wo 2017/053059 A 1[I 00000 0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/053059 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

30 March 2017 (30.03.2017) WIPOIPCT
International Patent Classification:
GO6F 17/30 (2006.01)
International Application Number:
PCT/US2016/050445

International Filing Date:
6 September 2016 (06.09.2016)

Filing Language: English
Publication Language: English
Priority Data:

14/866,711 25 September 2015 (25.09.2015) US

Applicant: INTELL. CORPORATION [US/US]; 2200
Mission College Boulevard, Santa Clara, California 95054

(US).

Inventors: YEUNG, Fai; 3571 Corsica Court, San Jose,
California 95148 (US). ZHOU, Fu; 1542 Ambergrove Dr.,
San Jose, California 95131 (US). KHOSRAVY, Nicholas;
770 Chimalus Dr., Palo Alto, California 94306 (US).

Agent: OSBORNE, David W.; Thorpe North & Western,
LLP, C/O CPA Global, P.O. Box 52050, Minneapolis,
Minnesota 55402 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: EFFICIENT STORAGE AND RETRIEVAL FOR WEARABLE-DEVICE DATA

(57) Abstract: Technology described herein

L1 List 180

I"«f1 02a N102b

N! 02n

provides methods whereby a two-level index-
ing/hashing structure is used to efficiently co-

L1 MNocle 1D #7) L1 Mode 1D (#2)

L1 Node ID @&N)

ordinate storage of sensor measurements
between local digital memory (e.g., at a mobile

priority_counter = 1000 §  priovity_counter = 300

pricrity_oounter = 0

device) and remote digital memory (e.g., at a
cloud storage system). The first level of the

size = 2K size = 1K

size = DK

two-level indexing/hashing structure may be
include an array of first-level nodes that are

Peinterto L2 List Pointer fo L2 List
@ 3

Pointer to L2 List
8

sorted according to priority values. The prior-
ity values may be determined based on user
data-querying activity. The second level of the

two-level indexing/hashing structure may in-

. 1042 ¥ .04

k

clude second-level hash tables wherein buckets
are associated with memory blocks of a pre-
defined size. Sensor measurements that were

s 1080 taken during a specific time period may be

L2 List for L1 Node #1 L2 List for L1 Node #2

L2 List for L1 Node #M

stored near each other in memory and may be
downloaded for local storage if user activity

FIG. 1

suggests that the user frequently has interest in
data from that time period.



WO 2017/053059 A1 |IWANK 00T 000 A

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2017/053059 PCT/US2016/050445

EFFICIENT STORAGE AND RETRIEVAL FOR WEARABLE-DEVICE DATA

BACKGROUND

[0001] Wearable devices, such as activity trackers, are becoming increasingly
popular. These wearable devices typically include sensors configured to measure quantities
from which inferences about a wearer’s physical condition and physical activity levels may
be made. Some examples of sensors that may be used in wearable devices include
accelerometers, heart rate monitors (e.g., optical heart rate monitors), thermometers, global
positioning system (GPS) locators, bioimpedance sensors, galvanic skin response sensors,
ultraviolet (UV) sensors, and optical sensors (e.g., that use light-emitting diodes (LEDs)) that
measure blood oxygenation or antioxidant levels.

[0002] It is convenient for these wearable devices to be small so that they can be
worn throughout a wide range of activities without unduly impeding the wearer’s mobility or
comfort. Hence, these wearable devices are often small enough to be worn in a sleeve for the
leg, an armband, a chest strap, a belt, a shoe, a clip-on assembly, or a wristband.

[0003] When a wearable device is worn throughout a wearer’s daily activities, sensors
of the wearable device can collect desired measurements at a desired rate. The measurements
taken during a specific time period may be used to illustrate trends over time. The
measurements, for example, may be suitable display in a scatterplot (e.g., of the quantity
measured plotted against time). Methods such as regression and interpolation may also be
applied to the measurements in order to estimate rates of change and trends over time.
Various types of analysis may be applied to the measurements in order to estimate desired

quantities that may not be immediately measurable using the sensors (e.g., calories burned).

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Features and advantages of the disclosure will be apparent from the detailed
description which follows, taken in conjunction with the accompanying drawings, which
together illustrate, by way of example, features of the disclosure; and, wherein:

[0005] FIG. 1 illustrates an example of a first level (L 1) list of an indexing/hashing

structure in accordance with an example;
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[0006] FIG. 2 illustrates a detailed example of a second-level (L2) list in accordance
with an example;

[0007] FIGs. 3a-b illustrate an example of how an indexing/hashing structure may be
expanded in accordance with an example;

[0008] FIGs. 4a—e illustrate an exemplary manner in which an order of L1 nodes in an
L1 list may be updated in accordance with an example;

[0009] FIGs. Sa—c illustrate states of a hybrid indexing/hashing structure for
coordinating data storage between local digital memory and remote digital memory in
accordance with an example;

[0010] FIG. 6 illustrates functionality for storing data measurements for efficient
retrieval in accordance with an example;

[0011] FIG. 7 illustrates functionality for retrieving a data measurement from digital
memory in accordance with an example;

[0012] FIG. 8 illustrates functionality for coordinating storage of data measurements
between local digital memory and a remote data store in accordance with an example; and
[0013] FIG. 9 provides an example illustration of a wireless device in accordance
with an example.

[0014] Reference will now be made to the exemplary embodiments illustrated and
specific language will be used herein to describe the same. It will nevertheless be understood

that no limitation of the disclosure scope is thereby intended.

DESCRIPTION OF EMBODIMENTS

[0015] Before some embodiments are disclosed and described, it is to be understood
that the claimed subject matter is not limited to the particular structures, process operations,
or materials disclosed herein, but is extended to equivalents thereof as would be recognized
by those ordinarily skilled in the relevant arts. It should also be understood that terminology
employed herein is used for the purpose of describing particular examples only and is not
intended to be limiting. The same reference numerals in different drawings represent the
same element. Numbers provided in flow charts and processes are provided for clarity in
illustrating operations and do not necessarily indicate a particular order or sequence.

[0016] An initial overview of technology embodiments is provided below and then

specific technology embodiments are described in further detail later. This initial summary is
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intended to aid readers in understanding the technology more quickly, but is not intended to
identify key features or essential features of the technology nor is it intended to limit the
scope of the claimed subject matter.

[0017] A large number of measurements may be taken by the sensors of a wearable
device over the course of several hours, days, or months, especially if the rate at which
measurements are taken is relatively high. The wearable device’s small size, however, may
provide limited physical space for physical memory on which the measurements may be
stored. Consequently, a wearable device may be configured to cache a small amount of
measurement data and transfer other measurement data to another device that has more
available physical memory. For example, a wearable device may transfer measurement data
to another device, such as a user equipment (UE) (e.g., a mobile cellular phone), a computer
(e.g., a laptop or a desktop), or a remote data store (e.g., a cloud service for data storage). The
measurement data may be transferred wirelessly (e.g., using Bluetooth, WiFi, or 3GPP
technology) or via a wired connection (e.g., using a universal serial port (USB) cable or an
auxiliary input cable). In some cases, sensors that take measurements of interest may be part
of a UE that is not wearable device. In such cases, the transfer of measurement data from
sensors to physical memory of the UE may occur through circuitry of the UE itself. It should
be noted that wearable devices and UEs are not mutually exclusive, but rather, a device may
be both a wearable device and a UE.

[0018] In some examples consistent with the present disclosure, a UE and a sensor
may be devices that are considered to be part of a system for storing or retrieving
measurement data. In such systems, the sensor may serve as the device within the system that
takes measurements of a quantity of interest and conveys the measurements to the UE. In one
example, the UE may have an integrated sensor therein and in other examples the sensor
device may be a separate and independent device from the UE. In examples where the sensor
is separate from the UE, the measurements taken by the sensor may be conveyed wirelessly
or through a wired connection (e.g., an auxiliary cable). The UE, in turn, may serve as a
device within the system that includes one or more processors (e.g., application processors or
baseband processors) that are configured to apply methods described herein in order to
determine where and how to store the measurements in order to facilitate efficient storage and
retrieval. In a further embodiment, a system may further include a cloud or other remote data
store that can communicate with the UE. In one embodiment, the system can include a UE

with an integrates sensor and a remote data store that can communicate with the UE. In
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another embodiment, the system can include a sensor that is capable of communicating with a
separate UE, and a remote data store that is capable of communicating with the UE.

[0019] While a UE such as a smart phone may store some measurement data, UEs are
typically also relatively small and therefore have relatively limited digital storage space.
Furthermore, in the case of a smartphone, the UE may be used for many other purposes (e.g.,
making telephone calls, surfing the internet, streaming media, playing video games, etc.) that
require use of the UE’s limited storage space. As a result, it may be prudent to limit the
amount of the UEs storage space that is designated for storing measurement data from
sensors in order to ensure that the UE has sufficient available storage space for other
purposes. UEs that store measurement data from sensors (e.g., wearable sensors) may
therefore be configured to transfer measurement data via a network connection to a cloud
data storage system wherein digital data may be stored across one or more servers.

[0020] There are a number of simple approaches addressing how data storage for
sensor measurement data is coordinated or synchronized between a UE and a cloud storage
system. One approach is to use a basic last-in-first-out (LIFO) scheme (e.g., a stack) wherein
measurement data is uploaded at defined time intervals to the cloud storage system in
descending order according to measurement timestamps. Another approach is to use a first-
in-first-out (FIFO) scheme (e.g., a queue) wherein measurement data is uploaded at defined
time intervals to the cloud storage system in ascending order according to measurement
timestamps. Measurement data may even be uploaded continuously through streaming so that
little or no measurement data is stored locally at the UE (though this may lead to unnecessary
use of battery power and bandwidth resources). A single interface may be provided whereby
a user can query the measurement data that is stored both locally and remotely. Alternatively,
separate interfaces may be used for local data retrieval from the UE’s digital memory and for
remote data retrieval from the cloud storage system, respectively.

[0021] These approaches for coordinating the storage of measurement data between a
UE and a cloud storage system have some drawbacks, however. For example, a user may
wish to retrieve measurement data from storage for display and inspection on the UE. The
user may request that measurement data from a certain day, for example, be displayed in a
scatterplot so that the user can see activity patterns for that day. If the measurement data for
that day is stored on the UE, the measurement data may be retrieved relatively quickly.
However, if the measurement data for that day has been transferred to a cloud storage system

and removed from local memory, it may take an inconvenient amount of time to download
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the measurement data from the cloud storage system to the UE. In areas where cellular or
WiFi coverage is unavailable, the user may be unable to download the measurement data
until the UE is moved to a location where coverage is available. Furthermore, if separate
interfaces are used to retrieve local data and remote data, the user may be obliged to navigate
through both interfaces to download desired portions of the desired measurement data.

[0022] In order to promote a good quality of experience (QoE) for users of wearable
devices and UEs that gather measurement data from sensors, at least some of the
measurement data can be stored locally at the UE. However, in the approaches described
above, measurement data is selected for local storage based on recentness, based on the type
of data structure (e.g., queue or stack) used to cache the data locally, and based on the time
intervals at which data is uploaded to the cloud storage system. Even if a user’s querying
behavior suggests that the user might be more likely to retrieve measurements that were made
in a different time frames, the approaches described above provide no solution whereby a UE
may preemptively identify and download measurement data from the different time frames.
Hence, unless the user happens to conveniently request measurement data from the exact time
frame whose measurements are locally stored, the user may have to wait for longer periods of
time to access desired measurement data.

[0023] For example, suppose a user is a runner who is trying to identify an optimal
rate at which to increase a distance for daily runs without causing an overuse injury (e.g., shin
splints). The runner wears an activity tracker with various sensors on a daily basis and the
activity tracker sends measurement data to the user’s smartphone. The smartphone stores the
most recent data locally in a FIFO scheme and periodically uploads the rest of the
measurement data to a cloud storage system via a wireless cellular network connection.
[0024] In this example, also suppose that the user has recently begun to feel pain from
an overuse injury—presumably because recent rates of increase in the daily running distance
have been too high. Since the user’s previous training regimen from about six months prior
did not seem to cause any overuse injuries, the user wishes to retrieve measurement data that
was gathered during the previous training regimen in order to determine how rates of increase
in running distances during the previous training regimen compare to the rates of the user’s
current training regimen. The user queries the measurement data from six months prior
multiple times over the course of a week while trying to ascertain rates of increase in running
distance under the prior training regimen. In the meantime, the user takes a week off from

running in order to let the overuse injury heal.
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[0025] In this scenario, the user has little interest in the most recent measurement data
from the week in which the user has been recovering. The user also has great interest in the
measurement data from six months ago, as indicated by the user’s querying behavior.
Unfortunately, since the user’s smartphone is configured to store only the most recent data
locally, the user is relegated to waiting for data to be downloaded from the cloud storage
system each time the measurement data from six months prior is queried. In the meantime,
local storage space at the smartphone that can be accessed much more quickly is occupied by
the unsought measurement data from the user’s week of rest.

[0026] Systems and methods of the present disclosure provide a more intelligent
solution for coordinating the storage of measurement data between a UE and a cloud storage
system. Invention embodiments provide a hybrid hashing scheme that enables measurement
data to be accessed quickly and prioritized for local storage based on user’s querying
behavior. Some embodiments may include an indexing/hashing structure with lists at two
levels.

[0027] FIG. 1 illustrates an example of first level (L1) list 100 of an indexing/hashing
structure in accordance with an example. For simplicity, the L1 list 100 of this example is
described as an array. However, other list structures, such as linked lists or vectors, may also
be used. The L1 list 100 may comprise L1 nodes 102a—n. In this example, the nodes 102a—n
are described as objects (e.g., in an object-oriented programming language such as Java or
C++). However, the L1 nodes 102a—n may also be of any composite data type (e.g., Structs in
C or records in TurboPascal) that permits the L1 nodes 102a—n to be designed as described.
In addition, while lower case letters are used for convenience in identifying the three nodes
shown, it is to be understood that the L1 list 100 may generally include an arbitrary number
of L1 nodes.

[0028] Each of the L1 nodes 102a—n may comprise instance variables such as a
priority counter, a size, a node identification (ID) number, and a pointer to a respective
second level (L2) list 104a—n associated with the respective node. The priority counter, the
size, and the node ID may be of one or more primitive numerical data types. Each size
instance variable may indicate an amount of digital memory used to store measurement data
associated with the respective L1 node. Each priority counter instance variable may indicate a
number of times that measurement data in the respective L2 list associated with the respective
L1 node has been queried or accessed. Alternatively, the value of a priority counter instance

variable may also be determined based on other types of schemes (e.g., wherein time elapsed
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since an L1 node’s L2 list was last accessed is used to determine a weighting and outlier
handling is provided). The L1 nodes 102a—n may be sorted in the L1 list 100 according to
their respective priority counter instance variables. While a pointer is depicted as an instance
variable for each node shown in FIG. 1, it is to be understood that another type of indicator of
a digital-memory address (e.g., a reference) may also be used.

