a specified property then
signal B has the lowest utility. Finally, the importance assignment may be influenced by

the detection of a particular pattern in the sensed signals.

[0029] The utility function creation step assigns a utility to a time segment as a
function of the level of lossy compression that is used for the time segment. The
technology evaluates time segmentation and the identification of a utility score in the
presence of noise. The technology attempts to create time segments of each signal
where the utility function is constant. In various embodiments, the technology may
employ (i) motif (pattern) scanning; (i) unsupervised learning; (iii) supervised learning;

and (iv) maximum likelihood.
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[0030] In the first technique the technology can scan time signals to find one or
more types of patterns. In some embodiments, the technology permits patterns to differ
from the template according to a user specified error measure by a specific amount.
For example, motif may be the first local maximum in the signal after the local
maximum that is at least a specified amount over the average value of the signal. Once
the first local maximum is identified, the technology can include a specified number of

previous and consequent number of symbols.

[0031] The second technique is clustering, wherein the technology segments time
signals according to a set of rules. For example, the technology can partition the time
signal. Alternatively, each segment can comprise a pair of monotonically non-
decreasing and monotonically non-increasing segments. On each part of the
segmented signal, the technology may apply an unsupervised learning technique (e.g.
clustering) according to a user specified distance measure. For example, the
technology can use a k-nearest neighbors mechanism to decide to which group of
signals (with which priority) a pertinent signal segment should be assigned.
Alternatively, the technology may use a supervised learning (regression) to predict the
utility. Finally, the technology may use a maximum likelihood procedure to combine
multiple predictions for assigning utility functions. The technology in various
embodiments can employ both parametric and non-parametric statistical techniques
(e.g., motif (pattern) scanning; clustering; regression; supervised learning; maximum

likelihood from multiple characterizations; etc.)

[0032] After assigning utilities to each segmented level, the technology finds the
most suitable compression method for each specified error of compression rate. In
various embodiments, the technology can use a probability distribution or density
function of the class of segments and estimate the rate of compression using entropy
and conditional entropy. Alternatively, the technology can apply a subset of typical
compression methods and use the best obtained compression as the estimate. The
actually applied compression method does not have to be same as the best obtained
estimate, and the technology can continue a computationally intensive search for the
better compression method guided by the compression rates of representative

methods. The technology can create statistical models using either the properties of
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the signal segment or the performance of the executed compression algorithms to

predict the compression level vs. error curve.

[0033] Diagnosis-based selection can be used to allocate the compression levels
that are functions of allowed compression errors to each time segment. The technology
attempts to maximize the overall utility for a specified compression rate and optimize
compression rates while the level of utility is above the specified level. The technology
may also employ Pareto optimal options, e.g., to assign compression errors to the
segments having no other assignment that is simultaneously better both in utility and
compression level. The technology may assign a set of utility levels to each segment
for a corresponding set of error levels. If the relationship between the utility level can
be approximated using monotonic piecewise linear functions or convex functions, the
technology can solve the problem using linear programming and convex programming
respectively.  Otherwise, the problem can be solved using knapsack problem

algorithms or nonlinear programming.

[0034] Thus, the technology is capable of simultaneously compressing several
signals. The technology can process the native signal (e.g., from a sensor) before
compressing the data. For example, the technology can use delta-transformation or

any orthogonal transformation such as Fourier or discrete cosine transform.

[0035] In various embodiments, the semantic compression technology is capable
of selecting different suitable compression methods for data or regions of the data. As
an example, the semantic compression technology may select a compression method
based on a preliminary diagnosis of a patient. The preliminary diagnosis can be
specified by a user (e.g., physician, nurse, etc.) or detected automatically, such as by
using an expert system. In some embodiments, the semantic compression technology
can select a suitable compression method for data based on the diagnosis and a
corresponding model. As an example, when a patient is diagnosed with a particular
disease and a model is defined for the disease, the semantic compression technology
can use the compression method suitable for the model. The semantic compression
technology may be capable of doing this because two patients having similar health
conditions are likely to have similar biophysical characteristics, though perhaps of
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varying scale. The implementation of the semantic compression technology is not

limited by this observation, however.

[0036] The compression method may have been previously defined or may be
dynamically selected (e.g., based on how well the data is capable of being
compressed). The model may specify, for one or more diseases, which data is more
important than other data. As an example, heart rate, heart rhythm, and blood pressure
may be more important for cardiac disease patients than iron content in blood. In such
a case, when a patient is preliminarily diagnosed as being a cardiac disease patient,
the semantic compression technology may compress heart rate, heart rhythm, and
blood pressure with lossless compression and iron content with lossy compression. In
various embodiments, the semantic compression technology can identify regions of the
data that may be more important than other regions. As an example, a first portion of
heart rhythm data may be more important than a second portion. The semantic
compression technology may then compress the more important regions using a first
compression method (e.g., a lossless method) and the less important regions using a
second compression method (e.g., a lossy method). Thus, the semantic compression
technology may employ storage space more efficiently than completely lossless
compression methods, yet may be able to expand important regions of data that has

been compressed with higher fidelity than lossy compression methods.

