ENHANCED GRID RELIABILITY THROUGH PREDICTIVE ANALYSIS AND DYNAMIC ACTION FOR
STABLE POWER DISTRIBUTION BACKGROUND 1. Field of the Disclosure 100011The present
disclosure relates generally to a system and method for improving reliability of a power grid, and more
particularly, to the predictive analysis of aggregated demand and supply of power, and to the dynamic
reallocation of supply to meet predictions in demand in prevention of fault conditions. 2. Related Art
[0002]Power grids are extensive and may be geographically diverse in being spread over large areas.
In some regions, large distances between communities, especially in rural areas, may separate
sections of a power grid. Still, the communities may rely on the same main grid for power, where the
main grid is fueled by traditional power sources such as coal, gther natural fuels, water and nuclear

[00031IncreasingyHANEWEHARID BEEM BHAEY ISTRQEGHARBERKATKEANAL ¥ feBsed to

augment the main powelDiMNAFHESA FEHEN SEHRCSE ABIEJROWER AASKIREBY 60N e of power to local
households, buildings and communities.

BACKGROUND

1. Field ofthe Disclosure

[0001] The present disclosure relates generally to a system and method for
improving reliability of a power grid, and more particularly, to the predictive analysis
of aggregated demand and supply of power, and to the dynamic reallocation of supply
to meet predictions in demand in prevention of fault conditions.

2. Related Art .

[0002] Power grids are extensive and may be geographically diverse in being
spread over large areas. In some regions, large distances between communities,
especially in rural areas, may separate sections of a power grid. Still, the
communities may rely on the same main grid for power, where the main grid is fueled
by traditional power sources such as coal, other natural fuels, water and nuclear
[0003] Increasingly, renewable or “green” energy sources such as solar and wind
may be used to augment the main power gird. These power sources may provide an
auxiliary source of power to local households, buildings and communities.
Renewable energy sources may also be connected to the main power grid to provide
power generation as an additional supply of power that may become available to other
users on the grid, such as users in neighboring homes, units or communities.

[6004] The increase numbers of renewable energy sources connected to the grid,
however, presents new challenges because these renewable energy sources inject
variability and unpredictability into the power grid as a whole. For example, it may
be difficult to reliably predict how much the sun will shine or the wind will blow
during a period of time. Combined with the fact that power grids are also becoming
increasingly more distributed and far-reaching, results in a complex network
environment that is difficult to control with stability from week to week, day to day or
even from minute to minute. This is particularly the case in geographic areas that are

growing rapidly without a commensurate growth in available power.
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Renewable energy sources may also be connected to the main power grid to provide power
generation as an additional supply of power that may become available to other users on the grid,
such as users in neighboring homes, units or communities. [0004]The increase numbers of renewable
energy sources connected to the grid, however, presents new challenges because these renewable
energy sources inject variability and unpredictability into the power grid as a whole. For example, it
may be difficult to reliably predict how much the sun will shine or the wind will blow during a period of

time. Combined with the fact that power gri I Ing increasingly more distributed and
far-reaching, results in a complexprzetworglj( Sﬁm&mﬁ ?fficult to C(?ni/rol with stability from
week to week, @aydp dasRE sMaR anscrBiue-ta dminyitelthisds Rasticidary the aaserin geographic
areas that are growing rapidly without a commensurate growth in available power. BRIEF SUMMARY
10005]The preSewitar PG ERARKH S oS i ARIFRIY RAYS SPRRIMHEPHGHIRATRY for and
analyzing grid gyenteata faR PSS RPASHIAPHOR-ANROVIAE 98N BHARRMIGRS IR PAVISE QFd,

anticipate events based on the analysis, and predict an outcome of the future event based on new

events and pastlrRR/RIriBE I HoWEREBASIAPISH SYEPSOHRE RShRF ARV RVRE BORIEW event data or

new events may,ReagarRaated &l & hensaneldry il leval urie @ns doakidlipg:atgammpenity and
regional levels. Analysis of the aggregated new events ma%/ lead to anticipation_ of a higher-level new

event in the gritBarsielehiay Mk shiticharid At dREIBAE B MBI ARES e grid.
[0006]Applicatipygf cRizi{sAIPIRMS AR 30dr eoatadhiiatdeany tutherlead dochpirgicten of an
outcome of the new event at a hierarchical level of the power grid. Based on any prediction from the
above predictidifE] BVEmsjah FHdy ERitE BHLReHAcRENHHEY CoMAKABLEBARISHSRE AN Attnption
or generations gleyiceseaniattempt to resolve the potential fault. In response to the demand
response command, these devices may adjust the amount of power consumed or_generated, or may

shut down or tdR¥H. ThéeBlifRaIOMCE AR slrthmumndharaetigasd P rmgr e UERETdGEHS of

devices at houg%a%ﬁ&! SOMMBLRtIe ve kB HentiRemayla cansitaree i degidingite which devices to

send a deman res(?onse command. 100071Further anaI%(sis may be performed in the case of an
identified devicBasf 1ons, the system may send a demand

response command to one or more consumption or generations devices in an attempt to

on any prediction from the above predic

resolve the potential fault. In response to the demand response command, these devices
may adjust the amount of power consumed or generated, or may shut down or turn on.
The command may be sent to individual devices or may be sent to groups of devices at
household or community level. Priorities may be considered in deciding to which
devices to send a demand response command.

[0007] Further analysis may be performed in the case of an identified device or
groups of devices that has deficient power or energy. Additional analysis may identify
closest powér source(s) in the grid that may have excess power and actions may be taken
to redistribute the excess power to the deficient devices or group of devices. In so doing,
the system may analyze the paths of the grid that may extend between the excess power
sources and the devices that need the excess power. Part of the analysis may recommend
action and/or take actions to skirt around or go through obstacles in the power grid so that
the excess power may be successfully transferred to the devices that have deficient power
sources.

[6008] In one example, a processor-implemented method for enhancing the
stability of the power grid may include orchestrating peer-to-peer communication
between power consumption devices over a communication network, each of the

power consumption devices being associated with an access device operable to
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groups of devices that has deficient power or energy. Additional analysis may identify closest power
source(s) in the grid that may have excess power and actions may be taken to redistribute the excess
power to the deficient devices or group of devices. In so doing, the system may analyze the paths of
the grid that may extend between the excess power sources and the devices that need the excess
power. Part of the analysis may recommend action and/or take actions to skirt around or go through
obstacles in the power grid so that the excess power may be successfully transferred to the devices
that have deficient power sources. [0008]In one e E?émple, a processor-implemented method for

n
enhancing the BISBIHE IR BEREPY M I F SRIERHRHND SevRts-pks Higtion

between powergRRSUHRRLIAN AVIRES Oval: A saMmMNIsationNaiMeck @358l thEnQWesgRsumption
devices being associated with an access device gperable to provide communication with other of the

consumption dégteeBaT HHEHBE TSI RIARERTHBIREIrOP VSR \evaHPR-RR BT &8 komalifibtion
devices. The ngy:gyvaptdata mayingids IIormaiomsesding hie.devnedosalienpperating

information of the devices, and/or sensor data from the devices. The method may further analyze the
new event dataatalyeectiminevpovest detsintistiombehpeivtroftheiompisuniptivvigewcds: The method

may further anticipate an occurrence.of a f veng I Ve t lysis | tion to at least
one of the con DR K e B B A8 D 2 e even:
based on analyisiaf ¢henteesivedivewoatenindbtasnretasioon copesebehamdardata of the consumption

device, and communicate the anticipated future event and the predicted qutcom ope or more of the
other consumpﬁ%sﬁgmggg.d%ﬁﬁﬁﬁm s{BEﬁH%% BHH Eﬁhgr}%ﬁfgﬁﬁﬁt SR SORE r%%enﬁégﬁﬁclude,
among other stguetiiliRgcd pragesseiatdia nepwosd nteriaceedecuiabitabyine paecossavite monitor
for new event data from power consumption devjces over a network. The new event data may include

infollllation reg iRl &Y RAPRICARBA S5¥Heig SO MIHBH G R AR R <L ARUUFHEYSH Rf the
devices. The sygpiememaidustiesme to one or more of the other consumption devices,

[0009] A system for enhancing reliability of a power grid may include, among
other structures, a processor and a network interface executable by the processor to
monitor for new event data from power consumption devices over a network. The
new event data may include information regarding device Eocation, operating
information of devices, and sensor data from the devices. The system may further
include an estimation engine executable by the processor to analyze the new event
data to determine power consumption behavior of a consumption device. The
system may further include a predictor executable by the processor to anticipate an
occurrence of a future event responsive to the analysis, and to predict the outcome
of the future event based on analysis of the new event data in relation to past
behavior data of the consumption device. The network interface may further
communicate the anticipated future event and the predicted outcome to one or
more of the other consumption devices.
[0010]  Another processor-implemented method of enhancing reliability of the power
grid may include determining power demand from buildings that include power
consumption devices connected into the power grid. The method may further
determine an amount of power supply available from power sources that feed the

~ buildings. The method may further calculate 2 power demand-supply gap at each of

at least some of the buildings. The method may further forecast times when and
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include an estimation engine executable by the processor to analyze the new event data to determine
power consumption behavior of a consumption device, The system may further include a predictor
executable by the processor to anticipate an occurrence of a future event responsive to the analysis,
and to predict the outcome of the future event based on analysis of the new event data in relation to
past behavior data of the consumption device. The network interface may further communicate the
anticipated future event and the predicted outcome to one or more of the other consumption devices.