[0029] Each of the L1 nodes 102a—n may be associated with a respective type of
measurement data received from sensors. For example, one of the L1 nodes 102a—n may be
associated with heart rate measurements, while another might be associated with temperature
measurements, accelerometer measurements, or another type of measurement. In some
examples, different L1 nodes might represent subtypes of more general types of measurement
data. In these examples, an indexing function may be provided. The indexing function may
be used to indicate list indices (e.g., array indices) or node ID numbers of L1 nodes in the L1
list 100 that are associated with subtypes of a general type.

[0030] The L1 nodes 102a—n in the L1 list may be sorted according to their respective
priority counter instance variable values. Though FIG. 1 illustrates that the L1 nodes 102a—n
are sorted in descending order from left to right, it is to be understood that the functionality
described herein may also be accomplished with trivial adjustments if the L1 nodes 102a—n
were sorted in ascending order.

[0031] FIG. 2 illustrates a detailed example of an L2 list 200 in accordance with an
example. The L2 list 200 may be a hash table. The L2 list 200 may comprise L2 nodes 202a—
k. Each of the L2 nodes 202a—k may correspond to a hash-table bucket of the L2 list 200.
[0032] In this example, the L2 nodes 202a—k are described as objects (e.g., in an
object-oriented programming language such as Java or C++). However, the L2 nodes 202a—k
may also be of any composite data type (e.g., Structs in C or records in TurboPascal) that
permits the L2 nodes 202a—k to be designed as described. In addition, while lower case letters
are used for convenience in identifying the three nodes shown, it is to be understood that the
L2 list 200 may generally include an arbitrary number of L2 nodes.

[0033] Each L2 node 202a—k may comprise instance variables such as a node
identification (ID) number (which may also be a binary hash key associated with the
respective L2 node), a usage counter, a size, a cloud data availability indicator, and a pointer
to a block of digital memory wherein data entries of sensor measurements associated with the

respective L2 node may be stored. In FIG. 2, the blocks of digital memory 204a—k are
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therefore associated with the L2 nodes 202a—k. Each respective block of digital memory
associated with a respective L2 node may contain a predefined number of bits or bytes.
[0034] The usage counter, the size, and the node ID number may be of one or more
primitive numerical data types. The cloud data availability indicator may be of a Boolean
data type or a primitive numerical data type. Each size instance variable may indicate an
amount of digital memory used to store data entries of sensor measurements associated with
the respective L2 node. The size may be zero, as shown for L2 node 202k, if there are no data
entries of sensor measurements currently stored in the L2 node’s associated block of digital
memory (block of digital memory 204k, in this example). If an L2 node’s entire associated
block of digital memory is being used to store data entries of sensor measurements, the size
variable may be a maximum value.

[0035] Each usage counter instance variable may indicate a number of times that
measurement data in the respective block of digital memory associated with the respective L2
node has been queried or accessed. In some examples, the priority counter of an L1 node that
points to an L2 list may be the sum of the usage counters of L2 nodes in the L2 list. While a
pointer is depicted as an instance variable for each L2 node shown in FIG. 2, it is to be
understood that another type of indicator of a digital-memory address (e.g., a reference) may
also be used.

[0036] A hashing function associated with the L2 list 200 may be designed to be
applied to measurement data such that sensor measurements that are stored in the block of
digital memory associated with a respective L2 node were taken during a specific period of
time. In other words, for sensor measurements taken during that specific period of time, the
hash function can produce the same hash key so that the sensor measurements are placed in
the same bucket. In this manner, measurement data (e.g., data entries of sensor
measurements) from a time period can be stored in a single block of digital memory.
Designing the hashing function in this manner allows spatial locality of sensor measurements
in memory to reflect temporal locality of the sensor measurements with regard to when the
sensor measurements were taken.

[0037] In examples where each L2 node is associated with a respective binary hash
key (e.g., as the node ID or hash key of a corresponding bucket), a problem may arise if the
hash function maps an additional sensor measurement to an L2 node whose associated block
of digital memory is full of existing sensor measurements. One solution would be to allocate

a larger block of memory, copy both the existing sensor measurements and the new sensor
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measurement over to the larger block, and set the respective L2 node’s pointer to the larger
block. This approach, though, is relatively inefficient. Furthermore, this might slow the
retrieval of sensor measurements from memory in response to queries, since the hash bucket
to which the respective L2 node corresponds would hold a larger number of sensor
measurement values.

[0038] FIGs. 3a-b illustrate a more efficient approach that may be used when a hash
function maps an additional sensor measurement to an L2 node whose associated block of
digital memory is full of existing sensor measurements. An L2 list 300 may be a hash table
that includes L2 nodes 302a—k. The L2 nodes 302a—k may include pointers (or other
indicators of memory addresses) to the associated digital memory blocks 304a—k,
respectively. Each of the digital memory blocks 304a—k may have a predetermined amount of
memory in which up to four sensor measurement data entries may be stored. The L2 nodes
302a—k may be associated with four-bit binary hash keys (e.g., 0000, 0001, 0010, and 1111,
as shown). In this example, the L2 nodes 302a—k are described as objects (e.g., in an object-
oriented programming language such as Java or C++). However, the L2 nodes 302a—k may
also be of any composite data type (e.g., Structs in C or records in TurboPascal) that permits
the L2 nodes 302a—k to be designed as described. In addition, while lower case letters are
used for convenience in identifying the three nodes shown, it is to be understood that the L2
list 300 may generally include an arbitrary number of L2 nodes.

[0039] As shown in FIG. 3a, a sensor measurement data entry 305 may be received
for storage or indexing in the L2 list 300. A hash function may be applied to the sensor
measurement data entry 305 (data entry #9) to determine that the sensor measurement data
entry 305 hashes to a bucket with a hashing index of 0001 and should therefore be stored in
the digital memory block 304b. However, the digital memory block 304b may already be
filled with four other sensor measurement data entries, as shown.

[0040] FIG. 3b illustrates changes that may be applied to the L2 list 300 in order to
allow the sensor measurement data entry 305 (data entry #9) to be stored without requiring
the sensor measurement data entries that have already been stored in digital memory block
304b to be relocated or copied. The four-bit binary hash key associated with the L2 node
302b can be extended by one extension bit each to form two resultant five-bit hash keys. In
some examples, the extension bit may be the most significant bit. The four least significant
bits of the two resultant five-bit hash keys may have values identical to the four-bit hash key

associated with L2 node 302b, while the most significant bits (MSBs) of the two resultant
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five-bit hash keys differ. One of the resultant five-bit hash keys can be associated with the L2
node 302b associated with the four-bit hash key. For clarity, in FIG. 3b, once the L2 node
302b is associated with a resultant five-bit hash key (00001), the L2 node 302b is referred to
as L2 node 302b(1). Values of instance variables of L2 node 302b(i), such as a pointer to
digital memory block 304b, may remain unchanged. An additional L2 node 302b(ii) can be
created and associated with the other resultant five-bit hash key (10001). The additional L2
node 302b(i1) may comprise a pointer to an additional digital memory block 306b. The sensor
measurement data entry 305 (data entry #9) can then be stored in the digital memory block
306b.

[0041] Similar changes may be applied with respect to the L2 nodes 302a and 302¢—
k. For example, the four-bit hash key of 302a (0000) may be extended to form resultant hash
keys (00000 and 10000). One of the resultant hash keys (00000) may be associated with L2
node 302a; for explanatory purposes, L2 node 302a is referred to as L2 node 302a(1) in FIG.
3b. Again, values of instance variables of the L2 node 302a(i), such as a pointer to digital
memory block 304a, may remain unchanged. An additional L2 node 302a(ii) can be created
and associated with the other resultant five-bit hash key (10000). The additional L2 node
302a(ii) may comprise a pointer to an additional digital memory block 306a. As illustrated,
similar changes may be applied with respect to L2 nodes 302c—k such that pointers of L2
nodes 302c(i1) and 302k(i1) point to additional digital memory blocks 306¢ and 300k,
respectively, and pointers of L2 nodes 302¢(1) and 302k(i) still point to digital memory
blocks 304c¢ and 304k, respectively. The hash function may be updated such that sensor
measurement data entries that would have mapped to a single bucket associated with a given
four-bit hash code are mapped to one of the two buckets associated with five-bit hash codes
whose four least significant bits match the given four-bit hash code.

[0042] It should be understood that, although FIGs. 3a-b illustrate extension from
four-bit hash codes into five-bit hash codes, the same principles explained for FIGs. 3a—b can
be applied to extend hash codes for an L2 list from an arbitrary number of bits x into x + 1
bits. As such, the number of bits used hash codes of these examples are not intended to be
limiting.

[0043] FIGs. 4a—e illustrate an exemplary manner in which an order of L1 nodes
402a—fin an L1 list 400 may be updated as values of priority counter instance variables for
the L1 nodes 402a—f change. The order of L1 nodes 402a—f may be updated periodically at

fixed time intervals or in response to changes in priority counter values.
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[0044] As shown in FIG. 4a, the L1 nodes 402a—f may initially be sorted in
descending order according to priority counter values. As shown in selection 404 of FIG. 4b,
the priority counter for L1 node 402e may be increased from 385 to 390. Since the priority
counter for L1 node 402d is only 389, the L1 nodes are no longer sorted in descending order
according to their respective priority counters. However, updating the order of the L1 nodes
402a—f may be postponed until a difference between the priority counters of L1 nodes 402e
and 402d meets or exceeds a predefined threshold value. The difference may be calculated by
subtracting the value of the priority counter of the L1 node 402d (i.e., the L1 node in a
position of higher priority in the L1 list 400) from the value of the priority counter of the L1
node 402e (i.e., the L1 node in a position of lower priority in the L1 list 400). In FIGs. 4a—e,
as an example, the predefined threshold value may be 7 (though other threshold values, of
course, may be used). Since the difference between 389 and 390 is only 1, the order of the L1
nodes 402a—f may not be updated in response to this difference.

[0045] As shown in selection 406 of FIG. 4c, the priority counter of L1 node 402e
may be increased from 390 to 401 such that the predefined threshold value is exceeded by the
difference of the priority counter of L1 node 402e and the priority counter of L1 node 402d.
[0046] As shown in FIG. 4d, the positions of L1 node 402e and L1 node 402d in the
L1 list 400 may be swapped. After the swapping, the priority counter of L1 node 402e may
also be compared to the priority counter of L1 node 402c. Since the difference between the
priority counter of L1 node 402e and L1 node 402c is 8, the predefined threshold value is
exceeded.

[0047] As shown in FIG. 4e, the positions of L1 node 402e and L1 node 402c¢ in the
L1 list 400 may be swapped. The priority counter of L1 node 402e may also be compared to
the priority counter of L1 node 402b. Since the difference between the priority counter of L1
node 402e and L1 node 402b is -49, the predefined threshold value is not exceeded and no
further updates are needed. Again, this difference is calculated by subtracting the value of the
priority counter of the L1 node in the position of higher priority in the L1 List 400 from the
value of the priority counter of the L1 node in the position of lower priority in the L1 list 400.
[0048] FIGs. Sa—c illustrate states of a hybrid indexing/hashing structure for
coordinating data storage between local digital memory of a UE and remote digital memory
of a cloud storage system in accordance with an example. An L1 list 500 may comprise L1
nodes 502a—n. The L1 nodes 502a—n may be indexed in the L1 list 500 with indices ranging
from O to an N-1, where there are N L1 nodes in the L1 nodes 502a—n (though other ranges of
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indices can be used as long as each L1 node has corresponds to a respective index). The L1
nodes 502a—n may be sorted in descending order with respect to priority (e.g., as measured by
instance variable priority counters). There may also be a pivot index selected. In this
example, the pivot index may be 2 (which corresponds to L1 node 502¢). The pivot index
may be used to determine a cutoff priority level for data transfer from the cloud storage
system to the UE.

[0049] The L1 nodes 502a—n may comprise instance variable pointers to the L2 lists
504a—n, respectively, as shown in FIGs. Sa—c. Each of the L2 lists 504a—n may comprise a set
of L2 nodes. For example, L2 list 504a may include L2 nodes 506a—h, L2 list 504b may
include L2 nodes 507a—h, L2 list 504c may include L2 nodes 508a—h, and L2 list 504n may
include L2 nodes 509a—h. Each of the L2 lists 504a—n may comprise a hash table such that
each L2 node is associated with a bucket of the hash table. A hashing function of a hash table
may map data entries to buckets in a manner such that data entries assigned to a common
bucket have temporal locality relative to each other.

[0050] Each L2 node may comprise an instance variable pointer to a block of digital
memory that may be local (e.g., at the UE) or remote (e.g., at the cloud storage system). For
example, as shown in FIG. 5a, L2 nodes 506a—d may have pointers to local digital memory
blocks 510a—d, respectively, while L2 nodes 506e—h may have pointers to remote digital
memory blocks (depicted by a cloud in FIGs. 5a—c). In a similar fashion, L2 nodes 507a—c
may include pointers to local digital memory blocks 511a—c, respectively, and L2 nodes
507d-h may include pointers to remote digital memory blocks. L2 nodes 508a—b may include
pointers to local digital memory blocks 512a-b, respectively, and L2 nodes 508c—h may
include pointers to remote digital memory blocks. L2 node 509a may include a pointer to
local digital memory block 513a, respectively, and L2 nodes 509b—h may include pointers to
remote digital memory blocks. Each data block may be the place where data entries for the
bucket corresponding to the respective L2 node are stored.

[0051] It may be determined that additional local digital memory is available for
storing measurement data at the UE. A first round of data transfer from the cloud storage
system to the UE as shown in FIG. 5b may commence as follows. Since L1 node 502a is in
the position of highest priority in the sorted L1 list 500, two additional local digital memory
blocks 510e—f can be allocated for measurement data of the L2 list 504a. Pointers of the L2

nodes 506e—f can be directed to the local digital memory blocks 510e—f. Existing data entries
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for buckets corresponding to L2 nodes 506e—f can be downloaded from the cloud storage
system and copied into the local digital memory blocks 510e—f, respectively.

[0052] Since L1 node 502b is in the position of second-highest priority in the sorted
L1 list 500, an additional local digital memory block 511d can be allocated for measurement
data of the L2 list 504b. A pointer of the L2 node 507d can be directed to the local digital
memory block 511d. Existing data entries for a bucket corresponding to L2 node 507d can be
downloaded from the cloud storage system and copied into the local digital memory block
511d.

[0053] Since L1 node 502¢ corresponds to the pivot index (i.e., L1 node 502¢ has a
sufficiently high priority), an additional local digital memory block 512c¢ can be allocated for
measurement data of the L2 list 504¢. A pointer of the L2 node 508c¢ can be directed to the
local digital memory block 512¢. Existing data entries for a bucket corresponding to L2 node
508c¢ can be downloaded from the cloud storage system and copied into the local digital
memory block 512c.