[0037] In various embodiments, regions of data can be portions of data from a
single sensor or from multiple sensors. As an example, data from a heart rate monitor
can be a first part and data from a blood pressure monitor can be a second part.
Alternatively, various portions of data from an EKG can be separate parts. One skilled
in the art will understand that data can be apportioned into different regions in multiple

different ways.

[0038] The semantic compression technology may employ models (e.g., semantic
models) that describe the data. As an example, a model may describe that the data to
be compressed relates to information sensed from EKG sensors. The model may
specify the relative importance of different regions of the data. The model may also
specify which compression methods to use for each region. The model can be defined

statically, conditionally, or interactively.
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[0039] In static model definitions, the model may a priori specify which regions of
the data are important. As an example, a static model may specify that data collected
from a patient preliminarily diagnosed as having cardiac arrhythmia should use a
lossless compression method for a P-wave region of the EKG signal and a lossy
compression method for the remaining regions (e.g., Q-, R-, S-, and T-wave regions) of
the EKG signal.

[0040] In conditional model definitions, the model may specify that the importance
of regions may depend on the data to be compressed. As an example, a healthy
patient's heart rate may normally be compressed using a lossy compression method
because the heart rate will typically not fluctuate significantly when the patient is sitting
in a chair or lying in bed. A conditional model may specify that if the healthy patient's
heart rate does fluctuate significantly, it should be compressed using a lossless

compression method.

[0041] In interactive model definitions, a user or an automated process may
specify which regions of data are more important than other regions. As an example, a
physician or scientist may specify that a particular region of data is more important than
another region of data. Alternatively, an expert system or some other automated
process may specify that a particular region of data is more important than another
region of data. As an example, the user or expert system may specify regions of
important data based on a preliminary diagnosis of a patient. In some embodiments,
the expert system may also first determine what the preliminary diagnosis is based on

the data to be compressed.

[0042] The semantic compression technology may identify bounds of a region and
a utility value for each bounded region. A bound of a region can be identified based on
an understanding of the underlying data. As an example, bounds of an EKG can be
used to identify a P-, Q-, R-, S-, and/or T-wave regions of an EKG signal. The bounds
can be identified based on specified criteria for the bounds. As an example, the criteria
for an EKG signal may specify that a P-wave is that region of the EKG signal preceding
a local low (Q) of the EKG signal immediately preceding a high point of the EKG signal
(R).
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[0043] The semantic compression technology may then receive a utility value for
each region. A utility value for a region of data can represent a relative importance of
the region as compared to other regions of the data. The utility can be based on a
preliminary diagnosis of the patient. As an example, the P-wave region of an EKG
signal may have a higher utility for a patient with cardiac arrhythmia than other regions
of the EKG signal. In contrast, the T-wave region of the EKG signal may have a higher
utility for a patient with coronary ischemia or central nervous system disorders than

other regions of the EKG signal.

[0044] The semantic compression technology can associate a model with each
preliminary diagnosis. The model can specify how to identify regions of data (e.g.,
bounds for each region) and the utility for each region. The model can also specify

which compression method to use for each region.

[0045] In some embodiments, the semantic compression technology can be
deployed in medical environments. In such environments, some patients can receive a
preliminary diagnosis of being healthy while other patients may receive a preliminary
diagnosis of being ill (i.e., unhealthy). The healthy or ill classifications may be received
for certain regions of the patient's body. For example, a heart patient may have healthy
lungs but an unhealthy heart, whereas an ulcer patient may be completely healthy
everywhere but in the digestive tract. Different sensors may be attached to patients to
collect data, such as during a routine physical checkup or an extended hospital stay.
The sensors may be attached to the patient's skin or other parts of the patient's body.
The semantic compression technology may employ the preliminary diagnosis to select
various compression methods. For example, the semantic compression technology
may select a lossless compression method to compress heart-related data for the heart
patient, but may select a lossy compression method to compress other data. The
semantic compression technology may also select compression methods on a more
granular basis. As an example, the heart patient may be preliminarily diagnosed as
having cardiac arrhythmia. In such a case, a model may indicate that a P-wave region
of the patient's EKG reading is more important than other regions of the EKG reading.

The semantic compression technology may then compress regions of the EKG signal
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other than the P-wave region using a lossy compression method and may compress

the P-wave region using a lossless compression method.

[0046] In various embodiments, the semantic compression technology can receive
from a user or determine, e.g., using an expert system (a) a preliminary medical
diagnosis for a patient; (b) a medical prediction for the patient; and (c) an identification
of symptoms. The semantic compression technology may then (d) identify regions of
data; create a utility function; and (f) identify appropriate compression methods for each

region of data.