[0010]Another processor-implemented. method of enhancing, reliabjlity of the power.grid may include
determining polERHHRERIHSREDORBTRTS HAESAARFROSSH W%Bﬂgnﬁgv%@s%%ﬁ%%g@gimo the

power grid. Theymethed WiaydURheh defeining @RpRQUAOHRIOWe-sliRply available from power
sources that feed the buildings. The method may further calculate a power demand-supply gap at

each of at leasi @ of tHeeBBRMAGNaHEIFRR SatFEEIG RRE CIoREERAtHderReR arddSidentifying
building locatiofs; Wher ¢ SRR Semand sLpRY RARYILNGTE A% 2NELIRRE ARCNADES dhgs power

demand-supply gap will decrease. [00111The method may further determine one or more paths

between a firstiswileing’ mm@m@ayﬁmb@@d@mmmw&whiﬁbm B@W%@m%a\_/e excess
power. The mellae i TIhEl IR M6 ARAERA RANIAY % demandsuapk.eaR i

e
increasing at the ing, an , a nearest power sourcelocate g the one or more
paths, the nearkestpolwbrgptire elavingerqesbp diversupplpand seingcalble figclasesshmwer

~demand-supply power gap beforg, the first byilding reaches a blackout condijtion,,Accardingly., the
timing of the abﬁﬁRPVYX %%%@8%8%%83%%8\%&? ?li]n%lgla ég%lagr%wde&g& r%eui{s)rgcgpgrﬁ%ﬁ%ggéggpower
sources that havedhxeessiagwer tomfflaad. Abeomittizdyl tayifuitiesinicludsisendidglayeoiumand to the
nearest power source to transfer some of the excess power to.the first building, to allevjate a threat of

the blackout coRBESHPAM A RSt IS ARSI Gt RHP S PSFEhia RErRt £° FOREGFSLRAHPBES o will

become, appargptde 9Re With skilbimthernapExaninaden pidbadetaving figuresanrkceiailed
description. It is intended that all such additional systems, methods, features and be included within

this descriptionh B GHBITETS Qetisd O it Gisemat i BAEHEH BREE IR IoWHELIKms. BRIEF
DESCRIPTION, QK IHE RRAVINGSylackout condition at the first building.

[0012]  Other systems, methods, and features will be, or will become, apparent to
one with skill in the art upon examination of the following figures and detailed
description. It is intended that all such additional systems, methods, features and be
included within this description, be within the scope of the disclosure, and be

protected by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 is a block diagram of a power flow prediction and actuation
system.

[0814] Figure 2 is a block diagram of a distributed information network at a
societal or community level in which the system of Figure 1 may be deployed.

[0015] Figure 3 is a flow chart of a method for dynamic distributed data
collaboration between consumption devices of the distributed information network of
Figure 2.

10016} Figure 4 is a flow chart of a method of dynamic aggregation and
disaggregation of data from consumption devices in a distributed data collaboration

within the network of Figure 2.



[0013]Figure 1 is a block diagram of a power flow prediction and actuation system. [0014]Figure 2 is a
block diagram of a distributed information network at a societal or community level in which the system
of Figure 1 may be deployed. [0015]Figure 3 is a flow chart of a method for dynamic distributed data
collaboration between consumption devices of the distributed information network of Figure 2.
[0016]Figure 4 is a flow chart of a method of dynamic aggregation and disaggregation of data from
consumption devices in a distributed data collaboration within the network of Figure 2. [0017]Figure 5
's a flow chart {J[Ind assomaﬁ&e grallt rgwo&%rrp gli[l %%sgjgzzggg%gonthm of a method for dynamic

aggregation and disaggregation of consumption data at device, household and societal

levels for power distribution estimations.

[0018] Figures 6A, 6B and 6C are block diagrams of examples of dynamic

distributed estimation with distributed data collaboration for power flow predictions

at, respectively, device, household and societal levels.

{6019] Figure 7 is a flow chart of a method of estimation to determine power

usage choices selectable by users for energy consuming devices at household and

societal scale.

[6020] Figure § is a flow chart of a method of estimating aggregated equilibrium

of demand, load, capacity and reserve at household, societal and macro levels.

[0021] Figure 9 is a flow chart of a method of actuation for location-based search-

and-feed analysis to determine likely demand-capacity gap and availability of load

and reserve power sources. |

[0622] Figure 10 is an abbreviated power grid diagram of control and data

processing in relation to the search-and feed process of Figure 9.

[0023] Figure 11 is a flow chart of a method of predicting likely demand-capacity

gap and available load, capacity, reserve for optimal power flow control.

[0024] Figure 12 is an abbreviated power grid diagram exhibiting power flow

predictive analysis between sub-areas of a power grid.

[0025] Figure 13 is a screen shot of an example application executable by an

access device such as shown in Figure 1.

10026} Figure 14 is a screen shot of an example set of energy usage options as

related to an identified access device that are selectable by a user.

[0027] Figure 15 is a screen shot of an example chart for tracking source of power

consumption and associated savings due to use of societal power.

[00:28] Figure 16 is a screen shot of an example geographic-based power flow

map with focus on data from locations of interest.

10029} Figure 17 is an example screen shot for the distributed information

network as shown in Figure 2, in which a device may annotate power data.



aggregation and disaggregation of consumption data at device, household and societal levels for
power distribution estimations. [0018]Figures 6A, 6B and 6C are block diagrams of examples of
dynamic distributed estimation with distributed data collaboration for power flow predictions at,
respectively, device, household and societal levels. [0019]Figure 7 is a flow chart of a method of
estimation to determine power usage choices selectable by users for energy consuming devices at
household and societal scale. [0020]Figure 8 is a flow chart of a method of estimating aggregated
equilibrium of demand, load, capacity and reserve at household, societal and macro levels.

[0021]Figure 9i¥3Mow JHSHERS IMAHBEFBAARLPAAGFISTIBI ATHALEY 2desetiohiRRaY Fnalysis to

determine likelygle mamecapasiiiaanandaveaiabiivheiioadanddespovepouydsaadepes. [0022]Figure

10 is an abbreviated power grid diagram of control and data
demand-capacity forecasts.

DETAILED DESCRIPTION

10031} By way of overview, the example embodiments described below relate to a
system and methods for reliable and stable distribution of power, using renewable
energy generated by ordinary households, communities and/or operators other than
power companies. Orchestrating information and power flow for such stability may
use systemic forecasting, simulating and optimizing power flow control methods,
design and processing techniques embedded in devices located in a distributed
complex grid network environment, with or without aggregated centralized control.
The orchestrating may use atomic-level data collaboration to determine causes of
location-based demand surge, and to optimize search-and-feed of power to loads and
management of capacity and reserve power sources, such as renewable energy
generation sources, Furthermore, dynamic optimal power flow control may manage
uncertainty in real time with real-time data at all levels, e.g., from device to units or
households .to communities, and the like.

10032] According to an embodiment, a power flow prediction and actuation
system may be operable to estimate a location-based device-specific state based on
location-based conditions, activities and usage through use of multiple sources of
distributed data. The system may be further operate to apply advancing analyses
techniques in real-time to adaptively influence power flow decisions at device,
household and societal levels. Entities may respond to actuation and targeting
mechanisms with dynamic distributed data at a location and at a moment in time
through collaboration that is relevant to individual devices.

[0033] Analytical prediction for each device may be aggregated to form a
collection of dynamic, predictive decisions relevant to a household, and the collection
of such decisions may be used to anticipate events at a societal level, and to predict
the outcome of those events. The system may then load balance across at least

portions of the power grid to reduce the likelihood that anticipated mcreases in



processing in relation to the search-and feed process of Figure 9. [0023]Figure 11 is a flow chart of a
method of predicting likely demand-capacity gap and available load, capacity, reserve for optimal
power flow control. [0024]Figure 12 is an abbreviated power grid diagram exhibiting power flow
predictive analysis between sub-areas of a power grid. [0025]Figure 13 is a screen shot of an example
application executable by an access device such as shown in Figure 1. [0026]Figure 14 is a screen
shot of an example set of energy usage options as related to an identified access device that are
Sl Dy B o e A Bt oot ARt R QT e Ing, S0y ree of power

power supply or quality of the supply.

[0034] For simplicity and illustrative purposes, the principles of the disclosed

embodiments are described by referring to examples thereof. In the following

description, numerous specific details are set forth in order to provide a thorough

understanding of the embodiments. The embodiments, however, may be practiced

without limitation to these specific details. In some instances, well known methods

and structures have not been described in detail so as not to unnecessarily obscure the

description of the embodiments. Furthermore, different embodiments are described

below, and may be used or performed together in different combinations.

[0035] Figure 1 is a block diagram of a power flow prediction and actuation

system 100. The system 100 may be configured to gather data from multipie sources

including an access device 101, also referred to as a household portal 101, power

consumption devices 102 including but not limited to electric vehicles (EV), plug-in

hybrid electric vehicles (PHEV) and EV/PHEV charge stations and other external

data sources 122.

[0036] The multiple data sources may be used to gather location, power

consumption data, and actuation control data of devices and send the information to

the system 100. The household portal and access devices may include switches,

gateways, hubs, routers and the like adapted to communicate via a network protocol,

to intelligently store and route data based on subscriber-based messaging or other

protocols.