[0054] Since L1 node 502n corresponds to an index of lower priority than the pivot
index, the pointers of L2 nodes 509b—h may remain directed to remote digital memory
blocks.

[0055] It may be determined that three additional blocks of local digital memory are
still available for storing measurement data at the UE. A second round of data transfer from
the cloud storage system to the UE as shown in FIG. 5S¢ may commence as follows. Since L1
node 502a remains in the position of highest priority in the sorted L1 list 500, two additional
local digital memory blocks 510g—h can be allocated for measurement data of the L2 list
504a. Pointers of the L2 nodes 506g—h can be directed to the local digital memory blocks
510g-h. Existing data entries for buckets corresponding to L2 nodes 506g—h can be
downloaded from the cloud storage system and copied into the local digital memory blocks
510g-h, respectively.

[0056] Since L1 node 502b is in the position of second-highest priority in the sorted
L1 list 500, an additional local digital memory block 511e can be allocated for measurement
data of the L2 list 504b. A pointer of the L2 node 507e can be directed to the local digital
memory block 511e. Existing data entries for a bucket corresponding to L2 node 507e can be
downloaded from the cloud storage system and copied into the local digital memory block

S51le.
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[0057] While L1 node 502¢ corresponds to the pivot index (i.e., L1 node 502¢ has a
sufficiently high priority), a limit for local storage space may have been reached. Hence, no
additional measurement data is downloaded from the cloud storage system.

[0058] The example shown in FIGs. 5a—c and explained above serves to demonstrate
some aspects of methods and systems to coordinate storage of measurement data between a
local device and a cloud storage system. For example, more local blocks may be allocated for
L2 lists whose corresponding L1 nodes have higher priority (as determined by the order of L1
nodes in the L1 list). Local blocks may be allocated on a round-by-round basis, in descending
order according to priority as indicated by the indices of the L1 list, for L1 nodes (and their
corresponding L2 lists) until no additional local digital memory is available.

[0059] FIG. 6 illustrates functionality 600 for storing data measurements for efficient
retrieval in accordance with an example. The functionality can be implemented as
instructions stored and executed on a machine, where the instructions are included on at least
one non-transitory computer-readable storage medium.

[0060] As in block 610, the functionality 600 may include receiving, at a user
equipment (UE), a data measurement taken by a sensor, wherein the data measurement was
taken during a time interval.

[0061] As in block 620, the functionality 600 may include identifying a type of the
data measurement.

[0062] As in block 630, the functionality 600 may include identifying a level-1 (L1)
node associated with the type of the data measurement, wherein a level-1 (L 1) list comprises
the L1 node and the L1 node comprises an indicator of a digital-memory address of a hash
table associated with the type of the data measurement. The L1 node may also comprise a
size instance variable indicating an amount of digital memory being used to store data
measurements that are accessible through the hash table.

[0063] As in block 640, the functionality 600 may include using a hash function to
determine a hash key for the data measurement.

[0064] As in block 650, the functionality 600 may include identifying a level-2 (L2)
node associated with the time interval in which the data measurement was taken, wherein the
L2 node corresponds to a bucket of the hash table associated with the hash key and the L2
node comprises an indicator of a digital-memory address of a block of digital memory for the
bucket. The L2 node may also comprise a usage counter that is an instance variable reflecting

a frequency with which data measurements stored for the bucket corresponding to the L2

14



WO 2017/053059 PCT/US2016/050445

node are queried, a size instance variable indicating an amount of digital memory being used
to store data measurements in the block of digital memory, or a remote-storage-availability
instance variable indicating whether data measurements stored in the block of digital memory
are stored remotely relative to the UE.

[0065] In some examples, the functionality 600 may also include identifying that
there is sufficient space available in the block of digital memory for the data measurement to
be stored therein, wherein the block of digital memory is of a predefined size and the
predefined size is sufficient for the block of digital memory to store one or more data
measurements. The functionality 600 may also include issuing a command for the data
measurement to be stored in the block of digital memory based on the determination. The
block of digital memory may be at a local device or at a remote data store.

[0066] Conversely, in other examples, the functionality 600 may also include
identifying that there is not sufficient space available in the block of digital memory for the
data measurement to be stored therein, wherein the block of digital memory is of a predefined
size and the predefined size is sufficient for the block of digital memory to store one or more
data measurements, and wherein the hash key comprises a predefined number of bits V. The
functionality 600 may also include creating an a first expansion hash key comprising N+1 bits
and a second expansion hash key having N+1 bits, wherein the first expansion hash key and
the second expansion hash key have differing most-significant-bit values and the remaining N
bits of both the first expansion hash key and the second expansion hash key have values equal
to the N bits of the hash key. Further, the functionality 600 may also include associating the
first expansion hash key with the bucket of the hash table and with the block of digital
memory. The functionality 600 may also include associating the second expansion hash key
with an additional bucket of the hash table and with an additional block of digital memory.
The functionality 600 may also include issuing a command for the data measurement to be
stored in the additional block of digital memory.

[0067] In some examples, additional L1 nodes may be elements of the L1 List, each
L1 node that is an element of the L1 List may comprise a respective element priority counter
that is an instance variable; the L1 list may be sorted based on element priority counters.
[0068] As in block 660, the functionality 600 may include determining whether there
is sufficient space available in the block of digital memory for the data measurement to be

stored
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[0069] FIG. 7 illustrates functionality 700 for retrieving a data measurement from
digital memory in accordance with an example. The functionality can be implemented as
instructions stored and executed on a machine, where the instructions are included on at least
one non-transitory computer-readable storage medium.

[0070] As in block 710, the functionality 700 may include receiving, at a user
equipment (UE), a request for a data measurement of a specified type, wherein the data
measurement was made during a time interval specified in the request.

[0071] As in block 720, the functionality 700 may include identifying a level-1 (L1)
node associated with the specified type, wherein the L1 node is an element of a level-1 (L1)
list, the L1 node comprises an indicator of a digital-memory address of a hash table
associated with the specified type, and the data measurement is accessible through the hash
table. The L1 node may comprise a size instance variable indicating an amount of digital
memory being used to store data measurements that are accessible through the hash table. As
in block 730, the functionality 700 may include identifying a level-2 (L2) node associated
with the time interval, wherein the L2 node corresponds to a bucket of the hash table and the
L2 node comprises an indicator of a digital-memory address of a block of digital memory in
which the data measurement is stored for the bucket. The L2 node may further comprise a
size instance variable indicating an amount of digital memory being used to store data
measurements in the block of digital memory or a remote-storage-availability instance
variable indicating whether data measurements stored in the block of digital memory are
stored remotely relative to the UE. Identifying the L2 node associated with the time interval
in which the data measurement was taken may be achieved by applying a hashing function to
a datum associated with the data measurement.

[0072] In some examples, additional L1 nodes may be elements of the L1 List, each
L1 node that is an element of the L1 List may comprise a respective element priority counter
that is an instance variable, and the L1 list can be sorted based on element priority counters.
In such examples, the functionality 700 may include incrementing an element priority counter
of the L1 node, comparing the element priority counter of the L1 node to an element priority
counter of a neighboring L1 node in the L1 List, and swapping a position of the L1 node and
a position of the neighboring node in the L1 list based on the comparison of the element
priority counter of the L1 node to the element priority counter of the neighboring L1 node. In
these examples, the functionality 700 may also include determining a difference between the

element priority counter of the L1 node to an element priority counter of a neighboring L1
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node in the L1 list, verifying that the difference meets or exceeds a predefined threshold
value, and swapping an initial position of the L1 node and an initial position of the
neighboring L1 node in the L1 list based on the verification such that a resultant position of
the L1 node is the initial position of the neighboring L.1 node and a resultant position of the
neighboring L1 node is the initial position of the L1 node.

[0073] Furthermore, in such examples, additional L2 nodes may correspond to
additional respective buckets in the hash table and each respective L2 node may comprise a
usage counter that is an instance variable reflecting a frequency with which data
measurements stored for a respective bucket corresponding to the respective L2 node are
requested. In addition, in such examples, the functionality 700 may also include comparing
the resultant position of the L1 node to a predefined pivot position and issuing a command for
a plurality of data measurements accessible through the hash table to be downloaded via a
network connection and stored in a local block of digital memory at the UE based on the
comparison of the resultant position of the L1 node to the predefined pivot position.
Alternatively, the functionality 700 may include comparing the resultant position of the
neighboring L1 node to a predefined pivot position and issuing a command for a plurality of
data measurements accessible through a hash referenced by the neighboring L1 node to be
uploaded via a network connection and stored in a remote block of digital memory based on
the comparison of the resultant position of the neighboring .1 node to the predefined pivot
position.

[0074] As in block 740, the functionality 700 may include issuing a command for the
data measurement to be retrieved from the block of digital memory.

[0075] FIG 8 illustrates functionality 800 for coordinating storage of data
measurements between local digital memory at a UE and a remote data store in accordance
with an example. The functionality can be implemented as instructions stored and executed
on a machine, where the instructions are included on at least one non-transitory computer-
readable storage medium.

[0076] As in block 810, the functionality 800 may include identifying a level-1 (L1)
list of level-1 (L.1) nodes, wherein each respective L1 node comprises a respective element
priority counter that is an instance variable indicating a frequency with which a respective
hash table associated with the respective L1 node is accessed, wherein each hash table
comprises level-2 (L2) nodes corresponding to buckets, wherein each L2 node comprises a

respective usage counter that is an instance variable reflecting a frequency with which data
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measurements stored for the respective bucket are accessed, and wherein the L1 nodes are
sorted in the L1 list according to element priority counter values.

[0077] As in block 820, the functionality 800 may include identifying a pivot index
for the L1 list.

[0078] As in block 830, the functionality 800 may include performing, for each
respective L1 node having an index in the L1 list ranging from the pivot index to a first
terminal index (e.g., the index of the L1 node with a highest priority in the L1 list), the
actions of block 840 and block 850. A terminal index, as used herein, may refer the index of
the first node in a list or the index of a last node in a list. Hence, if the L1 list is sorted in
descending order according to priority, the L1 node with the lowest numerical index (which
is a terminal index) in the L1 list may have the highest priority and the L1 node with the
highest numerical index (which is also a terminal index) in the L1 list may have the lowest
priority relative to all nodes in the list. Conversely, if the L1 list is sorted in ascending order
according to priority, the L1 node with the lowest numerical index in the L1 list may have the
lowest priority and the L1 node with the highest numerical index may have the highest
priority.

[0079] As in block 840, the functionality 800 may include identifying a high-priority
L2 node in a hash table associated with the respective L1 node.

[0080] As in block 850, the functionality 800 may include determining whether data
measurements of a respective bucket corresponding to the high-priority L2 node are stored in
the local digital memory at the UE.

[0081] In some examples, the functionality 800 may also include performing, for at
least one L1 node having an index in the L1 list ranging from the pivot index to the first
terminal index, the following: identifying a high-priority L2 node in a hash table associated
with the at least one L1 node, determining that data measurements of a respective bucket
corresponding to the high-priority L2 node are not stored in the local digital memory at the
UE, and issuing a request to download the data measurements of the respective bucket
corresponding to the high-priority L2 node from the remote data store. The high-priority L2
node may have a usage counter with a value indicating that data measurements stored for the
respective bucket corresponding to the high-priority L2 node are accessed frequently.

[0082] In further examples, the functionality 800 may also include performing, for the
at least one L1 node having an index in the L1 list ranging from the pivot index to the first

terminal index, the following: determining that data measurements of the respective bucket
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corresponding to the high-priority L2 node are likely to be accessed because the data
measurements in the respective bucket were taken during a range of time in which frequently-
accessed data measurements were taken, and identifying the high-priority L2 node in the hash
table associated with the at least one L1 node based on the determination that data
measurements of the respective bucket corresponding to the high-priority L2 node are likely
to be accessed.

[0083] In addition, in some examples, the functionality 800 may include performing,
for each respective L1 node having an index in the L1 list ranging from the pivot index to a
second terminal index (e.g., an index of an L1 node with a lowest priority in the L1 list), the
following: identifying one or more L2 nodes in a hash table associated with the respective L1
node, wherein the one or more L2 nodes correspond to buckets for which data measurements
are stored in the local digital memory at the UE, and deleting the data measurements that are
stored for the buckets corresponding to the one or more L2 nodes from the local digital
memory. In such examples, the functionality 800 may also include performing, for each
respective L1 node having an index in the L1 list ranging from the pivot index to the second
terminal index, the following: (1) identifying one or more non-backed-up L2 nodes in a hash
table associated with the respective L1 node, wherein the one or more L2 nodes correspond to
buckets for which data measurements are stored in the local digital memory at the UE, and
wherein each L2 node comprises an instance variable indicating whether the respective L2
node is backed up at the remote data store; (2) sending the data measurements that are stored
for the buckets corresponding to the one or more non-backed-up L2 nodes to the remote data
store via a network connection; and (3) deleting the data measurements that are stored for the
buckets corresponding to the one or more non-backed-up L2 nodes from the local digital
memory.

[0084] In some examples, the functionality 800 may include performing, for each
respective L1 node having an index in the L1 list ranging from the pivot index to the first
terminal index, the following: (1) identifying a number of high-priority L2 nodes in a hash
table associated with the respective L1 node, wherein the number of high-priority L2 nodes is
based on a respective element priority counter value of the respective L1 node; (2)
determining that data measurements of a plurality of respective buckets corresponding to the
plurality of high-priority L2 node are not stored in the local digital memory at the UE; and (3)
issuing a request to download the data measurements of the plurality of respective buckets

corresponding to the plurality of high-priority L2 nodes from the remote data store.
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[0085] FIG. 9 provides an example illustration of the wireless device, such as a user
equipment (UE), a mobile station (MS), a mobile wireless device, a mobile communication
device, a tablet, a handset, or other type of wireless device. The wireless device can include
one or more antennas configured to communicate with a (cellular network) node, macro
node, low power node (LPN), or, transmission station, such as a base station (BS), an evolved
Node B (eNB), a baseband processing unit (BBU), a remote radio head (RRH), a remote
radio equipment (RRE), a relay station (RS), a radio equipment (RE), or other type of
wireless wide area network (WWAN) access point. The wireless device can be configured to
communicate using at least one wireless communication standard including 3GPP LTE,
WiMAX, High Speed Packet Access (HSPA), Bluetooth, and WiFi. The wireless device can
communicate using separate antennas for each wireless communication standard or shared
antennas for multiple wireless communication standards. The wireless device can
communicate in a wireless local area network (WLAN), a wireless personal area network
(WPAN), and/or a WWAN. The wireless device can also comprise a wireless modem. The
wireless modem can comprise, for example, a wireless radio transceiver and baseband
circuitry (e.g., a baseband processor). The wireless modem can, in one example, modulate
signals that the wireless device transmits via the one or more antennas and demodulate
signals that the wireless device receives via the one or more antennas.