[0047] The preliminary medical diagnosis may be generic, specific for a class of
patients, or specific for an individual patient. The diagnosis may change based on one
or more factors external to the patient. As an example, a report on the status of
epidemic data or new insights into a disease relevant to the patient's prior diagnosis of
a disease may cause the change of the diagnosis for one or more patients. As an
example, if a patient has a high fever, coughing, and respiratory difficulty and is in an
area where there is an influenza epidemic relating to a particularly virulent variety (e.g.,
"H1N1"), the semantic compression technology may change the diagnosis for one or
more patients to indicate the influenza. If a patient has received a preliminary diagnosis
of cardiac arrhythmia and research indicates that mild temperature associated with
cardiac arrhythmia is indicative of a specific other problem, the semantic compression
technology may change the diagnosis for a cardiac arrhythmia patient who has a mild

temperature to identify the specific other problem.

[0048] The medical predictions can be static or dynamic. When a medical
prediction is static, it may not depend on data recorded from sensors about the patient.
When the medical prediction is dynamic, it may be triggered by a set of events

occurring in the data recorded from the sensors.

[0049] The semantic compression technology may then annotate the recorded
data for the patient using a model or other prior diagnoses that are similar. The
annotations can be binary (e.g., "important” or "unimportant”) or can be specified using
numeric or symbolic characterization. In addition, the annotations may specify the
utilities or conditional utilities. In various embodiments, the annotations can be applied

manually or automatically. As an example of manual application, a user can apply the
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annotations. As an example of automatic application, the semantic compression
technology may automatically apply annotations, for example, by employing techniques
such as machine learning, statistical techniques or heuristics after an initial "machine
learning" period. The annotations can be applied using an optimistic, a pessimistic, or
a user-specified strategy. In the optimistic strategy, some regions of data (e.g., data
from some sensors) are annotated with a high utility value. In the pessimistic strategy,
all regions of data are labeled with the highest utility unless an explicit indicator for
lowering the importance is detected. In the user-specified strategy, a user can set or
reset the utility values. These annotations may be specified independently or
conditionally. As an example of conditional specification, if a region of data recorded
from a first sensor has a specified property, a region of data may receive a high utility.
The utility for a region of data may also be influenced by detection of a pattern in the
data.

[0050] The utility can be specified as a function of the level of "lossiness” of the
compression that is used for a region (e.g., time segment). In various embodiments,
the semantic compression technology attempts to identify time segments to divide the
recorded data such that the utility function remains constant within each time segment.
To do this, the semantic compression technology can employ (i) motif (or pattern)
scanning; (i) unsupervised learning; (iii) supervised learning; and/or (iv) maximum
likelihood. In motif scanning, the semantic compression technology can scan the
recorded data to find one or more types of patterns in the data. As an example, the
motif may be the first local maximum in the signal from a sensor after the local
maximum that is at least a specified amount more than the average value of the signal.
In unsupervised learning, the semantic compression technology may segment the data
into regions according to a set of rules. As an example, it can cluster the data so that
each segment includes data near a value and a specified count of the nearest
neighboring data samples may be assigned to that segment. In supervised learning,
the semantic compression technology can employ support vector machines or other
machine learning techniques to divide the data. The semantic compression technology
may use maximum likelihood estimation procedures to combine multiple predictions for

assigning utility functions.
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[0051] After assigning utility to each of the regions of data, the semantic
compression technology can attempt to find the most suitable compression method for
each specified error of the compression rate for each region of data. In various
embodiments, the semantic compression technology can employ probability distribution
functions to estimate the rate compression using entropy or conditional entropy, apply a
subset of typical compression methods and use the best obtained compression as the

estimate, etc.

[0052] The semantic compression technology may select a compression method
that satisfies various objectives, e.g., reduced storage space, low error, etc. In various
embodiments, the semantic compression technology may attempt to maximize the
overall utility for a specified compression rate. A compression rate can be expressed
as the comparison between the original uncompressed data and the compressed data.
The semantic compression technology may attempt to optimize the compression rate
while still keeping the utility value above a specified value, e.g., by using Pareto
optimization, knapsack optimization, linear programming, nonlinear programming, or

other techniques generally known in the art.

[0053] The technology will now be described with reference to the Figures
("drawings"). In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof. In the drawings, similar symbols
typically identify similar components, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings, and claims are not meant
to be limiting. Other embodiments may be utilized, and other changes may be made,
without departing from the spirit or scope of the subject matter presented herein. It will
be readily understood that the aspects of the present disclosure, as generally described
herein, and illustrated in the Figures, can be arranged, substituted, combined,
separated, and designed in a wide variety of different configurations, all of which are

explicitly contemplated herein.