[0037] The multiple data sources may include the household portal 101 and power

consumption devices 102, which may communicate with the system 100 over a

network 120 using any communication platforms and technologies suitable for

transporting data, such as behavior data, data, geographic location data. Examples of

networks may include wireless networks, mobile device networks (e.g., cellular

networks), closed media networks, subscriber television networks, cable networks,

satellite networks, the Internet, intranets, local area networks, public networks, private

networks, optical fiber networks, broadband networks, narrowband networks, voice

communications networks and any other networks capable of carrying data.



consumption and associated savings due to use of societal power. [0028]Figure 16 is a screen shot of
an example geographic-based power flow map with focus on data from locations of interest.
[0029]Figure 17 is an example screen shot for the distributed information network as shown in Figure
2, in which a device may annotate power data [0030]Figure 18 is a screen shot of an exemplary
portion of a location in a power grid, to illustrate optimal flow control mechanism to meet a power gap
between demand-capacity forecasts. DETAILED DESCRIPTION [0031]By way of overview, the

example embodiments described below relate to a . . .
(0038 Data may be transmitted via data transmission protocols including, by way

of non-limiting example, Transmission Control Protocol ("T'CP"), Interet Protocol
("TP"), File Transfer Protocol ("FTP"), Telnet, Hypertext Transfer Protocol ("HTTP"),
Hypertext Transfer Protocol Secure ("HTTPS"), Session Initiation Protocol ("SIP"),
Simple Object Access Protocol ("SOAP"), Extensible Mark-up Language ("XML")
and variations thereof, Simple Mail Transfer Protocol ("SMTP"), Real-Time
Transport Protocol ("RTP"), Device Datagram Protocol ("UDP"), Global System for
Mobile Communications ("GSM") technologies, Code Division Multiple Access
("CDMA™ technologies, Time Division Multiple Access ("TDMA") technologices,
Short Message Service ("SMS"), Multimedia Message Service ("MMS"), radio
frequency ("RF") signaling technologies, signaling system seven ("SS7")
technologies, Ethernet, in-band and out-of-band signaling technologies, and other
suitable networks and protocol technologies.

[0039] The power consumption devices 102 may be associated with or include
one or more access devices 101. An access device may include a sensor, meter,
processing capability, electronic storage and memory, and other computing
components. An access device may subscribe to one or more services (e.g., a wireless
telephone or messaging service) provided over the network 120. Data provided from
an access device or another source to the system 100 may be tagged to identify the
power consumption device, the access device or other source of the data.

[0040] An access device 101 may include any device configured to perform one
or more of the access device processes described herein, including communicating
with the system 100. An access device may include a wireless computing device, a
wireless communication device (e.g., a mobile phone), a portable computing device
(e.g., a laptop), a portable communication device, a personal digital assistant, a
network connection device, a data recording device (e.g., a camera, audio recorder,
video camera), a vehicular computing and/or oomm‘uhication device, and any other
device configured to perform one or more of the access device processes described
herein.

[0641] The power consumption device 102 may include any devices that
consumes electricity and may be used for household, such as household appliances,

electric meters, cable, switch, power quality measures, transmitters, distributors,
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system and methods for reliable and stable distribution of power, using renewable energy generated
by ordinary households, communities and/or operators other than power companies. Orchestrating
information and power flow for such stability may use systemic forecasting, simulating and optimizing
power flow control methods, design and processing techniques embedded in devices located in a
distributed complex grid network environment, with or without aggregated centralized control. The
orchestrating may use atomic-level data collaboration to determine causes of location-based demand
surge, and to optimize search-and-feed of power to loads and management of capacity and reserve

power sourcesSSitH LS SHBIELIS SHENGy GaHEF abiTH LS IRtESI R FIREFRISHB CaSFRSATR: optimal power

flow control m%mwmi&wﬂm%iﬂmqwmgﬁM, data at all levels, e.g., from device to
units or households to communities, and the like. [0032]According to an embodiment, a power flow

prediction and Ki&kion dj&arateany ierepefuphstireliin datesidrassor b dua o datapedtic state

based on locatignihasae:eonoitions arReMétisn anshusagethroughiissioh andtiplesalraessof distributed
data The system may be further operate to app‘li;/ advancing analyses technigues in real-time to
[

adaptively influe e FSWeriAe A sepldivd pRteiahstt e Lo iStal fN/A1E BATRRESs may

respond to actyatomABehiapaeingy Mech aniamEwith shinarmie distiibtited datsiat.anleeatian and at a
moment in time throug: collaboration that is relevant to individual devices. 100331Analytical prediction

for each devicé Ml a2y drsddEPiovioin deeR R B RaRe v edioRcegRgidithe Yelevant to a

household, andithe:eolietiarofsbeh-Aoseisinnsaaynpecded idanikinaiesevratscatamgocietal level,
and to predict the gutcome of those events. The system may then load balance across at least

portions of the BEWEF gPIIBSERERE e Ikelihood that anticipated increases in demand might result in

brownouts of bjggkgpts. Arawacwrisa nEietpinaducadpawarslpabbaicqualii of thradsupply.
[0034]For simplicity and illustrative p rpogftias, the prin@:\iﬁjles of the disclosed emHodiments are
g

described by rélBiR I RS PIRE t i 05881 SRR SBERIE SRR Eleifeetails are

set forth in ordefd@ipravidea shomighdneasstanding of phe embadimnenis., dhe @mbadifivars,
however, may be practiced without limitation {qQ these specific details. In some instances, well known

methods and stOEtEFdR ke MGt bR N AEERADE A RIS RBE (F MIE BRI L fre the

description of the emhedimenissnwthedepre odifferest embediments are described below, and may be

used or performed together in different combinations. [0035]Figure 1.is a block diagram of a power
flow precrl)ictio'n g’ﬁé‘ﬂgtuation he Jo% trac em%gmay mo%oltor, ;Ssggn and retain processglg Hﬂeilta P

jobs on behalf of the device. The data storage for name code 110 may monitor, assign
and retain name codes of processing data on behalf of the device. The data storage
for the task tracker 111 may monitor, assign and retain processing data tasks on behalf
of the device. For example, the data storage may include a hard drive, network drive,
flash drive, magnetic disc, optical disc, random access memory ("RAM"), dynamic
RAM ("DRAM"}, other non-volatile and/or volatile storage unit, or a combination
thereof. Data may be temporarily and/or permanently stored in the data storage 108.
The components of the system 100 may include software, hardware or a combination
of hardware and software. The components may include machine-readable
instructions stored on a computer readable medium and be executable by a processor
or other processing circuitry to perform the functions of the system 100.

[0045] - The system 100 may further include a locator 112 that determines the
location of devices from sensor data. For example, sensors of the access devices 101
may provide the geographic locations of corresponding consumption devices 102.
The sensors may operate on location technology, such as Geographic Information
System (GIS) or Global Positioning System ("GPS") technologies, to determine the

geographic location of the devices 102 according to determined coordinates. Other
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system 100. The system 100 may be configured to gather data from multiple sources including an
access device 101, also referred to as a household portal 101, power consumption devices 102
including but not limited to electric vehicles (EV), plug-in hybrid electric vehicles (PHEV) and EV/PHEV
charge stations and other external data sources 122. [0036]The multiple data sources may be used to
gather location, power consumption data, and actuation control data of devices and send the
infonnation to the system 100. The household portal and access devices may include switches,
gateways, hubs, routers and the like adapted to communicate via a. network, protocol, to intelligently
store and routegﬂléﬁ}Bé?@&%ﬂ%%@ﬁ%%ﬁ@e@%%@%&lﬁﬁ F’ﬁ%?&%&. Tbﬁ%a}ﬁﬁee multiple

data sources mayiingiieibe hauserald wartal tlcandippvier ¢orsymticngdericedfR indich may
communicate with the sl\éstem 100 over a network 120 using any ommunicg i0 glatfoi s and
technologies sUTTEHRS TSP INEHSH; A0 SHERas SRS AL é}%% 1 focation data.

Examples of netwosks siayin desteowdele sonetoiksica il edevicenabydiksdea. ¢ teellular networks),
closed media networks, subscriber televisjon networks, caple networks, satellite networks, the Internet,
intranets, local SHEEThERR SRSt rﬁéﬂé&ﬁﬁoﬁﬁ%ﬁ@%&%&Eé‘fagﬂtilc?a:i fitser %eé?%ﬁgf%road band
networks, narrgpubanaghietwarks: voihe remtumnitadiofsrhenwrks and any other networks capable of
carrying data. Data may be transmitted via data transmission protocols including, .by way of
non-limiting ex;ﬁ&g ,Tra%%%%ﬁ Sty BFSHSLEEE: ””ﬂ"fﬁf@’rﬁ%%}g?&}?o%ﬁ(“?ﬁ’" ,HI%%O ransfer
Protocol ("FTP'9f Helheirdhrdestext reanshersyriaaah( bErER ) etipe dexddliassfesiRsatiocal Secure

("HTTPS"), Session Initiation Protocol ("SIP"), Simple Ohject Access Protocol ('SOAP"), Extensible
Vark up LanguliER (e PED S SO CS Ao TIAFRALr OO TERAE . Roal Time
Transport Proteeat{dRIBs}, sParilarRatagiant frotagal iy GlabalkSystehacapMabile _
Communications ("GSM") technologies, Code Division. Multiple Access, ("CDMA") technalogies, Time
Division Mt BAERE s KR RRES TR A SHET A ST e (PERIE) i ogia
Message ServiggidMMSpitatiofibienay( Ridnaignaking fachnralngi®s, signaliigpsysie seven
("SS7") technologies, Ethernet, in-band and out-of-bangjgs%i Iing teégr/lol gies and o%hgr suitable
networks and pfOICERtERBloNIHs? (O3B HE B %’ P EEE £89 SSe associated

with or include emerelsesecaonass dewaesuth thAl asnassodevieenvihydocludebeddiesan. meter,

processing capability, electronic storage and memory, and other computing components. An access
device may su Beﬂ@%ﬁ%’&%i%?@%éﬁié%@’(%e COXS}%ereég‘ss }ngé%?h%u 35 eaen

g, a wire neor mesgagelrﬁg service)
provided over tpgagiwork 12 theath advidedrfrany ah@beceashdédida o anniherispurgerto the system
100 may be taggeq (o identi the pOWERORSUNBNN ARt e accesp ASvise L gl sgurce of the

described herein and which, when loaded in a computer system, is able to carry out

these operatioris. Computer program in the present context means any expression, in

any language, code or notation, of a set of instructions intended to cause a system

having an information processing capability to perform a particular function, either

directly or after either or both of the following: a) conversion to another language,

code or notation; b) reproduction in a different material form.