[0086] FIG. 9 also provides an illustration of a microphone and one or more speakers
that can be used for audio input and output from the wireless device. The display screen can
be a liquid crystal display (LCD) screen, or other type of display screen such as an organic
light emitting diode (OLED) display. The display screen can be configured as a touch screen.
The touch screen can use capacitive, resistive, or another type of touch screen technology. An
application processor and a graphics processor can be coupled to internal memory to provide
processing and display capabilities. A non-volatile memory port can also be used to provide
data input/output options to a user. The non-volatile memory port can also be used to expand
the memory capabilities of the wireless device. A keyboard can be integrated with the
wireless device or wirelessly connected to the wireless device to provide additional user
input. A virtual keyboard can also be provided using the touch screen.

[0087] Various techniques, or certain aspects or portions thereof, can take the form of
program code (i.e., instructions) embodied in tangible media, such as floppy diskettes, CD-
ROMs, hard drives, non-transitory computer readable storage medium, or any other machine-

readable storage medium wherein, when the program code is loaded into and executed by a
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machine, such as a computer, the machine becomes an apparatus for practicing the various
techniques. Circuitry can include hardware, firmware, program code, executable code,
computer instructions, and/or software. A non-transitory computer readable storage medium
can be a computer readable storage medium that does not include signal. In the case of
program code execution on programmable computers, the computing device can include a
processor, a storage medium readable by the processor (including volatile and non-volatile
memory and/or storage elements), at least one input device, and at least one output device.
The volatile and non-volatile memory and/or storage elements can be a RAM, EPROM, flash
drive, optical drive, magnetic hard drive, solid state drive, or other medium for storing
electronic data. The node and wireless device can also include a transceiver module, a
counter module, a processing module, and/or a clock module or timer module. One or more
programs that can implement or utilize the various techniques described herein can use an
application programming interface (API), reusable controls, and the like. Such programs can
be implemented in a high level procedural or object oriented programming language to
communicate with a computer system. However, the program(s) can be implemented in
assembly or machine language, if desired. In any case, the language can be a compiled or
interpreted language, and combined with hardware implementations.

[0088] As used herein, the term processor can include general-purpose processors,
specialized processors such as VLSI, FPGAs, and other types of specialized processors, as
well as base-band processors used in transceivers to send, receive, and process wireless
communications.

[0089] It should be understood that many of the functional units described in this
specification have been labeled as modules, in order to more particularly emphasize their
implementation independence. For example, a module can be implemented as a hardware
circuit (e.g., an application-specific integrated circuit (ASIC)) comprising custom VLSI
circuits or gate arrays, off-the-shelf semiconductors such as logic chips, transistors, or other
discrete components. A module can also be implemented in programmable hardware devices
such as field programmable gate arrays, programmable array logic, programmable logic
devices or the like.

[0090] Modules can also be implemented in software for execution by various types
of processors. An identified module of executable code can, for instance, comprise one or
more physical or logical blocks of computer instructions, which can, for instance, be

organized as an object, procedure, or function. Nevertheless, the executables of an identified
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module need not be physically located together, but can comprise disparate instructions
stored in different locations which, when joined logically together, comprise the module and
achieve the stated purpose for the module.

[0091] Indeed, a module of executable code can be a single instruction, or many
instructions, and can even be distributed over several different code segments, among
different programs, and across several memory devices. Similarly, operational data can be
identified and illustrated herein within modules, and can be embodied in any suitable form
and organized within any suitable type of data structure. The operational data can be
collected as a single data set, or can be distributed over different locations including over
different storage devices, and can exist, at least partially, merely as electronic signals on a
system or network. The modules can be passive or active, including agents operable to
perform desired functions.

[0092] As used herein, the term “processor” can include general purpose processors,
specialized processors such as VLSI, FPGAs, and other types of specialized processors, as
well as base band processors used in transceivers to send, receive, and process wireless
communications.

[0093] While the flowcharts presented for this technology may imply a specific order
of execution, the order of execution may differ from what is illustrated. For example, the
order of two more blocks may be rearranged relative to the order shown. Further, two or more
blocks shown in succession may be executed in parallel or with partial parallelization. In
some configurations, one or more blocks shown in the flow chart may be omitted or skipped.
Any number of counters, state variables, warning semaphores, or messages may be added to
the logical flow for enhanced utility, accounting, performance, measurement,
troubleshooting, or other purposes.

[0094] As used herein, the word “or” indicates an inclusive disjunction. For example,
as used herein, the phrase “A or B” represents an inclusive disjunction of exemplary
conditions A and B. Hence, “A or B” is false only if both condition A is false and condition B
is false. When condition A is true and condition B is also true, “A or B” is also true. When
condition A is true and condition B is false, “A or B” is true. When condition B is true and
condition A is false, “A or B” is true. In other words, the term “or,” as used herein, should not
be construed as an exclusive disjunction. The term “xor” is used where an exclusive

disjunction is intended.
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[0095] In this disclosure, “comprises,” “comprising,” “containing” and “having” and
the like can have the meaning ascribed to them in U.S. Patent law and can mean “includes,”
“including,” and the like, and are generally interpreted to be open ended terms. The terms
“consisting of” or “consists of”” are closed terms, and include only the components, structures,
steps, or the like specifically listed in conjunction with such terms, as well as that which is in
accordance with U.S. Patent law. “Consisting essentially of” or “consists essentially of” have
the meaning generally ascribed to them by U.S. Patent law. In particular, such terms are
generally closed terms, with the exception of allowing inclusion of additional items,
materials, components, steps, or elements, that do not materially affect the basic and novel
characteristics or function of the item(s) used in connection therewith. For example, trace
elements present in a composition, but not affecting the compositions nature or characteristics
would be permissible if present under the “consisting essentially of”” language, even though
not expressly recited in a list of items following such terminology. When using an open
ended term in the specification, like “comprising” or “including,” it is understood that direct
support should be afforded also to “consisting essentially of” language as well as “consisting
of” language as if stated explicitly and vice versa.

[0096] “The terms “first,” “second,” “third,” “fourth,” and the like in the description
and in the claims, if any, are used for distinguishing between similar elements and not
necessarily for describing a particular sequential or chronological order. It is to be
understood that the terms so used are interchangeable under appropriate circumstances such
that the embodiments described herein are, for example, capable of operation in sequences
other than those illustrated or otherwise described herein. Similarly, if a method is described
herein as comprising a series of steps, the order of such steps as presented herein is not
necessarily the only order in which such steps may be performed, and certain of the stated
steps may possibly be omitted and/or certain other steps not described herein may possibly be
added to the method.

[0097] Reference throughout this specification to “an example” means that a
particular feature, structure, or characteristic described in connection with the example is
included in at least one embodiment. Thus, appearances of the phrases “in an example” in
various places throughout this specification are not necessarily all referring to the same
embodiment.

[0098] As used herein, a plurality of items, structural elements, compositional

elements, and/or materials can be presented in a common list for convenience. However,
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these lists should be construed as though each member of the list is individually identified as
a separate and unique member. Thus, no individual member of such list should be construed
as a de facto equivalent of any other member of the same list solely based on their
presentation in a common group without indications to the contrary. In addition, various
embodiments and examples can be referred to herein along with alternatives for the various
components thereof. It is understood that such embodiments, examples, and alternatives are
not to be construed as de facto equivalents of one another, but are to be considered as
separate and autonomous.

[0099] Furthermore, the described features, structures, or characteristics can be
combined in any suitable manner in one or more embodiments. In the foregoing description,
numerous specific details are provided, such as examples of layouts, distances, network
examples, etc., to provide a thorough understanding of some embodiments. One skilled in the
relevant art will recognize, however, that the some embodiments can be practiced without
one or more of the specific details, or with other methods, components, layouts, etc. In other
instances, well-known structures, materials, or operations are not shown or described in detail

to avoid obscuring aspects of different embodiments.

Example Embodiments

[00100] In an exemplary embodiment there is provided, a method for storing data
measurements for efficient retrieval, the method comprising:

receiving, at a user equipment (UE), a data measurement taken by a sensor, wherein
the data measurement was taken during a time interval,

identifying a type of the data measurement;

identifying a level-1 (L 1) node associated with the type of the data measurement,
wherein a level-1 (L1) list comprises the L1 node and the L1 node comprises an indicator of a
digital-memory address of a hash table associated with the type of the data measurement;
using a hash function to determine a hash key for the data measurement;

identifying a level-2 (L2) node associated with the time interval in which the data
measurement was taken, wherein the L2 node corresponds to a bucket of the hash table
associated with the hash key and the L2 node comprises an indicator of a digital-memory
address of a block of digital memory for the bucket; and

determining whether there is sufficient space available in the block of digital memory

for the data measurement to be stored.
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[00101] In one embodiment, the method of storing data can further comprise:

identifying that there is sufficient space available in the block of digital memory for
the data measurement to be stored therein, wherein the block of digital memory is of a
predefined size and the predefined size is sufficient for the block of digital memory to store
one or more data measurements; and

issuing a command for the data measurement to be stored in the block of digital
memory based on the determination.
[00102] In one embodiment the method of storing data can further comprise:

identifying that there is not sufficient space available in the block of digital memory
for the data measurement to be stored therein, wherein the block of digital memory is of a
predefined size and the predefined size is sufficient for the block of digital memory to store
one or more data measurements, and wherein the hash key comprises a predefined number of
bits N;

creating an a first expansion hash key comprising N+1 bits and a second expansion
hash key having N+1 bits, wherein the first expansion hash key and the second expansion
hash key have differing most-significant-bit values and the remaining N bits of both the first
expansion hash key and the second expansion hash key have values equal to the N bits of the
hash key;

associating the first expansion hash key with the bucket of the hash table and with the
block of digital memory;

associating the second expansion hash key with an additional bucket of the hash table
and with an additional block of digital memory; and

issuing a command for the data measurement to be stored in the additional block of
digital memory.
[00103] In one embodiment of a method for storing data, the additional L1 nodes are
elements of the L1 List, each L1 node that is an element of the L1 List comprises a respective
element priority counter that is an instance variable, and the L1 list is sorted based on element
priority counters.
[00104] In one embodiment of a method for storing data, the L1 node further
comprises a size instance variable indicating an amount of digital memory being used to store
data measurements that are accessible through the hash table.
[00105] In one embodiment of a method for storing data, the L2 node further

comprises at least one of’

25



WO 2017/053059 PCT/US2016/050445

a usage counter that is an instance variable reflecting a frequency with which data
measurements stored for the bucket corresponding to the L2 node are queried,;

a size instance variable indicating an amount of digital memory being used to store
data measurements in the block of digital memory; or

a remote-storage-availability instance variable indicating whether data measurements
stored in the block of digital memory are stored remotely relative to the UE.
[00106] In one embodiment there is provided, a method for retrieving a data
measurement from digital memory, the method comprising:

receiving, at a user equipment (UE), a request for a data measurement of a specified
type, wherein the data measurement was made during a time interval specified in the request;

identifying a level-1 (L1) node associated with the specified type, wherein the L1
node is an element of a level-1 (L.1) list, the L1 node comprises an indicator of a digital-
memory address of a hash table associated with the specified type, and the data measurement
is accessible through the hash table;

identifying a level-2 (L2) node associated with the time interval, wherein the L2 node
corresponds to a bucket of the hash table and the L2 node comprises an indicator of a digital-
memory address of a block of digital memory in which the data measurement is stored for the
bucket; and

issuing a command for the data measurement to be retrieved from the block of digital
memory.
[00107] In one embodiment of a method for retrieving data, additional L1 nodes are
elements of the L1 List, each L1 node that is an element of the L1 List comprises a respective
element priority counter that is an instance variable, and the L1 list is sorted based on element
priority counters.
[00108] In one embodiment, the method of retrieving data further comprises:

incrementing an element priority counter of the L1 node;

comparing the element priority counter of the L1 node to an element priority counter
of a neighboring L1 node in the L1 List; and

swapping a position of the L1 node and a position of the neighboring node in the L1
list based on the comparison of the element priority counter of the L1 node to the element
priority counter of the neighboring L1 node.

[00109] In one embodiment the method of retrieving data further comprises:
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determining a difference between the element priority counter of the L1 node to an
element priority counter of a neighboring L1 node in the L1 list;

verifying that the difference meets or exceeds a predefined threshold value; and

swapping an initial position of the L1 node and an initial position of the neighboring

L1 node in the L1 list, based on the verification, such that a resultant position of the L1 node

is the initial position of the neighboring L1 node and a resultant position of the neighboring

L1 node is the initial position of the L1 node.

[00110] In one embodiment of a method of retrieving data, the additional L2 nodes

correspond to additional respective buckets in the hash table and each respective L2 node

comprises a usage counter that is an instance variable reflecting a frequency with which data
measurements stored for a respective bucket corresponding to the respective L2 node are
requested.

[00111] In one embodiment, the method of retrieving data further comprises:
comparing the resultant position of the L1 node to a predefined pivot position; and
issuing a command for a plurality of data measurements accessible through the hash

table to be downloaded via a network connection and stored in a local block of digital

memory at the UE based on the comparison of the resultant position of the L1 node to the
predefined pivot position.

[00112] In one embodiment, the method of retrieving data further comprises:
comparing the resultant position of the neighboring L1 node to a predefined pivot

position; and
issuing a command for a plurality of data measurements accessible through a hash

referenced by the neighboring L1 node to be uploaded via a network connection and stored in

a remote block of digital memory based on the comparison of the resultant position of the

neighboring L1 node to the predefined pivot position.