[0054] Figure 1 is a block diagram illustrating an environment 100 in which a
semantic compression technology may operate. In various embodiments, environment
100 can include one or more sensors 140 and components 160. Sensors 104a — 104n

are shown in sensors 140 by way of example and one skilled in the art will appreciate
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that there may be a different number of sensors in sensors 140. As examples, sensors
104A, 104B, and 104C may receive a patient's EKG signals; sensor 104D may receive
the patient's temperature; and sensor 104n may receive data about the patient's blood
content. Components 160 can include a data collector 102, a data storage 106, a
region identifier 108, models 110, and an expert system 112. Data collector 102 can
collect data from sensors 140. Data storage 106 can store the collected data, such as
in a database, hard disk drive, network location, memory location, etc. Region identifier
108 can identify regions within the collected data. One or more models 110 can
provide information that can be used to appropriately compress data, such as
information for identifying regions and which compression method to use for each
region. Expert system 112 can provide a preliminary diagnosis, such as by analyzing

the collected data.

[0055] Figure 2 is a flow diagram illustrating a routine 200 to apply semantic
compression in some embodiments. Routine 200 begins at block 202. At block 204,
the routine provides data to an expert system. The data is associated with a patient
and can be, e.g., data collected from sensors. As an example, the routine provides
data previously received and stored to the expert system. At block 206, the routine
receives a preliminary diagnosis from the expert system. In some embodiments,
routine 200 does not employ an expert system at block 204 and instead receives the
preliminary diagnosis at block 206 from, for example, a user. At block 208, the routine
identifies important regions in the data. As an example, the routine may employ region
identifier 108 and model 110, which are illustrated above in relation to Figure 1, to
identify the regions. At block 210, the routine invokes a subroutine to compress the
received and stored data according to the identification of the regions. This subroutine

is described below in relation to Figure 3. The routine returns at block 212.

[0056] Those skilled in the art will appreciate that the steps shown in Figure 2 and
in each of the flow diagrams discussed herein may be altered in a variety of ways. For
example, the order of the logic may be rearranged; substeps may be performed in
parallel; shown logic may be omitted, or other logic may be included; etc. One skilled in
the art will appreciate that, for this and other processes and methods disclosed herein,

the functions performed in the processes and methods may be implemented in differing
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order. Furthermore, the outlined steps and operations are only provided as examples,
and some of the steps and operations may be optional, combined into fewer steps and
operations, or expanded into additional steps and operations without detracting from

the essence of the disclosed embodiments.

[0057] Figure 3 is a flow diagram illustrating a routine 300 to compress data
according to utility values applied to regions of data in some embodiments. Routine
300 begins at block 302. At block 304, the routine receives previously stored data and
region information. In various embodiments, the routine may execute in real time, in
which case it may receive data collected in real time. At block 306, the routine
computes an entropy for each region. In some embodiments, the entropy may be

computed using formula

H(X) = -sum(p(x) log (p(x)))

where H(x) is the entropy, p(x) is the probability mass function for the data over all
values of x, and sum(Y) is the sum of all values in Y. At block 308, the routine
computes the utility for each region. In various embodiments, the utility may be
specified by a model for the preliminary diagnosis. The utility for any given region X

may be represented by the formula:
U(X)

At block 310, the routine computes a rating for each region. In some embodiments, the
rating may be a function of the utility and the entropy for a region and may be computed

using formula
R(X) = U(X) / H(X)

At block 312, the routine compresses the data according to the rating. As an example,
the routine may apply a lossless compression method to a region that has a high rating
and a lossy compression method to a region that has a lower rating. In some
embodiments, the routine may apply lossless compression to data contained in regions
with ratings higher than a specified threshold. At block 314, the routine returns.

[0058] Figure 4 is a flow diagram illustrating a routine 400 to select an appropriate
compression method in some embodiments. Routine 400 begins at block 402. At
block 404, the routine compresses data according to a first compression method. At
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decision block 406, the routine determines whether there are more compression
methods that can be attempted. If there are more compression methods that can be
attempted, the routine continues at block 408. Otherwise, the routine continues at
block 410. At block 408, the routine selects a next compression method and
compresses the data according to the selected compression method. The routine then
continues at decision block 406. At block 410, the routine selects an appropriate
compression method. As an example, the routine may select a compression method
that achieves a specified objective, such as low error and high compression. The

routine then returns at block 412.

[0059] Figure 5 is a flow diagram illustrating application of the semantic
compression technology to the field of medicine in some embodiments. At block 502,
the semantic compression technology receives EKG signal data 502 from one or more
heart sensors. At block 504, the semantic compression technology receives a
preliminary diagnosis of cardiac arrhythmia. At block 506, the routine determines from
a model that, based on the preliminary diagnosis of cardiac arrhythmia, a P-wave
region of the received data has a higher rating than other regions of the received data.
At block 508, the routine selects a compression algorithm for the P-wave region that
provides lossless compression 510a and a different compression algorithm for the other

regions of the received data that provides lossy compression 510b.