[0048] The system 100 may further include an actuator controller 118 which may

create and receive data, including data that has been created or received using an

access device. For example, the actuator controller 118 may receive data from the

device 102, such as enabled device choices (e.g. “insufficient load of voltage

available” signals) and organize the data for storage in the data storage 108. The

actuator controller 118 may provide one of more functions, including but not limited

to indexing, directing, processing, editing, rating, labeling, commenting, blocking,

reporiing, and categorizing data. The actuator controller may also determine a time of
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[0040]An access device 101 may include any device configured to perform one or more of the access
device processes described herein, including communicating with the system 100. An access device
may include a wireless computing device, a wireless communication device (e.g., a mobile phone), a
portable computing device (e.g., a laptop), a portable communication device, a personal digital
assistant, a network connection device, a data recording device (e.g., a camera, audio recorder, video
camera), a vehicular computing and/or communication device, and any other device configured to
perfoun one or more of the access device processes described. herein. 0041]Tﬁ power consumption

device 102 ma§SHERdE AR R BER EOH B S IRRAR AT dRY i bE & e A 18 ARSASEhold, such

as household appliaTee saletit e ouelerssallerisuitshihpRwen sniality mpdassres, transmitters,
distributors, substations, sensors detectin%gv 611 (%, sensors detecting current time, sensors detecting
,Eﬁc. %2

arrival and depHidre timé NBASHEHEEAYEP: CLyREEH FOGHTY TUARRTRAUR data
storage 108 thasigres gatactsetkhin hiesistenasl0R ik cbaBionalaboticadnebaedsumption and

access devices (-devices") and aggregate household and socjetal-scale behavior. The data storage
108, for examptsCMIARPLEdPSAESCA 25 %%Hf‘ﬁﬁ??@n%%’é‘fﬁﬁty%‘f% H%E?q(:i toficard et'at%%at was used
for previous degistem Makingy dairiprdvidetdo Dpgeactatedhytdedeer-anatathettrifoimation that may

impact decision making,,such as cuyrrent weather, planned outages, etc. [0043]The data storage 108
may include a @ﬁ@%%&l&i&ﬁ%}sﬁgﬁ%}ﬁ%&?ﬂf %Sno?%#c?rg&tg@gt%éfﬁ?%ﬁ]tel%‘é gogorage 108 may
include one or meredaipasitragadnesiaoteyices; os perbiguedtionsiandrrdsiiaaipieyaayhiype, form,

and combination of storage media. The data storage 108 may_.also include onge ar more data storage
for a job trackeprwg%gﬁegﬁ?%@’ﬁgl%%’%ntg%ffé?fﬂgﬁfg?[ﬁf}?e Con_sumpnon cvice rom

where the power consumption data originated.

[00506] In response to detecting certain events within the power consumption data,
the system 100 may initiate a search for electricity load, capacity and reserve
information (“supply information™) within a predefined geographic proximity
between an origin of power capacity and a target location that needs additional power
supplied to avoid a brownout or blackout. For example, the target location may be the
location of the power consumption device or a group of power consumption devices.
The search may extend to specified locations between the origin and target locations.
The system 100 may search for information on the consumption data that is accessible
to an access device within the predefined geographic proximity, and the consumption
device may utilize the access device to request and receive the consumption data from
the system 100.

[0051] The actuator controller 118 may also store consumption data received from
the consumption device 102, and selectively distribute (or publish) the data to other
access devices 101 based on geographic locations of corresponding consumption
devices. For example, when an access device enters within a predefined proximity of
a geographic location associated with particular consumption data, the system 100
may make the consumption data accessible to the access device. The system T00 may
send a notification that the data is accessible to the access device once within the
predefined proximity. The access device may, in turn and based on communication
with identified consumption devices, send the consumption data (or other grid
information) to those consumption devices that request the information. The power

consumption devices, in some cases, may subscribe o periodic updates via messaging
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[0044]The job tracker 109 may monitor, assign and retain processing data jobs on behalf of the device.
The data storage for name code 110 may monitor, assign and retain name codes of processing data
on behalf of the device. The data storage for the task tracker 111 may monitor, assign and retain
processing data tasks on behalf of the device. For example, the data storage may include a hard drive,
network drive, flash drive, magnetic disc, optical disc, random access memory ("RAM"), dynamic RAM
("DRAM"), other non-volatile and/or volatile storage unit, or a combination thereof. Data may be

temporarily and/or permanently stored in the data storgge 108. The components of the system 100
may include soFPARS SRS ARAFESIP 51eaﬁﬁﬁ?ﬁ%gﬁ%ftﬂ@?m%%ﬁ%%ﬂ%%. h&Compbnents may

include machingd@aaailednsiiistions stamd ened GOMPHIR iedabiebmadivniandbe exgcutable by a
processor or other processing circuitry to perk,m the functions of the system 100. [0045]The system
100 may furthét*ficlude a locator 112 that determines the location of devices from sensor data. For
example, sensgyesnf| the acassssdeVicasulDiimayiovidehe gragraptiadeaatinhaalisorresponding

consumption devices 102. The sensors may, operate on location technology, such as Gepgraphic
Information SySEMSEIS) BRETOEME BRLHFSHNG @%W?%%t%%% %?o"éi%&?&&od%ﬁ%ﬁﬂﬁ? the

geographic locafips ebikentievicend 02 acaastiog tadelieiivined codvainatesn Siarssullage
technologies may be used, includjng pringiples of trilateratign to evaluate radio frequency signals
received by thé SHERHSHIRBEVIEE R el @rs%ﬁ%@ % £ ﬁ%%&“ﬁ:?ﬁg}?élﬂ%ﬁ%&%%‘f? to
estimate the geegrephiclecationoftderdévic et 2arTideepgrapbipideatiodidata fftim the device 102
or sensors may be sent to the syst%E}glOO and stored in the data stor%%e 1%%% e locator 112 may

determine the JRBTTEPhEAS SRR HNEFEG SEL Y i Sib FRBHIBAD 1 Yahf £55 Way be
realized in hardwasenmpabweseageeconmbipation The consumption data may therefore include

information related to real-time consumption or current device activity, data
associated with target consumption and with transition between consumption levels.
[0653] The consumption data and related information may be based on forecasts
and forecast updates, which may be provided in real-time, with relation to current and
future activities and device trajectories. Data may be communicated for current
communications and communication threads in devices in real-time. Data may be
distributed via multicast or unicast techniques. The availability of data may be
selectively notified to consumption devices based on the consumptions, locations and
settings validated with an account of respective consumption devices. Consumption
and access devices may therefore share data with one another in connection with
geographic locations.

[0054] The actuator controller 118 may provide tools for indexing consumption
and related information on behalf of the consumption and access devices. The
actuator controller may also facilitate inter-communication of the consumption and
access devices. For example, a device that has been authenticated to publish data may
index the data such as by editing the data, rating the data, or publishing a comment
about the data to the system 100. The device that published the data may access the
index and respond to the device that provided the index. Such communications
between the devices may be processed as a communication-thread to which the device
involved may be granted access. Indices may be updated and distributed in real-time.
The index may include energy reserve updates such as reserve is empty, and updates

related to load and capacity information and the like.
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of hardware and software. The system may be realized in a centralized fashion in at least one
computer system or in a distributed fashion where different elements are spread across several
interconnected computer systems. Any kind of computer system or other apparatus adapted for
carrying out the methods described herein is suited. A typical combination of hardware and software
may be a general-purpose computer system with a computer program that, when being loaded and
executed, controls the computer system such that it carries out the methods described herein. Such a

programmed con(’;guter may be considered a special-purpose computer. [0047]The method and
system may ald8p&lembEBaswiFA Kb SHIREE AN Arodut M iepriratioas an s teMures

enabling the implemenialion ghihe enaratipRsIdassEbedherein.aathwhishiyesniagdegiie a computer
system, is able to carry out these operations. Computer program in the present context means any
expression, in ARPISHEITEEIE G hERSTBACUTHERIBR Pithat ABRLarte Hyadtyehoke dBgstem

having an infolipRtigndei9seasing Capabiibdadastermir Barkiaran SanatioRicgithenstisestly or after
either or both of the following: a%}gonversion to another language, code or notation; b) re&rqduction in

a different mat&FERIs8iRS OS] Preldpstath e rnayaHARr IREINER B dattandr'eswifiiel 148 which

may create angyigoeive Rata IDGUgingdaia thakhasheancseriedpilpeived4sing an access device.
For example, the actuator controller 118 may receive data from the device 102, such as enabled

device choices!f3flinsUmERFATISH BrAUBHERR S SIasIRligRleysaarardpesia dhtdtor storage in

the data storagsd@8r 1he Ay «aniollerelt 8 aYePEPYitiehens ebnereiisicians;dialuding but not
limited to indexing, directing, processing, editing, rating, labeling, commenting, blocking, reporting, and

categorizing datal H@@&Hﬁ#@éé@%&wﬁa@%@@@fﬁﬁﬁélﬁ%myo%%amﬁ%%ﬁabﬂﬁ%nd

updates at a copRssRBlioR.aericRdRseakine.d RerRsiuatesottiel ehday alspmatificAcsess,devices
of their actions and updates. 10049]The actuator controller 118 may further tri %er a search for

consumption d5PABIDEIEOLL P HsaesRt devipptofianddte Bifnty WA e Bsed on
geographic locatignsgf tbesepsmntiofhoevieestooeastigesssaddacexanpleathe systannt00 may

monitor for when a power consumption device enters within a predeteimined level of electricity

consumption aABtaAetEkRiRES R Jat a0l I TGy capacity. The monitoring may be performed

within a predefipedgeographitprexéntyydé a gerdraphisasafienhasspaiatedswidhatthe gansumption
device from where the power consumption data originated. 100501In response_to detecting certain
events within tﬁg%éﬁ%@ﬂé&%ﬁaﬂeagyause the published data as a consumption log. For

example, the consumption device may access published data based on different
consumption associated with the data and/or a period of time corresponding to power
usage associated with the data. The published data may be presented in the form of a
consumption log or in-take.