[00113] In one embodiment of a method of retrieving data, identifying the L2 node

associated with the time interval in which the data measurement was taken is achieved by

applying a hashing function to a datum associated with the data measurement.
[00114] In one embodiment of a method of retrieving data, the L1 node further

comprises a size instance variable indicating an amount of digital memory being used to store

data measurements that are accessible through the hash table.
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[00115] In one embodiment of a method of retrieving data, the L2 node further
comprises at least one of’
a size instance variable indicating an amount of digital memory being used to store
data measurements in the block of digital memory; or
a remote-storage-availability instance variable indicating whether data measurements
stored in the block of digital memory are stored remotely relative to the UE.
[00116] In one embodiment, there is provided a method of coordinating storage of data
measurements between local digital memory at a user equipment (UE) and a remote data
store, the method comprising:
identifying a level-1 (L1) list of level-1 (L 1) nodes, wherein each respective L1 node
comprises a respective element priority counter that is an instance variable indicating a
frequency with which a respective hash table associated with the respective L1 node is
accessed, wherein each hash table comprises level-2 (L2) nodes corresponding to buckets,
wherein each L2 node comprises a respective usage counter that is an instance variable
reflecting a frequency with which data measurements stored for the respective bucket are
accessed, and wherein the L1 nodes are sorted in the L1 list according to element priority
counter values;
identifying a pivot index for the L1 list;
performing, for each respective L1 node having an index in the L1 list ranging from
the pivot index to a first terminal index, the following:
identifying a high-priority L2 node in a hash table associated with the respective L1
node; and
determining whether data measurements of a respective bucket corresponding to the
high-priority L2 node are stored in the local digital memory at the UE.
[00117] In one embodiment, the method of coordinating storage of data measurements
further comprises:
performing, for at least one L1 node having an index in the L1 list ranging from the
pivot index to the first terminal index, the following:
identifying a high-priority L2 node in a hash table associated with the at least one L1
node;
determining that data measurements of a respective bucket corresponding to the

high-priority L2 node are not stored in the local digital memory at the UE; and
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issuing a request to download the data measurements of the respective bucket
corresponding to the high-priority L2 node from the remote data store.
[00118] In one embodiment of a method of coordinating storage of data measurements,
the high-priority L2 node has a usage counter with a value indicating that data measurements
stored for the respective bucket corresponding to the high-priority L2 node are accessed
frequently.
[00119] In one embodiment of a method of coordinating storage of data measurements,
the method further comprises:
performing, for the at least one L1 node having an index in the L1 list ranging from
the pivot index to the first terminal index, the following:
determining that data measurements of the respective bucket corresponding to the
high-priority L2 node are likely to be accessed because the data measurements in
the respective bucket were taken during a range of time in which frequently-
accessed data measurements were taken; and
identifying the high-priority L2 node in the hash table associated with the at least
one L1 node based on the determination that data measurements of the respective
bucket corresponding to the high-priority L2 node are likely to be accessed.
[00120] In one embodiment, the method of coordinating storage of data measurements
further comprises:
performing, for each respective L1 node having an index in the L1 list ranging from
the pivot index to a second terminal index, the following:
identifying one or more L2 nodes in a hash table associated with the respective L1
node, wherein the one or more L2 nodes correspond to buckets for which data
measurements are stored in the local digital memory at the UE; and
deleting the data measurements that are stored for the buckets corresponding to the

one or more L2 nodes from the local digital memory.

[00121] In one embodiment, the method of coordinating storage of data measurements
further comprises:
performing, for each respective L1 node having an index in the L1 list ranging from
the pivot index to the second terminal index, the following:
identifying one or more non-backed-up L2 nodes in a hash table associated with the

respective L1 node, wherein the one or more L2 nodes correspond to buckets for
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which data measurements are stored in the local digital memory at the UE, and
wherein each L2 node comprises an instance variable indicating whether the
respective L2 node is backed up at the remote data store;
sending the data measurements that are stored for the buckets corresponding to the
one or more non-backed-up L2 nodes to the remote data store via a network
connection; and
deleting the data measurements that are stored for the buckets corresponding to the
one or more non-backed-up L2 nodes from the local digital memory.
[00122] In one embodiment, the method of coordinating storage of data measurements
further comprises:
performing, for each respective L1 node having an index in the L1 list ranging from
the pivot index to the first terminal index, the following:
identifying a number of high-priority L2 nodes in a hash table associated with the
respective L1 node, wherein the number of high-priority L2 nodes is based on a
respective element priority counter value of the respective L1 node;
determining that data measurements of a plurality of respective buckets
corresponding to the plurality of high-priority L2 node are not stored in the local
digital memory at the UE; and
issuing a request to download the data measurements of the plurality of respective buckets
corresponding to the plurality of high-priority L2 nodes from the remote data store.
[00123] In an example embodiment there is provided a system for storing data, the
system comprising:
a sensor configured to gather data; and
a user equipment (UE) configured to receive data from the sensor, said UE
comprising circuitry configured to:
receive, a data measurement taken by the sensor, wherein the data measurement was
taken during a time interval,
identify a type of the data measurement;
identify a level-1 (L1) node associated with the type of the data measurement,
wherein a level-1 (L1) list comprises the L1 node and the L1 node comprises an indicator of a
digital-memory address of a hash table associated with the type of the data measurement;

use a hash function to determine a hash key for the data measurement;
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identify a level-2 (L2) node associated with the time interval in which the data

measurement was taken, wherein the L2 node corresponds to a bucket of the hash table

associated with the hash key and the L2 node comprises an indicator of a digital-memory

address of a block of digital memory for the bucket; and

determine whether there is sufficient space available in the block of digital memory

for the data measurement to be stored.

[00124]

[00125]

In one embodiment of a system for storing data, the circuitry is further configured
to:
identify that there is sufficient space available in the block of digital memory for the
data measurement to be stored therein, wherein the block of digital memory is of a
predefined size and the predefined size is sufficient for the block of digital memory
to store one or more data measurements; and

issue a command for the data measurement to be stored in the block of digital
memory based on the determination.
In one embodiment of a system for storing data, the circuitry is further configured
to:
identify that there is not sufficient space available in the block of digital memory for
the data measurement to be stored therein, wherein the block of digital memory is of
a predefined size and the predefined size is sufficient for the block of digital
memory to store one or more data measurements, and wherein the hash key
comprises a predefined number of bits N;
create a first expansion hash key comprising N+1 bits and a second expansion hash
key having N+1 bits, wherein the first expansion hash key and the second expansion
hash key have differing most-significant-bit values and the remaining N bits of both
the first expansion hash key and the second expansion hash key have values equal to
the N bits of the hash key;
associate the first expansion hash key with the bucket of the hash table and with the
block of digital memory;
associate the second expansion hash key with an additional bucket of the hash table
and with an additional block of digital memory; and

issue a command for the data measurement to be stored in the additional block

of digital memory.
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[00126]

[00127]

[00128]

[00129]

In one embodiment of a system for storing data, additional L1 nodes are elements of
the L1 List, each L1 node that is an element of the L1 List comprises a respective
element priority counter that is an instance variable, and the L1 list is sorted based
on element priority counters.
In one embodiment of a system for storing data, the L1 node further comprises a size
instance variable indicating an amount of digital memory being used to store data
measurements that are accessible through the hash table.
In one embodiment of a system for storing data, the L2 node further comprises at
least one of:
a usage counter that is an instance variable reflecting a frequency with which data
measurements stored for the bucket corresponding to the L2 node are queried,;
a size instance variable indicating an amount of digital memory being used to store
data measurements in the block of digital memory; or
a remote-storage-availability instance variable indicating whether data
measurements stored in the block of digital memory are stored remotely relative to
the UE.
In an example embodiment, a system for retrieving data is provided, the system
comprising:
a sensor configured to gather data; and
a user equipment (UE) configured to receive data from the sensor, said UE
comprising circuitry configured to:
receive a request for a data measurement of a specified type, wherein the data
measurement was made by the sensor during a time interval specified in the request;
identify a level-1 (L1) node associated with the specified type, wherein the L1 node
is an element of a level-1 (L 1) list, the L1 node comprises an indicator of a digital-
memory address of a hash table associated with the specified type, and the data
measurement is accessible through the hash table;
identify a level-2 (L2) node associated with the time interval, wherein the L2 node
corresponds to a bucket of the hash table and the L2 node comprises an indicator of
a digital-memory address of a block of digital memory in which the data
measurement is stored for the bucket; and

issue a command for the data measurement to be retrieved from the block of

digital memory.
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[00130]

[00131]

[00132]

[00133]

[00134]

In one embodiment of a system for retrieving data, additional L1 nodes are elements
of the L1 List, each L1 node that is an element of the L1 List comprises a respective
element priority counter that is an instance variable, and the L1 list is sorted based
on element priority counters.

In one embodiment of a system for retrieving data, the circuitry is further configured
to:

increment an element priority counter of the L1 node;

compare the element priority counter of the L1 node to an element priority counter
of a neighboring L1 node in the L1 List; and

swap a position of the L1 node and a position of the neighboring node in the L1 list
based on the comparison of the element priority counter of the L1 node to the
element priority counter of the neighboring L1 node.

In one embodiment of a system for retrieving data, the circuitry is further configured
to:

determine a difference between the element priority counter of the L1 node to an
element priority counter of a neighboring L1 node in the L1 list;

verifying that the difference meets or exceeds a predefined threshold value; and
swap an initial position of the L1 node and an initial position of the neighboring L1
node in the L1 list, based on the verification, such that a resultant position of the L1
node is the initial position of the neighboring L1 node and a resultant position of the
neighboring L1 node is the initial position of the L1 node.

In one embodiment of a system for retrieving data, additional L2 nodes correspond
to additional respective buckets in the hash table and each respective L2 node
comprises a usage counter that is an instance variable reflecting a frequency with
which data measurements stored for a respective bucket corresponding to the
respective L2 node are requested.

In one embodiment of a system for retrieving data, the circuitry is further configured
to:

compare the resultant position of the L1 node to a predefined pivot position; and
issue a command for a plurality of data measurements accessible through the hash
table to be downloaded via a network connection and stored in a local block of
digital memory at the UE based on the comparison of the resultant position of the L1

node to the predefined pivot position.
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[00135] In one embodiment of a system for retrieving data, the circuitry is further configured
to:
compare the resultant position of the neighboring L1 node to a predefined pivot
position; and

issue a command for a plurality of data measurements accessible through a
hash referenced by the neighboring L1 node to be uploaded via a network
connection and stored in a remote block of digital memory based on the comparison
of the resultant position of the neighboring L1 node to the predefined pivot position.

[00136] In one embodiment of a system for retrieving data, identifying the L2 node
associated with the time interval in which the data measurement was taken is
achieved by applying a hashing function to a datum associated with the data
measurement.

[00137] In one embodiment of a system for retrieving data, the L1 node further comprises a
size instance variable indicating an amount of digital memory being used to store
data measurements that are accessible through the hash table.

[00138] In one embodiment of a system for retrieving data, the L2 node further comprises at
least one of:

a size instance variable indicating an amount of digital memory being used to store
data measurements in the block of digital memory; or

a remote-storage-availability instance variable indicating whether data
measurements stored in the block of digital memory are stored remotely relative to
the UE.

[00139] In another example embodiment, a system for coordinating storage of data
measurements is provided, the system comprising:
one or more sensors configured to make data measurements;

a user equipment (UE) configured to receive data from the one or more sensors, the
UE comprising local digital memory and circuitry configured to:

identify a level-1 (L1) list of level-1 (1) nodes, wherein each respective L1 node
comprises a respective element priority counter that is an instance variable
indicating a frequency with which a respective hash table associated with the
respective L1 node is accessed, wherein each hash table comprises level-2 (L2)
nodes corresponding to buckets, wherein each L2 node comprises a respective usage

counter that is an instance variable reflecting a frequency with which data
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[00140]

[00141]

[00142]

measurements made by the one or more sensors and stored for the respective bucket
are accessed, and wherein the L1 nodes are sorted in the L1 list according to element
priority counter values;
identify a pivot index for the L1 list;
perform, for each respective L1 node having an index in the L1 list ranging from the
pivot index to a first terminal index, the following:
identify a high-priority L2 node in a hash table associated with the
respective L1 node; and
determine whether data measurements of a respective bucket
corresponding to the high-priority L2 node are stored in the local digital
memory at the UE.
In one embodiment of a system for coordinating storage of data measurements, the
circuitry is further configured to:
perform, for at least one L1 node having an index in the L1 list ranging from the
pivot index to the first terminal index, the following:
identify a high-priority L2 node in a hash table associated with the at
least one L1 node;
determine that data measurements of a respective bucket corresponding
to the high-priority L2 node are not stored in the local digital memory at the
UE; and
issue a request to download the data measurements of the respective
bucket corresponding to the high-priority L2 node from a remote data store.
In one embodiment of a system for coordinating storage of data measurements, the
high-priority L2 node has a usage counter with a value indicating that data
measurements stored for the respective bucket corresponding to the high-priority L2
node are accessed frequently.
In one embodiment of a system for coordinating storage of data measurements, the
circuitry is further configured to:
perform, for the at least one L1 node having an index in the L1 list ranging from the
pivot index to the first terminal index, the following:
determine that data measurements of the respective bucket

corresponding to the high-priority L2 node are likely to be accessed because
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the data measurements in the respective bucket were taken during a range of
time in which frequently-accessed data measurements were taken; and
identify the high-priority L2 node in the hash table associated with the
at least one L1 node based on the determination that data measurements of the
respective bucket corresponding to the high-priority L2 node are likely to be
accessed.
[00143] In one embodiment of a system for coordinating storage of data measurements, the
circuitry is further configured to:
perform, for each respective L1 node having an index in the L1 list ranging from the
pivot index to a second terminal index, the following:
identify one or more L2 nodes in a hash table associated with the
respective L1 node, wherein the one or more L2 nodes correspond to buckets
for which data measurements are stored in the local digital memory at the UE,;
and
delete the data measurements that are stored for the buckets
corresponding to the one or more L2 nodes from the local digital memory.
[00144] In one embodiment of a system for coordinating storage of data measurements, the
circuitry is further configured to:
perform, for each respective L1 node having an index in the L1 list ranging from the
pivot index to the second terminal index, the following:
identify one or more non-backed-up L2 nodes in a hash table associated
with the respective L1 node, wherein the one or more L2 nodes correspond to
buckets for which data measurements are stored in the local digital memory at
the UE, and wherein each L2 node comprises an instance variable indicating
whether the respective L2 node is backed up at a remote data store;
send the data measurements that are stored for the buckets
corresponding to the one or more non-backed-up L2 nodes to the remote data
store via a network connection; and
delete the data measurements that are stored for the buckets
corresponding to the one or more non-backed-up L2 nodes from the local
digital memory.
[00145] In one embodiment of a system for coordinating storage of data measurements, the

circuitry is further configured to:
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[00146]

[00147]

perform, for each respective L1 node having an index in the L1 list ranging from the
pivot index to the first terminal index, the following:
identify a number of high-priority L2 nodes in a hash table associated
with the respective L1 node, wherein the number of high-priority L2 nodes is
based on a respective element priority counter value of the respective L1 node;
determine that data measurements of a plurality of respective buckets
corresponding to the plurality of high-priority L2 node are not stored in the
local digital memory at the UE; and
issue a request to download the data measurements of the plurality of
respective buckets corresponding to the plurality of high-priority L2 nodes
from a remote data store.
In an example embodiment, a user equipment (UE) is provided, the UE comprising
one or more processors configured to:
receive, a data measurement taken by the sensor, wherein the data measurement was
taken during a time interval,
identify a type of the data measurement;
identify a level-1 (L1) node associated with the type of the data measurement,
wherein a level-1 (L1) list comprises the L1 node and the L1 node comprises an
indicator of a digital-memory address of a hash table associated with the type of the
data measurement;
use a hash function to determine a hash key for the data measurement;
identify a level-2 (L2) node associated with the time interval in which the data
measurement was taken, wherein the L2 node corresponds to a bucket of the hash
table associated with the hash key and the L2 node comprises an indicator of a
digital-memory address of a block of digital memory for the bucket; and
determine whether there is sufficient space available in the block of digital
memory for the data measurement to be stored.
In one embodiment of a user equipment (UE), the one or more processors are further
configured to:
identify that there is sufficient space available in the block of digital memory for the
data measurement to be stored therein, wherein the block of digital memory is of a
predefined size and the predefined size is sufficient for the block of digital memory

to store one or more data measurements; and
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[00148]