[0060] Figure 6 is a block diagram illustrating an example of a computing device
that can be arranged as a suitable computing system for use with the semantic
compression technology in accordance with the present disclosure. In a very basic
configuration 602, computing device 600 typically includes one or more processors 604
and a system memory 606. A memory bus 608 may be used for communicating

between processor 604 and system memory 606.

[0061] Depending on the desired configuration, processor 604 may be of any type
including but not limited to a microprocessor (uP), a microcontroller (uC), a digital signal
processor (DSP), or any combination thereof. Processor 604 may include one more
levels of caching, such as a level one cache 610 and a level two cache 612, a
processor core 614, and registers 616. An example processor core 614 may include an

arithmetic logic unit (ALU), a floating point unit (FPU), a digital signal processing core
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(DSP Core), or any combination thereof. An example memory controller 618 may also
be used with processor 604, or in some implementations memory controller 618 may be

an internal part of processor 604.

[0062] Depending on the desired configuration, system memory 606 may be of
any type including but not limited to volatile memory (such as RAM), non-volatile
memory (such as ROM, flash memory, etc.) or any combination thereof. System
memory 606 may include an operating system 620, one or more applications 622, and
program data 624. Application 622 may include one or more components (e.g., a
region identifier 626) that are arranged to generate and maintain models as described
herein. The software components may employ hardware devices, such as sensors.
Program data 624 may include models/historical data/other data 628 that may be useful
for generating and maintaining models. In some embodiments, application 622 may be
arranged to operate with program data 624 on operating system 620. This described
basic configuration 602 is illustrated in FIG. 6 by those components within the inner

dashed line.

[0063] Computing device 600 may have additional features or functionality, and
additional interfaces to facilitate communications between basic configuration 602 and
any required devices and interfaces. For example, a bus/interface controller 630 may
be used to facilitate communications between basic configuration 602 and one or more
data storage devices 632 via a storage interface bus 634. Data storage devices 632
may be removable storage devices 636, non-removable storage devices 638, or a
combination thereof. Examples of removable storage and non-removable storage
devices include magnetic disk devices such as flexible disk drives and hard-disk drives
(HDD), optical disk drives such as compact disk (CD) drives or digital versatile disk
(DVD) drives, solid state drives (SSD), and tape drives to name a few. Example
computer storage media may include volatile and nonvolatile, removable and non-
removable media implemented in any method or technology for storage of information,
such as computer readable instructions, data structures, program modules, or other

data.

[0064] System memory 606, removable storage devices 636 and non-removable

storage devices 638 are examples of computer storage media. Computer storage
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media includes, but is not limited to, RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, digital versatile disks (DVD) or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which may be used to store the desired information and
which may be accessed by computing device 600. Any such computer storage media

may be part of computing device 600.

[0065] Computing device 600 may also include an interface bus 640 for facilitating
communication from various interface devices (e.g., output devices 642, peripheral
interfaces 644, and communication devices 646) to basic configuration 602 via
bus/interface controller 630. Example output devices 642 include a graphics
processing unit 648 and an audio processing unit 650, which may be configured to
communicate to various external devices such as a display or speakers via one or more
ANV ports 652. Example peripheral interfaces 644 include a serial interface controller
654 or a parallel interface controller 656, which may be configured to communicate with
external devices such as input devices (e.g., keyboard, mouse, pen, voice input device,
touch input device, etc.) or other peripheral devices (e.g., printer, scanner, etc.) via one
or more 1/O ports 658. An example communication device 646 includes a network
controller 660, which may be arranged to facilitate communications with one or more
other computing devices 662 over a network communication link via one or more

communication ports 664.

[0066] The network communication link may be one example of a communication
media. Communication media may typically be embodied by computer readable
instructions, data structures, program modules, or other data in a modulated data
signal, such as a carrier wave or other transport mechanism, and may include any
information delivery media. A “modulated data signal” may be a signal that has one or
more of its characteristics set or changed in such a manner as to encode information in
the signal. By way of example, and not limitation, communication media may include
wired media such as a wired network or direct-wired connection, and wireless media
such as acoustic, radio frequency (RF), microwave, infrared (IR) and other wireless
media. The term computer readable media as used herein may include both storage

media and communication media.
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[0067] Computing device 600 may be implemented as a portion of a small-form
factor portable (or mobile) electronic device such as a cell phone, a personal data
assistant (PDA), a personal media player device, a wireless web-watch device, a
personal headset device, an application specific device, or a hybrid device that include
any of the above functions. Computing device 600 may also be implemented as a
personal computer including both laptop computer and non-laptop computer

configurations.