6058 As another exémplé, a consumption device may be used fo a particular
level of consumption and gain access to published data associated with the
consumption. The consumption device may utilize the published data to plan and/or
improve consumption activities. For example, published data may include
recommendations or suggestions as to how to save energy with the consumption
device. Such publishing may be provided by other users on the same or similar
device and may be based on their experiences.'

[6059] In yet another example, a data instance may be used to distribute local
information. For instance, an organization may provide a data instance on the device
for informational purposes, including information about voltage fluctuations, plan
outages, power quality fluctuations, pattern of use, maintenance conditions, risk
conditions and the like. The consumption device 102 that gains access to the

published information may index and/or respond to the information as described
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the system 100 may initiate a search for electricity load, capacity and reserve information ("supply
information™) within a predefined geographic proximity between an origin of power capacity and a
target location that needs additional power supplied to avoid a brownout or blackout. For example, the
target location may be the location of the power consumption device or a group of power consumption
devices. The search may extend to specified locations between the origin and target locations. The
system 100 may search for information on the consumption data that is accessible to an access device
within the predefined geographic proximity, and the consumption device may. utilize the access device

to request and Fa0%ive thE BRIt BRI FbAT YIRS Satene DB st s sseitd¥s2dontroller 118

may also store GaBsHPRIiCH dakad aanitech Fomathe.con swmption gderisenko dualivhsetaetisely distribute
(or publish) the data to other access devices 101 based on geo hic locatjons of corresponding

s > ra
consumption d%ii’}?é‘ég‘.l\fﬁ?teg}(@rﬁ%‘i’élf‘i}ﬂ‘i‘érﬁea%’éléﬁéggsb‘mgg%fﬁ%?g R RDIESHREG Br8ximity of a
geographic locgienagsediatey with particular consumption data, the system 100 may make the

consumption data accessible to the access device. The system 100 may sen otification that the
data is accessibl&Y the LREs¥StERICY B ! 1"6? #?588%?6)?#5&&?. ?ﬁ%egé%é%% device may,

in turn and basgd@RscamMbBiEatiandwplidestlied censunpiion Hgpitasssentichrgeansumption data
(or other grid information) to those consumption devices that request the information, The power
consumption d&HEEEY =§ri‘i’ﬁ§ ELEREOTPA BB ebé‘?ﬁ%‘ﬂf@ di&g ’ﬁ%{d}ﬁ@@ﬁang from access

devices in closeghpigximityfatfla ROt BeRaynapiomatyicemiTpatedafineupsasinityethay change
over time or be redefined by the system 100 or a user. 10052é|n thisgv y, consumption devices 102
working in con&&t it EREHE SRS efieh) RTARS A FRRE LS hSOMBHEH f&Sed on

current consumpdion -ial gebeemns s mpiienikasd/dcaatiaraiian. staie indieativecaf dymemiesensygy use.
Target consumption may refer to anticipated or predicted levels o;%(e)nsugtion or ?% esired level of

consumption URBEFSAREAER ARG RSN SR SUBSIT B ASES TR SnSTiSHEHRLE May include a

stationary state:Rediansiiomsiatespdaesiiomatouuantsdasurgption to target consumption. The
consumption data may therefore include information r@ ted to real-time consym éi n or current device
ix i

activity, data ad@®&fted WRhHGRIE GERG Withtranioh LERVESH Rvels.
[0053]The consmmptiondate and delated infoisoatiohcriay behasddnnTacetastsiandfgiecast updates,
which may be provided in re I-Sme, with relation to current and.future actiyvities ar%d d(f\t/ice trajectories.
Data may be cd%‘%ﬁﬁﬁﬂéﬁf’é’dﬁlﬁ) %ﬁ%ﬁ%ﬁ?ﬁ%ﬁ?&ﬁ@% l?r};ﬁca:?f%:)aﬁst?ﬁléla%is ifi tevices in
real-time. Data@ay &e distiilviedviandioltichst ergybicashiaohhiguesent Hoavalabilityidgédlata may be

selectively notified to consumption devices based an the consumptjons, locations and seitings
validated with &1 AcOSTHIBE ELSEMRILR %%ﬁéﬁﬁ%‘&%\%%%%fa@?glﬁgﬁ%ﬁsﬁ‘dﬁ%ﬁ a‘?@ggso &ices may

therefore shareddataseditioeseianthericeonnestibfowithsgeggraghic pocatianas{OFAiThe actuator

controller 118 r{:]l’?g/l erso olzg gazz%oclsgr]:glrnil?lgneéni \%?;Q %Jar?%g%rllovided to the system 100. The
algorithni engine 114 may prompt the consumption device for approval or
confirmation before data is provided to the system 100. Alternatively, an access
device may automatically provide the data to the system 100 once location data has
been generated and associated with the consumption data.
{0062] The system 100 may further include an information management
framework 119. The information management framework 119 may process, transmit
and receive data over the network 120, including receiving data representative of
consumption data and associated additional data, e.g., location data, from
consumption devices. The information management framework may also provide
data representative of consumption data to consumption devices 102 by way of the
network. The information management framework 119 may include and/or support

any suitable distributed data platforms and technology for communicating with and

transporting data t and from consumption devices 102 over a network in unicast and
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and related information on behalf of the consumption and access devices. The actuator controller may
also facilitate inter-communication of the consumption and access devices. For example, a device that
has been authenticated to publish data may index the data such as by editing the data, rating the data,
or publishing a comment about the data to the system 100. The device that published the data may
access the index and respond to the device that provided the index. Such communications between
the devices may be processed as a communication-thread to which the device involved may be

granted access. Indices may be updated and distributed in real-time. The index may include energy
reserve update®dlicrraisiPesatingisTampomaiion aereratsi dranesarkdd T information and

the like. [0055Ebhe aystem P sray-SHRROERIMIGBYAT Ieh: ¢ aRRisatiaas.and, usaSolhane example,
a power consumption device (e.g., a household appliance) may utilize an access device to record

energy consuniBibiiat et vseRaemes ReeRarara e HertEbeAssIRAY BeseBrIFg ¥ to detect

the consumption;at gwpidh) thedeta Wakereatadifasaociate thesate withibe.cepauamtianmand post the
data and location. This may be referred to as publishing location-based device consumption data.

[00561FurtherrA8Yeb-Batsih 8bwar temirmprion ke #dyhsdikesociated with another access
device within appedefinedievelebenesay SoRstHBPIRMASaqFRIRGWItNAe: pURlished data. In such a

case, the system 100 may send a notification of the accessible data to the access device, in response

to which the cofSdifiiaRh devieschslPtddddnan8 bR <Rt Byt delesudnies 8 fHEM up, turn
down, hold or switch-affdisati it fenexanwen Buribe o the: coRsympiiap davicemaybe able to

view the data or make the data viewable to a user. [0057]As another example, a consumption device

may post usagd 8 ST tARYEILATH 0 Sind ST BEEHBINRE S¥&t AR 100N SlF RIS CUTESh sumption

log. For examplgethe cansHpRipnsiayicsnRay aseesstRellisbRd datshasedRa dffrrent consumption
associated with the data and/or a geriod of time corresponding to power usage associated with the

data. The publiéfgdcdatashusiae Fredenrdiihendoisrnins heSHaGh BRI HPHYEKe. [0058]As
another exampl@naueaRHRIRR BeseMaNie Baedia aRartistaldtceived from the data

sources.

0064} In one example, the system 100 may compare with historical observed
data, including power generation signatures or patterns stored in the data storage 108,
to predict that a consumption device is executing a specific activity (e.g., heating
water or toasting). The system 100 may make additional predictions about the future
activity of the consumption device, such as the device 102 is likely to be used at
certain time of the day and for a certain duration of time. The predictor 117 may
operate in conjunction with an estimation engine 115 (or estimator) and an algorithms
engine 114 for making the predictions. Examples of different functions and
technologies for the predictor 117 are described below. The predictor 117 may
execute a function or logic for making a forecast based on current data (e.g., event
data) and/or historical data, and provide continuous updates in real-time data. The
predictions and/or updates may be provided to the consumption and/or access devices
that may further communicate the predictions and/or updates to other consumption
and/or access devices in networked communication with the consumption and/or
access devices.