[00149]

[00150]

[00151]

issue a command for the data measurement to be stored in the block of digital
memory based on the determination.
In one embodiment of a user equipment (UE), the one or more processors are further
configured to:
identify that there is not sufficient space available in the block of digital memory for
the data measurement to be stored therein, wherein the block of digital memory is of
a predefined size and the predefined size is sufficient for the block of digital
memory to store one or more data measurements, and wherein the hash key
comprises a predefined number of bits N;
create a first expansion hash key comprising N+1 bits and a second expansion hash
key having N+1 bits, wherein the first expansion hash key and the second expansion
hash key have differing most-significant-bit values and the remaining N bits of both
the first expansion hash key and the second expansion hash key have values equal to
the N bits of the hash key;
associate the first expansion hash key with the bucket of the hash table and with the
block of digital memory;
associate the second expansion hash key with an additional bucket of the hash table
and with an additional block of digital memory; and
issue a command for the data measurement to be stored in the additional block of
digital memory.
In one embodiment of a user equipment (UE), additional L1 nodes are elements of
the L1 List, each L1 node that is an element of the L1 List comprises a respective
element priority counter that is an instance variable, and the L1 list is sorted based
on element priority counters.
In one embodiment of a user equipment (UE), the L1 node further comprises a size
instance variable indicating an amount of digital memory being used to store data
measurements that are accessible through the hash table.
In one embodiment of a user equipment (UE), the L2 node further comprises at least
one of:
a usage counter that is an instance variable reflecting a frequency with which data
measurements stored for the bucket corresponding to the L2 node are queried,;
a size instance variable indicating an amount of digital memory being used to store

data measurements in the block of digital memory; or
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[00152]

[00153]

[00154]

[00155]

a remote-storage-availability instance variable indicating whether data
measurements stored in the block of digital memory are stored remotely relative to
the UE.

In an example embodiment, a user equipment (UE) is provided, the UE comprising
one or more processors configured to:

receive a request for a data measurement of a specified type, wherein the data
measurement was made by the sensor during a time interval specified in the request;
identify a level-1 (L1) node associated with the specified type, wherein the L1 node
is an element of a level-1 (L 1) list, the L1 node comprises an indicator of a digital-
memory address of a hash table associated with the specified type, and the data
measurement is accessible through the hash table;

identify a level-2 (L2) node associated with the time interval, wherein the L2 node
corresponds to a bucket of the hash table and the L2 node comprises an indicator of
a digital-memory address of a block of digital memory in which the data
measurement is stored for the bucket; and

issue a command for the data measurement to be retrieved from the block of digital
memory.

In one embodiment of a user equipment (UE), additional L1 nodes are elements of
the L1 List, each L1 node that is an element of the L1 List comprises a respective
element priority counter that is an instance variable, and the L1 list is sorted based
on element priority counters.

In one embodiment of a user equipment (UE), the one or more processors are further
configured to:

increment an element priority counter of the L1 node;

compare the element priority counter of the L1 node to an element priority counter
of a neighboring L1 node in the L1 List; and

swap a position of the L1 node and a position of the neighboring node in the L1 list
based on the comparison of the element priority counter of the L1 node to the
element priority counter of the neighboring L1 node.

In one embodiment of a user equipment (UE), the one or more processors are further
configured to:

determine a difference between the element priority counter of the L1 node to an

element priority counter of a neighboring L1 node in the L1 list;
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[00156]

[00157]

[00158]

[00159]

[00160]

[00161]

verifying that the difference meets or exceeds a predefined threshold value; and
swap an initial position of the L1 node and an initial position of the neighboring L1
node in the L1 list, based on the verification, such that a resultant position of the L1
node is the initial position of the neighboring L.1 node and a resultant position of the
neighboring L1 node is the initial position of the L1 node.
In one embodiment of a user equipment (UE), additional L2 nodes correspond to
additional respective buckets in the hash table and each respective L2 node
comprises a usage counter that is an instance variable reflecting a frequency with
which data measurements stored for a respective bucket corresponding to the
respective L2 node are requested.
In one embodiment of a user equipment (UE), the one or more processors are further
configured to:
compare the resultant position of the L1 node to a predefined pivot position; and
issue a command for a plurality of data measurements accessible through the hash
table to be downloaded via a network connection and stored in a local block of
digital memory at the UE based on the comparison of the resultant position of the L1
node to the predefined pivot position.
In one embodiment of a user equipment (UE), the one or more processors are further
configured to:
compare the resultant position of the neighboring L1 node to a predefined pivot
position; and

issue a command for a plurality of data measurements accessible through a
hash referenced by the neighboring L1 node to be uploaded via a network
connection and stored in a remote block of digital memory based on the comparison
of the resultant position of the neighboring L1 node to the predefined pivot position.
In one embodiment of a user equipment (UE), identifying the L2 node associated
with the time interval in which the data measurement was taken is achieved by
applying a hashing function to a datum associated with the data measurement.
In one embodiment of a user equipment (UE), the L1 node further comprises a size
instance variable indicating an amount of digital memory being used to store data
measurements that are accessible through the hash table.
In one embodiment of a user equipment (UE), the L2 node further comprises at least

one of’

40



WO 2017/053059 PCT/US2016/050445

[00162]

[00163]

a size instance variable indicating an amount of digital memory being used to store
data measurements in the block of digital memory; or
a remote-storage-availability instance variable indicating whether data
measurements stored in the block of digital memory are stored remotely relative to
the UE.
In an example embodiment, a user equipment (UE) is provided, the UE comprising
local digital memory and one or more processors configured to:
identify a level-1 (L1) list of level-1 (1) nodes, wherein each respective L1 node
comprises a respective element priority counter that is an instance variable
indicating a frequency with which a respective hash table associated with the
respective L1 node is accessed, wherein each hash table comprises level-2 (L2)
nodes corresponding to buckets, wherein each L2 node comprises a respective usage
counter that is an instance variable reflecting a frequency with which data
measurements made by the one or more sensors and stored for the respective bucket
are accessed, and wherein the L1 nodes are sorted in the L1 list according to element
priority counter values;
identify a pivot index for the L1 list;
perform, for each respective L1 node having an index in the L1 list ranging from the
pivot index to a first terminal index, the following:
identify a high-priority L2 node in a hash table associated with the
respective L1 node; and
determine whether data measurements of a respective bucket
corresponding to the high-priority L2 node are stored in the local digital
memory at the UE.
In one embodiment of a user equipment (UE), the one or more processors are further
configured to:
perform, for at least one L1 node having an index in the L1 list ranging from the
pivot index to the first terminal index, the following:
identify a high-priority L2 node in a hash table associated with the at
least one L1 node;
determine that data measurements of a respective bucket corresponding
to the high-priority L2 node are not stored in the local digital memory at the
UE; and
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[00165]

[00166]

[00167]

issue a request to download the data measurements of the respective bucket
corresponding to the high-priority L2 node from a remote data store.
In one embodiment of a user equipment (UE), the high-priority L2 node has a usage
counter with a value indicating that data measurements stored for the respective
bucket corresponding to the high-priority L2 node are accessed frequently.
In one embodiment of a user equipment (UE), the one or more processors are further
configured to:
perform, for the at least one L1 node having an index in the L1 list ranging from the
pivot index to the first terminal index, the following:
determine that data measurements of the respective bucket
corresponding to the high-priority L2 node are likely to be accessed because
the data measurements in the respective bucket were taken during a range of
time in which frequently-accessed data measurements were taken; and
identify the high-priority L2 node in the hash table associated with the at
least one L1 node based on the determination that data measurements of the
respective bucket corresponding to the high-priority L2 node are likely to be
accessed.
In one embodiment of a user equipment (UE), the one or more processors are further
configured to:
perform, for each respective L1 node having an index in the L1 list ranging from the
pivot index to a second terminal index, the following:
identify one or more L2 nodes in a hash table associated with the
respective L1 node, wherein the one or more L2 nodes correspond to buckets
for which data measurements are stored in the local digital memory at the UE,;
and
delete the data measurements that are stored for the buckets
corresponding to the one or more L2 nodes from the local digital memory.
In one embodiment of a user equipment (UE), the one or more processors are further
configured to:
perform, for each respective L1 node having an index in the L1 list ranging from the
pivot index to the second terminal index, the following:
identify one or more non-backed-up L2 nodes in a hash table associated

with the respective L1 node, wherein the one or more L2 nodes correspond to
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buckets for which data measurements are stored in the local digital memory at
the UE, and wherein each L2 node comprises an instance variable indicating
whether the respective L2 node is backed up at a remote data store;
send the data measurements that are stored for the buckets
corresponding to the one or more non-backed-up L2 nodes to the remote data
store via a network connection; and
delete the data measurements that are stored for the buckets
corresponding to the one or more non-backed-up L2 nodes from the local
digital memory.
[00168] In one embodiment of a user equipment (UE), the one or more processors are further
configured to:
perform, for each respective L1 node having an index in the L1 list ranging from the
pivot index to the first terminal index, the following:
identify a number of high-priority L2 nodes in a hash table associated
with the respective L1 node, wherein the number of high-priority L2 nodes is
based on a respective element priority counter value of the respective L1 node;
determine that data measurements of a plurality of respective buckets
corresponding to the plurality of high-priority L2 node are not stored in the
local digital memory at the UE; and
issue a request to download the data measurements of the plurality of respective
buckets corresponding to the plurality of high-priority L2 nodes from a remote data store.
[00169] While the forgoing examples are illustrative of the principles used in various
embodiments in one or more particular applications, it will be apparent to those of ordinary
skill in the art that numerous modifications in form, usage and details of implementation can
be made without the exercise of inventive faculty, and without departing from the principles
and concepts of the embodiments. Accordingly, it is not intended that the technology be

limited, except as by the claims set forth below.
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CLAIMS

What is claimed is:

1. A method for storing data measurements for efficient retrieval, the method comprising:

receiving, at a user equipment (UE), a data measurement taken by a sensor,
wherein the data measurement was taken during a time interval;

identifying a type of the data measurement;

identifying a level-1 (L 1) node associated with the type of the data
measurement, wherein a level-1 (L 1) list comprises the L1 node and the L1 node
comprises an indicator of a digital-memory address of a hash table associated with the
type of the data measurement;

using a hash function to determine a hash key for the data measurement;

identifying a level-2 (L2) node associated with the time interval in which the
data measurement was taken, wherein the L2 node corresponds to a bucket of the hash
table associated with the hash key and the L2 node comprises an indicator of a digital-
memory address of a block of digital memory for the bucket; and

determining whether there is sufficient space available in the block of digital

memory for the data measurement to be stored.

2. The method of claim 1, further comprising:

identifying that there is sufficient space available in the block of digital
memory for the data measurement to be stored therein, wherein the block of digital memory
is of a predefined size and the predefined size is sufficient for the block of digital memory to
store one or more data measurements; and

issuing a command for the data measurement to be stored in the block of

digital memory based on the determination.

3. The method of claim 1, further comprising;
identifying that there is not sufficient space available in the block of digital
memory for the data measurement to be stored therein, wherein the block of digital

memory is of a predefined size and the predefined size is sufficient for the block of
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digital memory to store one or more data measurements, and wherein the hash key
comprises a predefined number of bits N;

creating an a first expansion hash key comprising N+1 bits and a second
expansion hash key having N+1 bits, wherein the first expansion hash key and the
second expansion hash key have differing most-significant-bit values and the
remaining N bits of both the first expansion hash key and the second expansion hash
key have values equal to the N bits of the hash key;

associating the first expansion hash key with the bucket of the hash table and
with the block of digital memory;

associating the second expansion hash key with an additional bucket of the
hash table and with an additional block of digital memory; and

issuing a command for the data measurement to be stored in the additional

block of digital memory.

4. The method of claim 1, wherein additional L1 nodes are elements of the L1 List, each L1
node that is an element of the L1 List comprises a respective element priority counter that is

an instance variable, and the L1 list is sorted based on element priority counters.

5. The method of claim 1, wherein the L1 node further comprises a size instance variable
indicating an amount of digital memory being used to store data measurements that are

accessible through the hash table.

6. The method of claim 1, wherein the L2 node further comprises at least one of:
a usage counter that is an instance variable reflecting a frequency with which
data measurements stored for the bucket corresponding to the L2 node are queried;
a size instance variable indicating an amount of digital memory being used to
store data measurements in the block of digital memory; or
a remote-storage-availability instance variable indicating whether data
measurements stored in the block of digital memory are stored remotely relative to the

UE.
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7. A method for retrieving a data measurement from digital memory, the method comprising:

receiving, at a user equipment (UE), a request for a data measurement of a
specified type, wherein the data measurement was made during a time interval
specified in the request;

identifying a level-1 (L1) node associated with the specified type, wherein the
L1 node is an element of a level-1 (L1) list, the L1 node comprises an indicator of a
digital-memory address of a hash table associated with the specified type, and the data
measurement is accessible through the hash table;

identifying a level-2 (L2) node associated with the time interval, wherein the
L2 node corresponds to a bucket of the hash table and the L2 node comprises an
indicator of a digital-memory address of a block of digital memory in which the data
measurement is stored for the bucket; and

issuing a command for the data measurement to be retrieved from the block of

digital memory.

8. The method of claim 7, wherein additional L1 nodes are elements of the L1 List, each L1
node that is an element of the L1 List comprises a respective element priority counter that is

an instance variable, and the L1 list is sorted based on element priority counters.

9. The method of claim 8, further comprising:
incrementing an element priority counter of the L1 node;
comparing the element priority counter of the L1 node to an element priority
counter of a neighboring L1 node in the L1 List; and
swapping a position of the L1 node and a position of the neighboring node in
the L1 list based on the comparison of the element priority counter of the L1 node to

the element priority counter of the neighboring L1 node.

10. The method of claim 9, further comprising:
determining a difference between the element priority counter of the L1 node
to an element priority counter of a neighboring L1 node in the L1 list;
verifying that the difference meets or exceeds a predefined threshold value;

and
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swapping an initial position of the L1 node and an initial position of the
neighboring L1 node in the L1 list, based on the verification, such that a resultant position of
the L1 node is the initial position of the neighboring L.1 node and a resultant position of the

neighboring L1 node is the initial position of the L1 node.