[0068] The present disclosure is not to be limited in terms of the particular
embodiments described in this application, which are intended as illustrations of various
aspects. Many modifications and variations can be made without departing from its
spirit and scope, as will be apparent to those skilled in the art. Functionally equivalent
methods and apparatuses within the scope of the disclosure, in addition to those
enumerated herein, will be apparent to those skilled in the art from the foregoing
descriptions. Such modifications and variations are intended to fall within the scope of
the appended claims. The present disclosure is to be limited only by the terms of the
appended claims, along with the full scope of equivalents to which such claims are
entitled. 1t is to be understood that this disclosure is not limited to particular methods,
systems, or other specific examples or embodiments disclosed herein. It is also to be
understood that the terminology used herein is for the purpose of describing particular

embodiments only, and is not intended to be limiting.

[0069] In an illustrative embodiment, any of the operations, processes, etc.
described herein can be implemented as computer-readable instructions stored on a
computer-readable medium. The computer-readable instructions can be executed by a

processor of a mobile unit, a network element, and/or any other computing device.

[0070] There is little distinction left between hardware and software
implementations of aspects of systems; the use of hardware or software is generally
(but not always, in that in certain contexts the choice between hardware and software
can become significant) a design choice representing cost vs. efficiency tradeoffs.
There are various vehicles by which processes and/or systems and/or other
technologies described herein can be effected (e.g., hardware, software, and/or

firmware), and that the preferred vehicle will vary with the context in which the
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processes and/or systems and/or other technologies are deployed. For example, if an
implementer determines that speed and accuracy are paramount, the implementer may
opt for a mainly hardware and/or firmware vehicle; if flexibility is paramount, the
implementer may opt for a mainly software implementation; or, yet again alternatively,

the implementer may opt for some combination of hardware, software, and/or firmware.

[0071] Figure 7 is a flow diagram illustrating a semantic compression method
invoked by the technology in some embodiments. The method begins at block 702. At
lock 704, the method receives data that represents one or more physical attributes
sensed by one or more sensors. At block 706, the method identifies a first region and a
second region in the received data, e.g., by employing at least one pattern or statistical
feature. At block 708, the method computes a first utility and a first relevant feature for
the first region, and a second utility and a second relevant feature for the second
region. At block 710, the method identifies based on at least the first utility and the
second utility a first compression method to apply to the first region and a second
compression method to apply to the second region wherein the first and the second
compression methods have different compression rates or different feature preservation

characteristics. At block 712, the method returns.

[0072] The foregoing detailed description has set forth various embodiments of the
devices and/or processes via the use of block diagrams, flowcharts, and/or examples.
Insofar as such block diagrams, flowcharts, and/or examples contain one or more
functions and/or operations, it will be understood by those within the art that each
function and/or operation within such block diagrams, flowcharts, or examples can be
implemented, individually and/or collectively, by a wide range of hardware, software,
firmware, or virtually any combination thereof. In one embodiment, several portions of
the subject matter described herein may be implemented via Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs), digital signal
processors (DSPs), or other integrated formats. However, those skilled in the art will
recognize that some aspects of the embodiments disclosed herein, in whole or in part,
can be equivalently implemented in integrated circuits, as one or more computer
programs running on one or more computers (e.g., as one or more programs running

on one or more computer systems), as one or more programs running on one or more
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processors (e.g., as one or more programs running on one or More Microprocessors),
as firmware, or as virtually any combination thereof, and that designing the circuitry
and/or writing the code for the software and or firmware would be well within the skill of
one of skill in the art in light of this disclosure. In addition, those skilled in the art will
appreciate that the mechanisms of the subject matter described herein are capable of
being distributed as a program product in a variety of forms, and that an illustrative
embodiment of the subject matter described herein applies regardiess of the particular
type of signal bearing medium used to actually carry out the distribution. Examples of a
signal bearing medium include, but are not limited to, the following: a recordable type
medium such as a floppy disk, a hard disk drive, a CD, a DVD, a digital tape, a
computer memory, etc.; and a transmission type medium such as a digital and/or an
analog communication medium (e.g., a fiber optic cable, a waveguide, a wired

communications link, a wireless communication link, etc.).

[0073] Those skilled in the art will recognize that it is common within the art to
describe devices and/or processes in the fashion set forth herein, and thereafter use
engineering practices to integrate such described devices and/or processes into data
processing systems. That is, at least a portion of the devices and/or processes
described herein can be integrated into a data processing system via a reasonable
amount of experimentation. Those having skill in the art will recognize that a typical
data processing system generally includes one or more of a system unit housing, a
video display device, a memory such as volatile and non-volatile memory, processors
such as microprocessors and digital signal processors, computational entities such as
operating systems, drivers, graphical user interfaces, and applications programs, one or
more interaction devices, such as a touch pad or screen, and/or control systems
including feedback loops and control motors (e.g., feedback for sensing position and/or
velocity; control motors for moving and/or adjusting components and/or quantities). A
typical data processing system may be implemented utilizing any suitable commercially
available components, such as those typically found in data computing/communication

and/or network computing/communication systems.