[6065] The system 100 may include an estimation engine 115 (or estimator) for
estimating the current and future demand, load, capacity, reserve, condition, life
cycle, and risk of failures and exposure of a device. The estimation engine 115 may

use consumption data and associated information, such as the geographic location,
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level of consumption and gain access to published data associated with the consumption. The
consumption device may utilize the published data to plan and/or improve consumption activities. For
example, published data may include recommendations or suggestions as to how to save energy with
the consumption device. Such publishing may be provided by other users on the same or similar
device and may be based on their experiences. [0059]In yet another example, a data instance may be
used to distribute local information. For instance, an organization may provide a data instance on the
device for informational purposes, including information ahout voltage fluctuations, plan. outages,
power quality FRRAEGHRCTRERTH S SR TrdMIBASHES SSHERIGRS é}}l&f}%ﬂ[ﬁg}%‘ gﬁnﬂ]ﬁs like. The
consumption deyigampRothaédains access to the published information may index and/or respond to
the information as described above. For e_xamile, a consumption dﬁv'c viewing published data

o\
descriptive of & ptior it UREHEHTEFME S THRY HSER HE BTG ﬁ%ﬁ”ﬁﬁ%{"ﬁ) W18 the data
about current siigcORGHIQBE Ko gtiot 8reonGnm piiofkisnipig R Bk deatt isslowarribema (egqrtain threshold).

[0060]The system 100 may further include an algorithm engine 114 that may process, add, modify and
apply data anafy&8&mbgae W%tﬁﬁﬁﬁ'\ﬁ %Mﬁ%ﬁéﬁﬁé% peat éf’c}ﬁ’e d?ﬁymP%lolﬁ%lr%ﬁ%n with other
techniques. TheJRathematicaiesiniguesameay dncluse:just iy, wiasa ofexandplecseriBupervised and

unsupervised machine learning, stochastic gradient learning, queuing mode], computational game
theory and quafii QiR ARIPAIRASEEERB iﬁfﬂﬁ?gﬁﬁﬁﬂé{ﬁgﬁa{gﬁ%gﬁgﬁ%l ??8%%%5 executed on

data received in|peailtkimedresanaspast Aavices jexarmpachysxerdioneithedocator 112 and
actuator controller 118. [0061]For example, algorithm epgine 114 may ly a statistical model based
on, and to orgaﬂﬁ’i%?‘fﬂ%lﬂgfa%mpﬁb?ﬁg&r?ﬁ‘gﬁﬁ% ' 6%%@1%1%%5 1BhyiHe 114 may
provide data regyigseniativeioh the-cansunpiion dptamanchassdeistadidaie (FEY togetdacation data
and/or other tagged data) to the system 100. The, provided d%ta incltjdir‘I’? C nsumgtio data,

i?%“g},1 %P

associated geo ft fIRALISH ERAERY SerR S ST P GRS BB RVEHT LAY and forecasting
a list of power-¢orsanptienicheicesdat eachecansimpticinglevice may be provided to the system 100.

The e_llgorith_m engine 114 ma prorE t the G nsumption gev'ce for a val or go irmation_ before
data is prowdeélﬂt%ﬁ{ﬂe syg%‘r%iﬁ%t. ﬁ?e?ﬁ%tﬁ%’éwogﬁ Rée gg‘i&fé\}f&%#%$SW%8%§ﬁeaﬁ?/nprOV|de the data
to the system 10RQtpeeNIOA &h iadaas dean] genevatecaadsapiaciated, wila ke aoBsliafption data.
L0062 The sy g (BB S OB A S h R 8 E S naions about a

consumption device. For example, the estimation engine 115 may use event data,

such as location-based dynamic behavioral data, from the data sources to predict

device usage, recognize location-specific target activities and to respond with data and

data updates within an ultra-short duration, such as real-time or near real-time. The

estimation engine 115 may make these estimations even when geographic and

temporal behavioral information is only partially available, which may include

instances when information from some of the data sources may be missing.

[6068] The system 100 may further include an actuator 116 to trigger data

execution. The actuator 116 may include a data actuator with a controlling

mechanism to search a location where the gap between demand and load, capacity and

reserve (“the demand-capacity gap”) is likely to occur in a near-future time horizon.

The actuator 116 may find available load, capacity and reserve in a particular location

and amechanism by which a data agent acts upon an environment. The data agent can

be either an intelligence agent or any other antonomous system to perform search.

The actuator 117 may further perform reads and writes, rotate, edit and may update

data received from consumption devices on demand. The actuator 117 may send

triggers to the device 102 to perform their tasks, and act upon any changes in the
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framework 119. The information management framework 119 may process, transmit and receive data
over the network 120, including receiving data representative of consumption data and associated
additional data, e.g., location data, from consumption devices. The information management
framework may also provide data representative of consumption data to consumption devices 102 by
way of the network. The information management framework 119 may include and/or support any
suitable distributed data platforms and technology for communicating with and transporting data t and
from consumption devices 102 over a network in unicast and multi-cast formation, The information

management fEFHENERED! 10 FASY LRI BSH RIS HCGRRIBIG JAsEs bHeistibinay tatssdi&tforms,
protocols, and {grpatsrsyeh dhalthareysian) 408 veay.recaivesdakbianrsistibutesheansimption

sources and send data by way of a variety of platforms (e.g.,.a mobjle telephone service platform, a
web-based plaffefrif BreVMSERBEI BRI RIS EAY PhLhmdask %@8@]%@%@ FEO AP RUARES include a
predictor 117 fogspakingipgedictions. The predictor 117 may generate predictions for determining the
current and next activity of a consumition device and provide continuous updates between the current

and next activit886Hor exHif RS L)emsy fBEREDaRIEr R AR R EHRRPSEIL#APton, load,

capacity and resesvgiRvels plia RANer cansupRien deyisryTlke, systamolRg mavnfyiher determine
the current time at the power consumption device based on sensor data and other da;a received from

the data source$aHOBUTIRCEAe AN a MM agie Al BItPR i Ah &y Y mBFaakiRh FRYISEEAPbbserved data,

including powerganesAHBNHHENAIIrOS PRPRRES Stesed (MQiTe)daba st Rger{iSicihpiadict that a
consumption device is executing}a specific activity (e.g., heating water or toasting). The system 100

may make addiGHa! pricasa! d560 thé RinlFecthitridp SEtRREBn SoHSHoIASuReL OBtk s the

device 102 is likaly to-hedisechatysariaintinae ohther day Rithiar agsesisinchsatdon pfdime.aThe
predictor 117 may operate in conjunction with an estimation engine 115 (o}réstimato ) and an

algorithms engM& A 1oR HREi e prEitidrs: ERRRFPBIeRErBIRENR H RIS WPt Afologies for

the predictor 11¢aiendesethest belover Ihri predictor 117 may execute a function or logic for making a
forecast based on current.data (e.g., event data) and/or historical data, and provide ¢ontinuous

updates in realfifi@Hata. FHEPFEREIORIEN HBYLDRSTEL R BE Brohieects 78 #hsumption and/or

access devices;ihahsaytuhes compauicatadthe Rediel ansad aevpeates o aikenaangemption
and/or access devices in networked communicaiié)n with th 8clét()élsumption nd/or access d??]vices.

[0065]The syst&MH#H $ratyimdiiae R 2LHAibH dREHE VR VS F5Y S SRRISH G the current
and future demand 9ads Gapadibamesearvebeentiionfdifereyeitorand righffrilisesmrcthexposure of a

device. The estimation engine 115 may use consumption data and assqcigted information, such as the

geographic |00£ﬁgfﬁulaﬂy advantageous over traditional search methods particularly when
forecasting spatial-temporal energy demand, behavior, load, capacity and reserve
information at a societal level is more precise in highly dynamic and uncertain
conditions where data may be dynamic and more frequent at sub-second time horizon.
[6071}] The predictor 117 may use the estimation engine 115 and the actuator 116
to predict power consumption choices, also referred to as target choices or a choice
set, for a consumption device. For example, the predictor 117 may determine that 2
consumption device is likely to face unplanned outage, as estimated by the estimated
module 115 and predict that the device has arisk of failure at a certain time. The
predictor 117 may use a number of algorithms of functions, alone or in combination,
to make dynamic predictions and to provide an optimal response as a feedback-loop
for each consumption device modeled as a quantum candidate. The algorithms or
functions may include, for example: Heisenberg uncertainty principles (“IHUP”), M-
Coupled Non-linear Schrodinger equation (“MCNSE™), combinatorial optimization
(“CO”) support vector machines (“SVM™), evolutionary game (“EG”), quantum

statistical mechanics (“QSM”) and stochastic statistical processes (“SSP™).
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time, or other measured metrics, to make the estimations about the activities of the consumption
device. 100661The estimation engine 115 may use a number of algorithms or functions, alone or in
combination, including for example: Markov decision functions (e.g., Markov Chain Monte Carlo
(MCMCQ)) executed on event data, "partial memory-based" Markov functions executed on historical
data, sheaf-stack descent (SSD) functions to estimate aggregated functions and stochastic gradient
descent (SGD) algorithms to estimate optimization of objective functions. The algorithms or functions
may further include stochastic gradient boosting (SGB) functions to estimate decision trees and

ranking, optimdP8&hkrol eEhRRREEICR Bastirhee driandtatiiseldpadedefosabieatyXafd metrics,
and optimal po&f‘%ﬂ%@%@ﬂ@a%&&@ﬁﬂ%@ﬁ%d%&@@@ﬁg&ﬁﬁ@fﬂ@ balanging. TOR671The
un

algorithms and functions may further include Newton Raphson Method (NRM) to balance load and
reserve in ovedaEPRigrrbAg %y BaiSinrEeliRiMRER B BREtG it dmNtH Nty or make

other estimatiogs;ahe %@WB&%&%&&@ cracexamplegtaegstimaticnengineptmmay use event
data, such as location-based dynamic behavioral data, from the data sources to predict device usage,

recognize locafiSMiEserdiiehaed e fRitRs et sefoh & hitFriaR-PaRE Gatk #84Within an

ultra-short durgtjemdsUst ot aaltineomnieakEeakhiimevites estinmatignending thé3ireayraake these
estimations even when g?%%graphic and temporal behavioral information is only partially available,

which may inclE¥RETRSPRSE WhBRHIBAMALGHF BT SarHEib the BAIERAREERRIS oS iting.
100681The systamdlaammaiusthesinaldde anmciuatosih6ta ddggendptaaxepution dihgactuator