11. The method of claim 9, wherein additional L2 nodes correspond to additional respective
buckets in the hash table and each respective L2 node comprises a usage counter that is an
instance variable reflecting a frequency with which data measurements stored for a respective

bucket corresponding to the respective L2 node are requested.

12. The method of claim 11, further comprising:
comparing the resultant position of the L1 node to a predefined pivot position;
and
issuing a command for a plurality of data measurements accessible through the
hash table to be downloaded via a network connection and stored in a local block of
digital memory at the UE based on the comparison of the resultant position of the L1

node to the predefined pivot position.

13. The method of 11, further comprising:
comparing the resultant position of the neighboring L1 node to a predefined
pivot position; and
issuing a command for a plurality of data measurements accessible through a
hash referenced by the neighboring L1 node to be uploaded via a network connection
and stored in a remote block of digital memory based on the comparison of the

resultant position of the neighboring L1 node to the predefined pivot position.

14. The method of claim 7, wherein identifying the L2 node associated with the time interval
in which the data measurement was taken is achieved by applying a hashing function to a

datum associated with the data measurement.
15. The method of claim 7, wherein the L1 node further comprises a size instance variable

indicating an amount of digital memory being used to store data measurements that are

accessible through the hash table.
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16. The method of claim 7, wherein the L2 node further comprises at least one of:
a size instance variable indicating an amount of digital memory being used to
store data measurements in the block of digital memory; or
a remote-storage-availability instance variable indicating whether data
measurements stored in the block of digital memory are stored remotely relative to the

UE.

17. A method of coordinating storage of data measurements between local digital memory at
a user equipment (UE) and a remote data store, the method comprising:
identifying a level-1 (L1) list of level-1 (L 1) nodes, wherein each respective
L1 node comprises a respective element priority counter that is an instance variable
indicating a frequency with which a respective hash table associated with the
respective L1 node is accessed, wherein each hash table comprises level-2 (L2) nodes
corresponding to buckets, wherein each L2 node comprises a respective usage counter
that is an instance variable reflecting a frequency with which data measurements
stored for the respective bucket are accessed, and wherein the L1 nodes are sorted in
the L1 list according to element priority counter values;
identifying a pivot index for the L1 list;
performing, for each respective L1 node having an index in the L1 list ranging
from the pivot index to a first terminal index, the following:
identifying a high-priority L2 node in a hash table associated
with the respective L1 node; and
determining whether data measurements of a respective bucket
corresponding to the high-priority L2 node are stored in the local

digital memory at the UE.

18. The method of claim 17, further comprising:
performing, for at least one L1 node having an index in the L1 list ranging
from the pivot index to the first terminal index, the following:
identifying a high-priority L2 node in a hash table associated

with the at least one L1 node;
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determining that data measurements of a respective bucket
corresponding to the high-priority L2 node are not stored in the local
digital memory at the UE; and

issuing a request to download the data measurements of the
respective bucket corresponding to the high-priority L2 node from the

remote data store.

19. The method of claim 18, wherein the high-priority L2 node has a usage counter with a
value indicating that data measurements stored for the respective bucket corresponding to the

high-priority L2 node are accessed frequently.

20. The method of claim 18, further comprising:

performing, for the at least one L1 node having an index in the L1 list ranging

from the pivot index to the first terminal index, the following:

determining that data measurements of the respective bucket
corresponding to the high-priority L2 node are likely to be accessed
because the data measurements in the respective bucket were taken
during a range of time in which frequently-accessed data
measurements were taken; and

identifying the high-priority L2 node in the hash table
associated with the at least one L1 node based on the determination
that data measurements of the respective bucket corresponding to the

high-priority L2 node are likely to be accessed.

21. The method of claim 17, further comprising:

performing, for each respective L1 node having an index in the L1 list ranging

from the pivot index to a second terminal index, the following:

identifying one or more L2 nodes in a hash table associated
with the respective L1 node, wherein the one or more L2 nodes
correspond to buckets for which data measurements are stored in the

local digital memory at the UE; and
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deleting the data measurements that are stored for the buckets
corresponding to the one or more L2 nodes from the local digital

memory.

22. The method of claim 21, further comprising:
performing, for each respective L1 node having an index in the L1 list ranging
from the pivot index to the second terminal index, the following:

identifying one or more non-backed-up L2 nodes in a hash
table associated with the respective L1 node, wherein the one or more
L2 nodes correspond to buckets for which data measurements are
stored in the local digital memory at the UE, and wherein each L2 node
comprises an instance variable indicating whether the respective L2
node is backed up at the remote data store;

sending the data measurements that are stored for the buckets
corresponding to the one or more non-backed-up L2 nodes to the
remote data store via a network connection; and

deleting the data measurements that are stored for the buckets
corresponding to the one or more non-backed-up L2 nodes from the

local digital memory.

23. The method of claim 17, further comprising:
performing, for each respective L1 node having an index in the L1 list ranging
from the pivot index to the first terminal index, the following:

identifying a number of high-priority L2 nodes in a hash table
associated with the respective L1 node, wherein the number of high-
priority L2 nodes is based on a respective element priority counter
value of the respective L1 node;

determining that data measurements of a plurality of respective
buckets corresponding to the plurality of high-priority L2 node are not
stored in the local digital memory at the UE; and

issuing a request to download the data measurements of the
plurality of respective buckets corresponding to the plurality of high-

priority L2 nodes from the remote data store.
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24, A system for storing data, the system comprising:

a sensor configured to gather data; and

a user equipment (UE) configured to receive data from the sensor, said UE
comprising circuitry configured to:

receive a data measurement taken by the sensor, wherein the data measurement was
taken during a time interval,

identify a type of the data measurement;

identify a level-1 (L1) node associated with the type of the data measurement,
wherein a level-1 (L1) list comprises the L1 node and the L1 node comprises an indicator of a
digital-memory address of a hash table associated with the type of the data measurement;

use a hash function to determine a hash key for the data measurement;

identify a level-2 (L2) node associated with the time interval in which the data
measurement was taken, wherein the L2 node corresponds to a bucket of the hash table
associated with the hash key and the L2 node comprises an indicator of a digital-memory
address of a block of digital memory for the bucket; and

determine whether there is sufficient space available in the block of digital memory

for the data measurement to be stored.

25. The system of claim 24, wherein the circuitry is further configured to:

identify that there is sufficient space available in the block of digital memory for the
data measurement to be stored therein, wherein the block of digital memory is of a predefined
size and the predefined size is sufficient for the block of digital memory to store one or more
data measurements; and

issue a command for the data measurement to be stored in the block of digital

memory based on the determination.

26. The system of claim 24, further wherein the circuitry is further configured to:

identify that there is not sufficient space available in the block of digital memory for
the data measurement to be stored therein, wherein the block of digital memory is of a
predefined size and the predefined size is sufficient for the block of digital memory to store
one or more data measurements, and wherein the hash key comprises a predefined number of

bits N;
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create a first expansion hash key comprising N+1 bits and a second expansion hash
key having N+1 bits, wherein the first expansion hash key and the second expansion hash key
have differing most-significant-bit values and the remaining N bits of both the first expansion
hash key and the second expansion hash key have values equal to the N bits of the hash key;

associate the first expansion hash key with the bucket of the hash table and with the
block of digital memory;

associate the second expansion hash key with an additional bucket of the hash table
and with an additional block of digital memory; and

issue a command for the data measurement to be stored in the additional block of

digital memory.

27. The system of claim 24, wherein additional L1 nodes are elements of the L1 List,
each L1 node that is an element of the L1 List comprises a respective element priority counter

that 1s an instance variable, and the L1 list is sorted based on element priority counters.

28.  The system of claim 24, wherein the L1 node further comprises a size instance
variable indicating an amount of digital memory being used to store data measurements that

are accessible through the hash table.

29.  The system of claim 24, wherein the L2 node further comprises at least one of:
a usage counter that is an instance variable reflecting a frequency with which
data measurements stored for the bucket corresponding to the L2 node are queried;
a size instance variable indicating an amount of digital memory being used to
store data measurements in the block of digital memory; or
a remote-storage-availability instance variable indicating whether data
measurements stored in the block of digital memory are stored remotely relative to the

UE.

30. A system for retrieving data, the system comprising:
a sensor configured to gather data; and
a user equipment (UE) configured to receive data from the sensor, said UE

comprising circuitry configured to:
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receive a request for a data measurement of a specified type, wherein the data
measurement was made by the sensor during a time interval specified in the request;

identify a level-1 (L1) node associated with the specified type, wherein the L1 node is
an element of a level-1 (L1) list, the L1 node comprises an indicator of a digital-memory
address of a hash table associated with the specified type, and the data measurement is
accessible through the hash table;

identify a level-2 (L2) node associated with the time interval, wherein the L2 node
corresponds to a bucket of the hash table and the L2 node comprises an indicator of a digital-
memory address of a block of digital memory in which the data measurement is stored for the
bucket; and

issue a command for the data measurement to be retrieved from the block of digital

memory.

31 The system of claim 30, wherein additional L1 nodes are elements of the L1 List,
each L1 node that is an element of the L1 List comprises a respective element priority counter

that 1s an instance variable, and the L1 list is sorted based on element priority counters.

32. The system of claim 31, wherein the circuitry is further configured to:

increment an element priority counter of the L1 node;

compare the element priority counter of the L1 node to an element priority counter of
a neighboring L1 node in the L1 List; and

swap a position of the L1 node and a position of the neighboring node in the L1 list
based on the comparison of the element priority counter of the L1 node to the element

priority counter of the neighboring L1 node.

33. The system of claim 32, wherein the circuitry is further configured to:

determine a difference between the element priority counter of the L1 node to an
element priority counter of a neighboring L1 node in the L1 list;
verifying that the difference meets or exceeds a predefined threshold value; and

swap an initial position of the L1 node and an initial position of the neighboring L1
node in the L1 list, based on the verification, such that a resultant position of the L1 node is
the initial position of the neighboring L1 node and a resultant position of the neighboring L1

node is the initial position of the L1 node.
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34.  The system of claim 32, wherein additional L2 nodes correspond to additional
respective buckets in the hash table and each respective L2 node comprises a usage counter
that is an instance variable reflecting a frequency with which data measurements stored for a

respective bucket corresponding to the respective L2 node are requested.

35. The system of claim 34, wherein the circuitry is further configured to:
compare the resultant position of the L1 node to a predefined pivot position; and
issue a command for a plurality of data measurements accessible through the hash
table to be downloaded via a network connection and stored in a local block of digital
memory at the UE based on the comparison of the resultant position of the L1 node to the

predefined pivot position.

36. The system of claim 34, wherein the circuitry is further configured to:

compare the resultant position of the neighboring L1 node to a predefined pivot
position; and

issue a command for a plurality of data measurements accessible through a hash
referenced by the neighboring L1 node to be uploaded via a network connection and stored in
a remote block of digital memory based on the comparison of the resultant position of the

neighboring L1 node to the predefined pivot position.

37. The system of claim 30, wherein identifying the L2 node associated with the time
interval in which the data measurement was taken is achieved by applying a hashing function

to a datum associated with the data measurement.

38.  The system of claim 30, wherein the L1 node further comprises a size instance
variable indicating an amount of digital memory being used to store data measurements that

are accessible through the hash table.
39.  The system of claim 30, wherein the L2 node further comprises at least one of:

a size instance variable indicating an amount of digital memory being used to store

data measurements in the block of digital memory; or
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a remote-storage-availability instance variable indicating whether data measurements

stored in the block of digital memory are stored remotely relative to the UE.

40. A system for coordinating storage of data measurements, the system comprising:
one or more sensors configured to make data measurements;
a user equipment (UE) configured to receive data from the one or more sensors, the
UE comprising local digital memory and circuitry configured to:
identify a level-1 (L1) list of level-1 (L 1) nodes, wherein each respective L1
node comprises a respective element priority counter that is an instance variable
indicating a frequency with which a respective hash table associated with the
respective L1 node is accessed, wherein each hash table comprises level-2 (L2) nodes
corresponding to buckets, wherein each L2 node comprises a respective usage counter
that is an instance variable reflecting a frequency with which data measurements
made by the one or more sensors and stored for the respective bucket are accessed,
and wherein the L1 nodes are sorted in the L1 list according to element priority
counter values;
identify a pivot index for the L1 list;
perform, for each respective L1 node having an index in the L1 list ranging
from the pivot index to a first terminal index, the following:
identify a high-priority L2 node in a hash table associated with
the respective L1 node; and
determine whether data measurements of a respective bucket
corresponding to the high-priority L2 node are stored in the local

digital memory at the UE.

41. The system of claim 40, wherein the UE further comprises circuitry configured to:
perform, for at least one L1 node having an index in the L1 list ranging from
the pivot index to the first terminal index, the following:
identify a high-priority L2 node in a hash table associated with
the at least one L1 node;
determine that data measurements of a respective bucket
corresponding to the high-priority L2 node are not stored in the local

digital memory at the UE; and
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issue a request to download the data measurements of the
respective bucket corresponding to the high-priority L2 node from a

remote data store.

42. The system of claim 41, wherein the high-priority L2 node has a usage counter with a

value indicating that data measurements stored for the respective bucket corresponding to the

high-priority L2 node are accessed frequently.

43. The system of claim 41, wherein the UE further comprises circuitry configured to:

perform, for the at least one L1 node having an index in the L1 list ranging

from the pivot index to the first terminal index, the following:

determine that data measurements of the respective bucket
corresponding to the high-priority L2 node are likely to be accessed
because the data measurements in the respective bucket were taken
during a range of time in which frequently-accessed data
measurements were taken; and

identify the high-priority L2 node in the hash table associated
with the at least one L1 node based on the determination that data
measurements of the respective bucket corresponding to the high-

priority L2 node are likely to be accessed.

44. The system of claim 40, wherein the UE further comprises circuitry configured to:

perform, for each respective L1 node having an index in the L1 list ranging

from the pivot index to a second terminal index, the following:

identify one or more L2 nodes in a hash table associated with
the respective L1 node, wherein the one or more L2 nodes correspond
to buckets for which data measurements are stored in the local digital
memory at the UE; and

delete the data measurements that are stored for the buckets
corresponding to the one or more L2 nodes from the local digital

memory.
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45. The system of claim 44, wherein the UE further comprises circuitry configured to:

perform, for each respective L1 node having an index in the L1 list ranging

from the pivot index to the second terminal index, the following:

identify one or more non-backed-up L2 nodes in a hash table
associated with the respective L1 node, wherein the one or more L2
nodes correspond to buckets for which data measurements are stored in
the local digital memory at the UE, and wherein each L2 node
comprises an instance variable indicating whether the respective L2
node is backed up at a remote data store;

send the data measurements that are stored for the buckets
corresponding to the one or more non-backed-up L2 nodes to the
remote data store via a network connection; and

delete the data measurements that are stored for the buckets
corresponding to the one or more non-backed-up L2 nodes from the

local digital memory.