[0074] The herein described subject matter sometimes illustrates different

components contained within, or connected with, different other components. It is to be
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understood that such depicted architectures are merely examples, and that in fact many
other architectures can be implemented which achieve the same functionality. In a
conceptual sense, any arrangement of components to achieve the same functionality is
effectively "associated" such that the desired functionality is achieved. Hence, any two
components herein combined to achieve a particular functionality can be seen as
"associated with" each other such that the desired functionality is achieved, irrespective
of architectures or intermedial components. Likewise, any two components so
associated can also be viewed as being "operably connected", or "operably coupled”, to
each other to achieve the desired functionality, and any two components capable of
being so associated can also be viewed as being "operably couplable”, to each other to
achieve the desired functionality. Specific examples of operably couplable include but
are not limited to physically mateable and/or physically interacting components and/or
wirelessly interactable and/or wirelessly interacting components and/or logically

interacting and/or logically interactable components.

[0075] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or
from the singular to the plural as is appropriate to the context and/or application. The
various singular/plural permutations may be expressly set forth herein for sake of

clarity.

[0076] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims) are
generally intended as "open" terms (e.g., the term "including” should be interpreted as
"including but not limited to," the term "having" should be interpreted as "having at
least," the term "includes" should be interpreted as "includes but is not limited to," etc.).
It will be further understood by those within the art that if a specific number of an
introduced claim recitation is intended, such an intent will be explicitly recited in the
claim, and in the absence of such recitation no such intent is present. For example, as
an aid to understanding, the following appended claims may contain usage of the
introductory phrases "at least one" and "one or more" to introduce claim recitations.
However, the use of such phrases should not be construed to imply that the

introduction of a claim recitation by the indefinite articles "a" or "an" limits any particular
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claim containing such introduced claim recitation to embodiments containing only one
such recitation, even when the same claim includes the introductory phrases "one or
more" or "at least one" and indefinite articles such as "a" or "an" (e.g., "a" and/or "an"
should be interpreted to mean "at least one" or "one or more"); the same holds true for
the use of definite articles used to introduce claim recitations. In addition, even if a
specific number of an introduced claim recitation is explicitly recited, those skilled in the
art will recognize that such recitation should be interpreted to mean at least the recited
number (e.g., the bare recitation of "two recitations," without other modifiers, means at
least two recitations, or two or more recitations). Furthermore, in those instances
where a convention analogous to "at least one of A, B, and C, etc." is used, in general
such a construction is intended in the sense one having skill in the art would
understand the convention (e.g., " a system having at least one of A, B, and C" would
include but not be limited to systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B, and C together, etc.). In
those instances where a convention analogous to "at least one of A, B, or C, etc." is
used, in general such a construction is intended in the sense one having skill in the art
would understand the convention (e.g., " a system having at least one of A, B, or C"
would include but not be limited to systems that have A alone, B alone, C alone, A and
B together, A and C together, B and C together, and/or A, B, and C together, etc.). It
will be further understood by those within the art that virtually any disjunctive word
and/or phrase presenting two or more alternative terms, whether in the description,
claims, or drawings, should be understood to contemplate the possibilities of including
one of the terms, either of the terms, or both terms. For example, the phrase "A or B"

will be understood to include the possibilities of "A" or "B" or "A and B."

[0077] In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure is
also thereby described in terms of any individual member or subgroup of members of

the Markush group.

[0078] As will be understood by one skilled in the art, for any and all purposes,
such as in terms of providing a written description, all ranges disclosed herein also

encompass any and all possible subranges and combinations of subranges thereof.
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Any listed range can be easily recognized as sufficiently describing and enabling the
same range being broken down into at least equal halves, thirds, quarters, fifths, tenths,
etc. As a non-limiting example, each range discussed herein can be readily broken
down into a lower third, middle third and upper third, etc. As will also be understood by
one skilled in the art all language such as "up to," "at least,” and the like include the
number recited and refer to ranges which can be subsequently broken down into
subranges as discussed above. Finally, as will be understood by one skilled in the art,
a range includes each individual member. Thus, for example, a group having 1-3 cells
refers to groups having 1, 2, or 3 cells. Similarly, a group having 1-5 cells refers to

groups having 1, 2, 3, 4, or 5 cells, and so forth.

[0079] From the foregoing, it will be appreciated that various embodiments of the
present disclosure have been described herein for purposes of illustration, and that
various modifications may be made without departing from the scope and spirit of the
present disclosure. Accordingly, the various embodiments disclosed herein are not
intended to be limiting, with the true scope and spirit being indicated by the following
claims.
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CLAIMS
I/We claim:
1. A method performed by a computing device for compressing data,
comprising:

receiving data that represents one or more physical attributes sensed by one or
more Sensors;

identifying a first region and a second region in the received data by employing
at least one pattern or statistical feature;

computing a first utility and a first relevant feature for the first region, and a
second utility and a second relevant feature for the second region; and

identifying based on at least the first utility and the second utility a first
compression method to apply to the first region and a second
compression method to apply to the second region wherein the first and
the second compression methods have different compression rates or

different feature preservation characteristics.