116 may include a data actuator with a controlling mechanism to search a location where the gap
between demanbcAidISERSEAPACRS Bl BserAipinEdSishiPchp Ry gap"Y is iy 88 Becur in a

near-future timgjagsiz@ibolhe.actiatov bibimaydindpy atakle: loasgtisapasiEandpiessr@diza particular
location and amechanism tf)%which a data agent acts upon an environment, The data agent can be

either an intelli§EHE8 aBACBIRARIHHERS SIS 8 ST SRRt St P SlsAr B SFMS actuator 117 may

further performtgadsang writes, dieiate regdibanshinathepdpte - datareseied drnagensumption devices
on demand. The actuator 117 may send friggers to_the device 102 to perform their tasks, and act upon

any changes int &3 nvirbAfRISE I Taldd Bt HES AP iro phsie YRS PFH R ARst Ifff:'é%ay be used

for various formg@f spgasHrenentside givethaimarpings ake wrsatetearimalinctionstrasd to provide
real time infoiniation of the task being performed by a consymption ar access device. [Of()69]The

actuator 116 m&§MGrHE e dsiftiedion %esﬁfﬁﬁcﬁ’&ﬁi octety, an optimal set o

power consumption choices may be determined for a consumption device or fora .
service associated with the power consumption device. For example, if the predicted
activities for a society indicate that a large number of devices are in use, the predictor
117 may modify the target use time for the consumption device, to eliminate the
likely outages or likely failure of the consumption device. The predictive analysis
may also apply to preventing likely outages or failure of a group of consumption
devices. A power service operation authority may use predictive information (e.g.,
events and anticipated outcomes to those events) to balance the electricity load locally
as well as at a societal level. Also, HUP may be used to estimate the state of a
consumption device, which may include a condition related to an activity, e.g., a state
of charge needed to provide an output for a motor.
{0074] The predictor 117 may use Schrodinger Equation (“MCNSE”) techniques
to systemically and dynamically predict both time-dependent and time —independent
behavioral changes attached to a series of stationary states as each stationary state 1s
classified and understood. The behavioral information may be restricted to smaller

sets, and since behaviors do not have exactly pre-determined properties (e.g., impact
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orientation of a device 102. The actuator 116 may use, among other techniques, search-and-feed
("SNF"), biological-microhabitat ("BM") predation strategy for evolutionary biology ("PSEB"), queue
theory ("QT"), optimal foraging technique ("OFT") and fractal design ("FD") methods to determine
shortest and most optimal path for search in dynamic conditions of the demand-capacity gap, and to
provide a dynamic optimal search result on load, capacity and reserve in neighborhood or close
proximity areas of a power grid. [0070]The actuator 116 may develop semi-supervised, unsupervised
and autonomous models based on the data received from the device 102, to determine the shortest

search path. TRE 4™ 4% HEACHIETE Y RARIE PRSIBSIHRBISE Ehara sbDPIsENfh dynamic

distributed dataifpspigdigtacblhal binmathethsaady be particularly advantageous over traditional
search methods garticularly when forecasting spatial-temporal energy demand, behavior, load,

capacity and rd8872% inforfiagchedt 2 ST R rRg mMOPRSHEEls M IRRIREH Y WHEIAMEY R certain

conditions wheggssiaia mayRedynamiaandmeis-freskentAosub-reranthdime-hender. [00711The
predictor 117 may use the estimation engine 115 and the actuator 116 to predict power consumption

choices, also réREAEH & BERRHTINSRBSERATMND kR o U AEMA T AR & a8 APt mple, the
predictor 117 mayfigigprise dhiadRGoNpHRalioe ReYicaépdikaly dodrceninplanmed outage, as

estimated by the estimated module 115 and predict that the device has a risk of failure at a certain

time. The predRBPTEAMLS bt MbePOPUBHIRM &bRIARRHO WoAa B M sHisTRtion, to make
dynamic prediclignganebigiprovitie A optinahigspanseamataechask pandoregaghgonsumption
device modeled as a quantum candidate, The algorithms or functions may include, for example:
Heisenberg unBeREiR iHREMELOR T RO I A ISR HHEA M BsRS dTh s SHUBIBIY(FACNSE™),
combinatorial oRLEEANGR (@1} SURRISIVeEkar Machines dtSVMLravplytrRabgame{'EG"),
guantum statistical mechanics (-QSM") and stochastic statistical processes ("SSP"). .[0072]The
predictor 117 r&§ RgAIErHeVOTp L A B ARSI S REFBRRE S Furhie! GRFARBHIBY use, risk of
outage and postauiagr stakikyCcangitions. The predictor 117 may further predict location-based
target activities (e.qg., EV/IPHEV chargi%régi and power consumption choices with a goal of dynamically

and optimally s g addffoREIRIel {d CORSUAOHSIT S B YR AR P REMEES R e ddtd may

include, but notiRiled s essagamiaxdiavigeaseantantabetas andinedike ikoserample, based on
prediction of the target activity, the system is opera ,{J%';g sendgé%e data dynamically a&d optimally in

the foim of me<dSdYE e \HSEREY SRS stafiBHR: atAd bcgym%etfé?ﬂ?ﬁfgi'h% tattén will close

for 15 minutes pés3QFMmarsas @udievvides dataiiaaniy eatinchiding theyneaiest [Daation of an EV /
PHEV charge statign. The (:I%'Ea may further inﬁlud a picéure sent to a distributed generator regarding
available enerddf FESE B A BRRE F L R A SO A AT A S T B PSP RHE AR &5y 2217 may use

Heisenberg ungeidaiinty Privgiples andiniedelption that is modified based on the predictions.
Combinatorial optimization combined with quantum statistical mechanics (“QSM”)
allows to dynamically- create new methods for analyzing decision trees for the
predictor 117, refine practical search algorithms for the actuator 116 and to determine
formulas and estimates of analyses of algorithms for the algorithm engine 114. This
combination of methods may be particularly advantageous over traditional accuracy
when forecasting spatial-temporal energy demand, behavior, load, capacity and
reserve information of a societal-scale. The combination may also be dynamic and
more frequent, €.g., at a sub-second time horizon.

[0077] The system 100 may include a processor 104, such as a central processing
unit, application specific integrated circuit (ASIC) or other type of processing circuit
with which to execute the processes and methods disclosed herein. The processor 104
may include one or more processors that may be executed in combination or in a

distributed environment.
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each consumption device as a quantum particle, to predict activities of a society of devices in
household. Based on the predictions for the society, an optimal set of power consumption choices may
be determined for a consumption device or for a service associated with the power consumption
device. For example, if the predicted activities for a society indicate that a large number of devices are
in use, the predictor 117 may modify the target use time for the consumption device, to eliminate the
likely outages or likely failure of the consumption device. The predictive analysis may also apply to
preventing likely outages or failure of a group of consumption devices. A power serviceg)peration

authority may {87 Bledictive RRsFA AT JUERa AR 4A ARG XA SRS Mel B tRGSeBvents) to

balance the elegitigitydaad locally aswelasakasesigtaemabsAln, HWR mayalsuseddo estimate
the state of a consumption device, which may include a condition related to an activity, e.g., a state of

charge needed 8 roWdENaeT SUiHM#s A AND BRI [ETRRHE Predril 97 ikl ‘s SEEinger

Equation ("MCNgEhdeshnigHes onsystamicalyiantdyanmicaly predichhethbmeaddeendent and time
-independent behavioral changes attached to a series of stationary s{ates as each ftati?%iry state is

classified and HHIRICHEBHIOTP R BEHAGH PAI RRIGHSEHSh [ Thy B FeehRtedts Somume ' since

behaviors do ngihave BIRELY PkEndalatmines, prRPer ies-(@ BuileNpad! of weatherodisserof device)
and when they are measured, results are combined with-stochastic and optimal c% trol methods.

[0075]Using th&agls P s ar Nkt HRRoBFRtitS ot tiscer R irchtdion and

momentum allgu:&nalVIiEsHeniniate mi_HpeeimBI LextabEbhccd eraai 4o thiipieceakies)
representation) and germ (a mathematical nation, of an gbject in/on a topological space captures the -
local propertied b (R BEREE W%MQ%WBPW&E%SSW%@?% fhﬁ %pﬁﬁ%éﬁ?gﬁg%us over

traditional discigtadata @oaregationdTaigiaduaniage srayodetivenframdarrcastiagispatial-temporal
behavioral information as a formation of a communit%/?:lsﬂevic s jn the com uniﬁg/ are,cor%ginuously used

in households TASFATEORS ARHRSUSK SRR iLAY) ERRSTAGH Yhit @é@‘gar?é&bfﬁé‘ PLEBHRBTER in a
dynamic enviroRg@t @¥eswRefpRapigbinferfoation isroiede availabiee 0876]3 he predictor 117

may also execute combinatorial optimization ("CO"). The combinatorial optimization may use the
predictions gen@fddld by the yEeEm Y068y ffH’c%Wé‘ Pé%%‘?,‘ams?ﬁﬁﬁég{,g' S ?ﬁﬁiﬁsgaﬁlgc%ﬁtisfactory"

use of energy ayidevios, househaisand SOREtabieVBlR fir decisiogiwher: epplatareriietiazmay be met.