46. The system of claim 40, wherein the UE further comprises circuitry configured to:

47.

perform, for each respective L1 node having an index in the L1 list ranging

from the pivot index to the first terminal index, the following:

identify a number of high-priority L2 nodes in a hash table
associated with the respective L1 node, wherein the number of high-
priority L2 nodes is based on a respective element priority counter
value of the respective L1 node;

determine that data measurements of a plurality of respective
buckets corresponding to the plurality of high-priority L2 node are not
stored in the local digital memory at the UE; and

issue a request to download the data measurements of the
plurality of respective buckets corresponding to the plurality of high-

priority L2 nodes from a remote data store.

A user equipment (UE) comprising one or more processors configured to:

receive a data measurement taken by a sensor, wherein the data measurement was

taken during a time interval,
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identify a type of the data measurement;

identify a level-1 (L1) node associated with the type of the data measurement,
wherein a level-1 (L1) list comprises the L1 node and the L1 node comprises an indicator of a
digital-memory address of a hash table associated with the type of the data measurement;

use a hash function to determine a hash key for the data measurement;

identify a level-2 (L2) node associated with the time interval in which the data
measurement was taken, wherein the L2 node corresponds to a bucket of the hash table
associated with the hash key and the L2 node comprises an indicator of a digital-memory
address of a block of digital memory for the bucket; and

determine whether there is sufficient space available in the block of digital memory

for the data measurement to be stored.

48. The UE of claim 47, wherein the one or more processors are further configured to:
identify that there is sufficient space available in the block of digital memory for the
data measurement to be stored therein, wherein the block of digital memory is of a predefined
size and the predefined size is sufficient for the block of digital memory to store one or more
data measurements; and
issue a command for the data measurement to be stored in the block of digital

memory based on the determination.

49. The UE of claim 47, wherein the one or more processors are further configured to:

identify that there is not sufficient space available in the block of digital memory for
the data measurement to be stored therein, wherein the block of digital memory is of a
predefined size and the predefined size is sufficient for the block of digital memory to store
one or more data measurements, and wherein the hash key comprises a predefined number of
bits N;

create a first expansion hash key comprising N+1 bits and a second expansion hash
key having N+1 bits, wherein the first expansion hash key and the second expansion hash key
have differing most-significant-bit values and the remaining N bits of both the first expansion
hash key and the second expansion hash key have values equal to the N bits of the hash key;

associate the first expansion hash key with the bucket of the hash table and with the
block of digital memory;
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associate the second expansion hash key with an additional bucket of the hash table
and with an additional block of digital memory; and
issue a command for the data measurement to be stored in the additional block of

digital memory.

50. The UE of claim 47, wherein additional L1 nodes are elements of the L1 List, each L1
node that is an element of the L1 List comprises a respective element priority counter that is

an instance variable, and the L1 list is sorted based on element priority counters.

51. The UE of claim 47, wherein the L1 node further comprises a size instance variable
indicating an amount of digital memory being used to store data measurements that are

accessible through the hash table.

52. The UE of claim 47, wherein the L2 node further comprises at least one of:
a usage counter that is an instance variable reflecting a frequency with which
data measurements stored for the bucket corresponding to the L2 node are queried;
a size instance variable indicating an amount of digital memory being used to
store data measurements in the block of digital memory; or
a remote-storage-availability instance variable indicating whether data
measurements stored in the block of digital memory are stored remotely relative to the

UE.

53. A user equipment (UE) comprising one or more processors configured to:

receive a request for a data measurement of a specified type, wherein the data
measurement was made by a sensor during a time interval specified in the request;

identify a level-1 (L1) node associated with the specified type, wherein the L1 node is
an element of a level-1 (L1) list, the L1 node comprises an indicator of a digital-memory
address of a hash table associated with the specified type, and the data measurement is
accessible through the hash table;

identify a level-2 (L2) node associated with the time interval, wherein the L2 node
corresponds to a bucket of the hash table and the L2 node comprises an indicator of a digital-
memory address of a block of digital memory in which the data measurement is stored for the

bucket; and
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issue a command for the data measurement to be retrieved from the block of digital

memory.

54. The UE of claim 53, wherein additional L1 nodes are elements of the L1 List, each L1
node that is an element of the L1 List comprises a respective element priority counter that is

an instance variable, and the L1 list is sorted based on element priority counters.

55. The UE of claim 54, wherein the one or more processors are further configured to:

increment an element priority counter of the L1 node;

compare the element priority counter of the L1 node to an element priority counter of
a neighboring L1 node in the L1 List; and

swap a position of the L1 node and a position of the neighboring node in the L1 list
based on the comparison of the element priority counter of the L1 node to the element

priority counter of the neighboring L1 node.

56. The UE of claim 55, wherein the one or more processors are further configured to:
determine a difference between the element priority counter of the L1 node to an
element priority counter of a neighboring L1 node in the L1 list;
verifying that the difference meets or exceeds a predefined threshold value; and
swap an initial position of the L1 node and an initial position of the neighboring L1
node in the L1 list, based on the verification, such that a resultant position of the L1 node is
the initial position of the neighboring L1 node and a resultant position of the neighboring L1

node is the initial position of the L1 node.

57. The UE of claim 55, wherein additional L2 nodes correspond to additional respective
buckets in the hash table and each respective L2 node comprises a usage counter that is an
instance variable reflecting a frequency with which data measurements stored for a respective

bucket corresponding to the respective L2 node are requested.

58. The UE of claim 57, wherein the one or more processors are further configured to:
compare the resultant position of the L1 node to a predefined pivot position; and
issue a command for a plurality of data measurements accessible through the hash

table to be downloaded via a network connection and stored in a local block of digital

60



WO 2017/053059 PCT/US2016/050445

memory at the UE based on the comparison of the resultant position of the L1 node to the

predefined pivot position.

59. The UE of claim 57, wherein the one or more processors are further configured to:
compare the resultant position of the neighboring L1 node to a predefined pivot
position; and
issue a command for a plurality of data measurements accessible through a hash
referenced by the neighboring L1 node to be uploaded via a network connection and stored in
a remote block of digital memory based on the comparison of the resultant position of the

neighboring L1 node to the predefined pivot position.

60.  The UE of claim 53, wherein identifying the L2 node associated with the time interval
in which the data measurement was taken is achieved by applying a hashing function to a

datum associated with the data measurement.

61. The UE of claim 53, wherein the L1 node further comprises a size instance variable
indicating an amount of digital memory being used to store data measurements that are

accessible through the hash table.

62. The UE of claim 53, wherein the L2 node further comprises at least one of:

a size instance variable indicating an amount of digital memory being used to store
data measurements in the block of digital memory; or

a remote-storage-availability instance variable indicating whether data measurements

stored in the block of digital memory are stored remotely relative to the UE.

63. A user equipment (UE) comprising local digital memory and one or more processors
configured to:
identify a level-1 (L1) list of level-1 (L 1) nodes, wherein each respective L1
node comprises a respective element priority counter that is an instance variable
indicating a frequency with which a respective hash table associated with the
respective L1 node is accessed, wherein each hash table comprises level-2 (L2) nodes
corresponding to buckets, wherein each L2 node comprises a respective usage counter

that is an instance variable reflecting a frequency with which data measurements
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made by one or more sensors and stored for the respective bucket are accessed, and
wherein the L1 nodes are sorted in the L1 list according to element priority counter
values;
identify a pivot index for the L1 list;
perform, for each respective L1 node having an index in the L1 list ranging
from the pivot index to a first terminal index, the following:
identify a high-priority L2 node in a hash table associated with
the respective L1 node; and
determine whether data measurements of a respective bucket
corresponding to the high-priority L2 node are stored in the local

digital memory at the UE.

64. The UE of claim 63, wherein the one or more processors are further configured to:
perform, for at least one L1 node having an index in the L1 list ranging from
the pivot index to the first terminal index, the following:

identify a high-priority L2 node in a hash table associated with
the at least one L1 node;

determine that data measurements of a respective bucket
corresponding to the high-priority L2 node are not stored in the local
digital memory at the UE; and

issue a request to download the data measurements of the
respective bucket corresponding to the high-priority L2 node from a

remote data store.

65. The UE of claim 64, wherein the high-priority L2 node has a usage counter with a
value indicating that data measurements stored for the respective bucket corresponding to the

high-priority L2 node are accessed frequently.

60. The UE of claim 64, wherein the one or more processors are further configured to:
perform, for the at least one L1 node having an index in the L1 list ranging
from the pivot index to the first terminal index, the following:
determine that data measurements of the respective bucket

corresponding to the high-priority L2 node are likely to be accessed
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because the data measurements in the respective bucket were taken
during a range of time in which frequently-accessed data
measurements were taken; and

identify the high-priority L2 node in the hash table associated
with the at least one L1 node based on the determination that data
measurements of the respective bucket corresponding to the high-

priority L2 node are likely to be accessed.

67. The UE of claim 63, wherein the one or more processors are further configured to:
perform, for each respective L1 node having an index in the L1 list ranging
from the pivot index to a second terminal index, the following:
identify one or more L2 nodes in a hash table associated with
the respective L1 node, wherein the one or more L2 nodes correspond
to buckets for which data measurements are stored in the local digital
memory at the UE; and
delete the data measurements that are stored for the buckets
corresponding to the one or more L2 nodes from the local digital

memory.

68. The UE of claim 67, wherein the one or more processors are further configured to:
perform, for each respective L1 node having an index in the L1 list ranging
from the pivot index to the second terminal index, the following:
identify one or more non-backed-up L2 nodes in a hash table
associated with the respective L1 node, wherein the one or more L2
nodes correspond to buckets for which data measurements are stored in
the local digital memory at the UE, and wherein each L2 node
comprises an instance variable indicating whether the respective L2
node is backed up at a remote data store;
send the data measurements that are stored for the buckets
corresponding to the one or more non-backed-up L2 nodes to the

remote data store via a network connection; and
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delete the data measurements that are stored for the buckets
corresponding to the one or more non-backed-up L2 nodes from the

local digital memory.

69. The UE of claim 63, wherein the one or more processors are further configured to:
perform, for each respective L1 node having an index in the L1 list ranging
from the pivot index to the first terminal index, the following:
identify a number of high-priority L2 nodes in a hash table
associated with the respective L1 node, wherein the number of high-
priority L2 nodes is based on a respective element priority counter
value of the respective L1 node;
determine that data measurements of a plurality of respective
buckets corresponding to the plurality of high-priority L2 node are not
stored in the local digital memory at the UE; and
issue a request to download the data measurements of the
plurality of respective buckets corresponding to the plurality of high-

priority L2 nodes from a remote data store.
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Recetving, at a user equipment (UE}, a data measurement taken
by a sensor, wherein the data measurement was taken duringa ¥\~ 810
time interval

:

Identifying a type of the data measurement o 620

;

Identifying a level-1 (1.1} node associated with the type of the

data measurement, wherein a level-1 (L1} list comprises the L1

node and the L1 node comprises an indicator of a digital-memory ¥ %" 630

address of a hash table associated with the type of the data
measurement

!

Using a hash function to determine a hash key for the data A\ 6540
measurement

é

Identifying a level-2Z (L2} node associated with the time interval
in which the data measurement was taken, wheremn the 1.2 node
corresponds to a bucket of the hash table associated with the hash ¥\ _.» g5p
key and the L2 node comprises an indicator of a digital-memory
address of a block of digital memory for the bucket

'

Determining whether there 15 sufficient space available 1o the N 650
block of digital memory for the data measurement to be stored

FIG. 6
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Recetving, at a user equipment (UE), a request for a data
measurement of a specified type, wherein the data measurement ¥\~ 710
was made during a time interval specified n the request

Identifying a level-1 (L1} node associated with the specified tvpe,
wheren the L1 node is an element of a level-1 {(L.1) hist, the L1
node comprises an indicator of a digital-memory address ofa P i~ 720
hash table associated with the specified type, and the data
measurement 15 accessible through the hash table

Identifying a level-2 (L2} node associated with the time interval,
wherein the L2 node corresponds to a bucket of the hash table and
the L2 node comprises an indicator of a digital-memory address ¥ % 730
of a block of digital memory m which the data measurement 1s
stored for the bucket

Issuing a command for the data measurement to be retrieved from N\ 740
the block of digital memory

FIG. 7
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Identifying a level-1 (1.1) list of level-1 (L.1) nodes, wherem each
respective L1 node comprises a respective element prionity
counter that 1s an instance variable indicating a frequency with
which a respective hash table associated with the respective L1
node 1s accessed, wherein each hash table comprises level-2 (1.2) - 810
nodes corresponding to buckets, wheren each L2 node comprises
a respective usage counter that 1s an instance variable reflecting a
frequency with which data measurements stored for the respective
bucket are accessed, and wherein the L1 nodes are sorted in the L1
bist according to element priority counter values

. 820

Identifying a pivot index for the L1 hist

Y B30

Performung, for each respective L1 node having an
index in the L1 list ranging from the pivot mdex to a
first termunal index, the following:

Identifying a high-priority L2
node in a hash table associated ¥ A\ 840

with the respective L1 node

:

Determining whether data
measurements of a respective
bucket corresponding to the high- ¥\ 850
priority L2 node are stored in the
local digital memory at the UE

FIG. 8
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 2, 14, 21-23, 25, 37, 44-46, 48, 60, 67-69(completely);
1, 7, 17, 24, 30, 40, 47, 53, 63(partially)

A method of coordinating storage by using a hash function,
wherein

data is stored when determined that sufficient space is
available in a block of digital memory with a predefined
size.

2. claims: 3, 18, 26, 41, 49, 64(completely); 1, 7, 17, 24, 30, 40,
47, 53, 63(partially)

A method of coordinating storage by using a hash function,
wherein

when determining that there is not sufficient space
available, additional buckets of memory are concatenated
using a supplementary hash functionality.

3. claims: 4, 8-13, 27, 31-36, 50, 54-59(completely); 1, 7, 17, 24,
30, 40, 47, 53, 63(partially)

A method of coordinating storage by using a hash function,
wherein

the data items to be stored or retrieved are prioritized.

4. claims: 5, 15, 28, 38, 51, 61(completely); 1, 7, 17, 24, 30, 40,
47, 53, 63(partially)

A method of coordinating storage by using a hash function,
wherein

an amount of the memory used through the hash table is
indicated in a size instance variable.

5. claims: 6, 16, 19, 20, 29, 39, 42, 43, 52, 62, 65,
66(completely); 1, 7, 17, 24, 30, 40, 47, 53,
63(partially)

A method of coordinating storage by using a hash function,
wherein

the frequency of storage, size instance or storage location
are comprised in the storage data structure.
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