2. The method of claim 1 wherein identifying the first and second regions
comprises:
characterizing a utility of different signal segments;
identifying a unique combination of features in each segment; and
deriving one or more algorithms for automatic feature identification using a
pattern matching technique. statistical technique, or both a pattern

matching technique and a statistical technique.

3. The method of claim 2 wherein the characterizing comprises analyzing

one or more sets of diagnosis results.

4. The method of claim 2 wherein an identification of the unique combination

is received.
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5. The method of claim 2 wherein at least one of the analyzing or the
deriving comprises employing one or more dynamic programming pattern matching or

statistical techniques.

6. The method of claim 2 wherein the identifying comprises employing a

statistical technique.

7. The method of claim 2 wherein the deriving comprises employing a

combinatorial or numerical pattern matching technique.

8. The method of claim 2 further comprising repeating the characterizing,

identifying, and deriving until a resulting model does not pass a learn and test criterion.

9. The method of claim 2 further comprising repeating the characterizing,

identifying, and deriving until a resulting model does not pass a resubstitution test.

10. The method of claim 9 wherein the resubstitution test is a jackknife

resubstitution test.

11.  The method of claim 1 wherein at least one of the first and the second
compression methods is selected by comparing at least one of the different
compression rates or different feature preservation characteristics after applying the

compression methods to two or more sets of data.
12.  The method of claim 11 further comprising building a statistical model
based on the application of the compression methods to the two or more sets of data

and employing the statistical model to select the compression methods.

13. The method of claim 1 wherein the data is preprocessed using one or

more signal processing techniques.
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14. The method of claim 13 wherein the signal processing technique is at

least one of a linear transformation or a difference-based technique.

15.  The method of claim 1 wherein the first utility is higher than the second
utility and the first compression method is lossless and the second compression

method is lossy.

16. The method of claim 1 further comprising iteratively identifying additional

regions in the data until a stopping criterion is satisfied.

17.  The method of claim 16 wherein the stopping criterion is at least one of a

running time of the overall procedure or a lack of compression rate improvement.

18.  The method of claim 1 wherein identifying a compression method for each

segment comprises applying a dynamic programming technique.

19. The method of claim 1 further comprising:

receiving data from one or more signals corresponding to one or more sensors;
selecting one or more signals for semantic compression;

partitioning the selected signals into one or more regions; and

selecting a compression method for each region.

20. The method of claim 1 wherein the identifying of a compression method
for the first region is controlled by specifying the first utility using a joint utility function
wherein the joint utility function indicates a relative utility of the first region if the second

utility of the second region has a particular value.
21.  The method of claim 20 wherein the first region relates to a first signal

from a first sensor and the second region relates to a second region from a second

sensor.
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22. The method of claim 20 wherein the utility and the joint utility functions are

defined using probability density functions.

23. The method of claim 22 wherein utilities are combined using maximum
likelihood expectation (MLE), minimal mean-square expected error (MSEE), or multiple

explanation variable statistical models.

24. The method of claim 1 further comprising receiving an iteratively updated
patient diagnosis wherein the first utility is computed based on a previous patient

diagnosis and the second utility is computed based on a current patient diagnosis.

25. The method of claim 1 further comprising receiving external data and

modifying the updated patient diagnosis based on the external data.

26. The method of claim 25 wherein the external data is at least one of a

geolocation, physical time, or a recent activity of the patient.

27. The method of claim 25 wherein the external data is a statistical or a

numerical quantification of a current or recent epidemic.

28. A computer-readable storage medium storing computer-executable
instructions that, when executed, cause a computing system to perform a method for
compressing data, comprising:

receiving data that represents one or more physical attributes sensed by one or

more Sensors;

identifying a first region and a second region in the received data by employing

at least one pattern or statistical feature;

computing a first utility and a first relevant feature for the first region, and a

second utility and a second relevant feature for the second region; and
identifying based on at least the first utility and the second utility a first
compression method to apply to the first region and a second

compression method to apply to the second region wherein the first and
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the second compression methods have different compression rates or

different feature preservation characteristics.

29. A system for compressing data, comprising:

a component configured to receive data that represents one or more physical
attributes sensed by one or more sensors;

a component configured employ at least one pattern or statistical feature to
identify a first region and a second region in the received data;

a component configured to compute a first utility and a first relevant feature for
the first region, and a second utility and a second relevant feature for the
second region; and

a component configured to identify based on at least the first utility and the
second utility a first compression method to apply to the first region and a
second compression method to apply to the second region wherein the
first and the second compression methods have different compression

rates or different feature preservation characteristics.
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