The predictor may further construct and ,aléze objsfzir%g m§eting th? criteria suﬁgas?ﬁ%/ selecting a

next activity chSiRE b ha s iU ARBHSALER R YIRS EHEEhe. BSSBINERdd! oftimization

combined with gyl sskatistica maghanias (- RSVnwliprwsdadynamidalikigreate new methods for

analyzing decision trees for the predictor 1%7 _gefinf practical search allﬁ%rithms for the.actuator 116
detimac ik oot

and to determifR GG SnEEa TS R TR AES ﬁé&ﬁfﬁ&ugn%?ﬁ% 114. This
combination of methagsiaempRiicdany ddvantageous over traditional accuracy when forecasting

tial-t I d d, behayvior, load, ity and inf ti f ietal-scale.
The combinatol Rl ot e By AR e A AR SO e o,

[00771The system@@ama}emwm@ﬁmemﬂi&&éymgﬂ@ﬁgmﬁmﬁ@m@sﬂﬂ@ daiticagplication
sreslebbe G U ERTE T R L,
may be executetingatdeipationrer poa«isl)putestevdndnmentds to protect, hide, unprotect

and unhide household and choice set data.

[0081] Figure 2 is a block diagram of a distributed information (or collaboration)

network 200 at a societal level in which the system 100 of Figure 1 may be deployed.

The collaboration network 200 may include additional components not shown and

some of the components described may be removed and/or modified. For example,

the collaboration network 200 may represent a server that runs the system 100 or the

collaboration network 200 may include one of multiple distributed servers that

_perform the functions of the system 100 in a distributed computing environment.

[0082] The collaboration network 200 may include functional systems such as

meters and sensors 201 that employ instances of the system 100. The meters and
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100781The system 100 may further include a network interface 121, such as for connection to a Local
Area Network (LAN), a wireless 802.11x LAN, a 3G or 4G mobile WAN or a WiMax WAN, and a

- computer-readable medium 105. Computer readable medium 105 may be any suitable medium that
stores machine readable instructions to be executed by processor(s) 104. For example, the computer
readable medium 105 may be non-transitory and/or non-volatile, such as a magnetic disk or volatile
media such as RAM. The instructions stored on the computer readable medium 105 may include
machine readable instructions executed %;?lga?rocessor(s 104 to perform the methods and functions

of the system 16059rh & UoRi e rdags) i 19! AV TRIERTA S ST RY-SERRTHEIRB A storing

machine-readaplg-insteLationssangiasd aesiosingrdatadensperailysuniebawinciide information from
the data repository, for example for performing Project performance ana%sis. [0Q79]The system 100

may further inchSgEC &R BpBYHEFIP IS Qtemit 8B QG EL A BE oS BUENIX, or LINUX,
and one or mogARRYcATRNSHRBMhishIacde M soTharRPRligalaprNidinagtsninrRaEQf the

system 100. The operating system 106 ma@%be multi-user, multiprocessing multitaskinlg,
[

multithreading, RS SPAR G TEPERBEINEIS T e ST DS St RRFBE RSy SiRBL AL FERT 1A
computer-readapigsmeslisms 105, [RABBITAL SYMAFLAQ0umAPRUES ARlaEENORYELY medule 103

such as data encryption, decryption, private-public key management, metadata to make device 102

data more privAISCHATEFLIBS ?&ﬁ&%ﬁ%&%@ﬁ?ﬁﬁ&ﬁﬁ?ﬂﬂ?ﬁa%ﬂg FHIFRE S tIude
software, procegseshereiacals! abskmrethadsin:Ritgck ditlerndniiaiast amBunkigieurausehold and

choice set data. 100811Figure 2 is a block diagram of a distributed informatiqn (or collabgration)

network 200 atSPRIERARISSIRINAVIHIG e yRlsth iBhBARiGHALCIINAY %58 Hepfosaterte

collaboration netwaek@a0mayrineiude-aldiionateampaaents fetshoundmg soeaf the components
described may be removed and/or modified. For example, the collaboration network 200 ma

represent a serf8tHat rulacistEaiSh B BETRR AR RENABTREL A HBRVGHE 208 MAFIRGIFR ie of

multiple distribufed sewMessdthat peviessatiiesiunationgoiithectisiemidhddnadignibuted computing
environment. [0082]The collaboration network 200 may include functional s]ystems such as meters and

sensors 201 thAFRAPIGPSEAFEIS BIHREST 8RR A B0 Fhe Hetepggigiernal systems an

consumption devices 102 may be connected to the main grid system 210 via a LAN
and external system and the consumption devices 102 may also be connected via the
Internet. The internal system and the external system may include the household
portal 101 and external data sources 120 shown in Figure 1.

[0084] Figure 3 is a flow chart 300 of a method for dynamic distributed data
collaboration between consumption devices of the distributed information network of
Figure 2. The collaboration may include grid network governing protocol (GNGP) to
maintain communication between multiple instances of the system 100, for example,
via meters and/or sensors 201 that incorporate the system 100. Accordingly, the
method 300 may be performed by the system 100 shown in Figure 1.

[0085] The system may monitor for new event data coming from & consumption
device (310). The new event data may include the current location {e.g., geographic
location) of the device, current time and other functional metrics that may include
sensor-measured metrics and operating information of the consumption device. The
location and time, for example, may be determined based on location and time data
received from an access device for the consumption device. If no new event data is
detected or observed (315), the system 100 may loop back to continue monitoring for

new event data (310).



sensors 201 may record, modify, update, send and receive energy consumption data to/from each
consumption device 102. The energy consumption data may be aggregated at household or unit, up to
communities and on to other distributed systems in the collaboration network 200. The other
distributed system may include, for example, storage sensors 202, a distributed generation system
203, renewable energy sources 204, distributed stations and substations 205, EV/PHEV charge and
discharge stations 206, load sensors 207, capacity sensors 208, weather sensors 209 and other
external sensors 210. The components and sensors of the distributed generation system 203 may be

coupled with o M8 rate THe w8 bPoHBA AtehPadAh R BEYAY LY, O SHENBRINE receive

data to/from othgs@fthessysismsnl 001808 T e whstabutetbinipmationimanagemarhitamework 119
in the system 100 may connect other devices and systems into the coll boratipn@lgr%\g/ork 200 via a

network conneBEadFHNFPERBRG R SE R S8 aBRE ARG WILBIC A RFRSHSARBIBN devices

102 may be copngaiRfdodhemairgdd ssRmBA02 Adiddkandexigrmsl system and the
consumption devices 102 may also be connected via the Internet. The i,nteé{%al syksltéﬁ nd the
external systenfOH8Y incltae SHEHGSHRIED SrRMB1USHA BR¥EYR BEUEEDGRES on in Figure

1. [0084]Figure,3 s faw shaitiBa8 el rRdnatiecdasdinamic distéauted degacallaboration between
consumption devices of the distributed information network of Figure 2. The collaboration may include

grid network gS9eRmBLFR At ENE P iR mmunication between multiple instances of the
system 100, foygneRnple THa netermapiarSENs ors Rt thatdaporpiateithelrystemaion. Accordingly,
the method 300 may be performed by the system 100 shown in Figur 1._.%50]%6 system may

monitor for nev@%éﬁt@%ﬁ&‘%h‘ﬁﬂ@ FOm-SEEREERA SR HWBSY?J%;?TERE LYSAEHA may include

the current locafigs}itg:8ls (e Saifcosaton) @fiitiendelicen oy uaint At aoaratherctinotional metrics
that may include sensor-measured metrics and operating infoimation of the consumption device. The

location and tinﬁ’é?%r"@ig?r?ﬁ’l"é‘,trﬂ%tﬁ'be determined based on location and time data received from an

access device fongo¢ CorsruMpEABIEEYICE i temew.pyentdata IS detecieciar opsesfed (315), the

system 100 may lgop back to continue monitoring for new egentddatahglo . OtOSGIJ]The system 100
may then analy?EtHEHRPRAHE S G BtE HIRE sy based on tht cvent data. “The

predictor 117 may determine a probability that the consumption device is performing
a current activity, suéh as whether the device is in route to work. Ifno new event is
observed, the system 100 may continue to monitor for new event data. The éystem
100 may also use the last known state or accept a user input of the state.

[0090] In response to the analysis, and based on the determined power
consumption behavior of the consumption device, the predictor 117 may predict the
occurrence of a future event (330). The future event may include, by way of example,
a surge in power and/or a determined consumption of power during a determined
period of time. Future events predicted for multiple consumption devices may be
ageregated to predict a corresponding future event for a household, unit, group of
units or a community.

[0091] The actuator 116 may use an optimal foraging technique (“OF1”) or
another type of actuation method to confirm the future event for the consumption
device. Furthermore, thé actuator 116 may request a confirmation of the future
activity based on the event data (360). If no new action is initiated, with an observed
new event, the system 100 may use the original state or accept a user input of the
state.

10092] The predictor 117 may then predict the outcome of the future event based

on an analysis of past behavior data of the consumption device and the received
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consumption behavior of the consumption device over time (320). A new event may be indicative of
current activity of a consumption device, which may include location data and/or other measured
metrics that may indicate such activity. [0087]The estimation engine 115 may use a Bayesian Belief
Network (BBN) or another type of estimation technique to estimate the current activity of the
consumption device based on the event data. 100881The algorithm engine 114, working in
conjunction with the estimation engine 115, may use a semi-supervised or an unsupervised algorithm
to create new algorithms or to modify existing algarithms that may estimate the current activity based

on the event d&@Y [DOBEdHE Brathcrorad ¥ PREARSIRIME S HeE MOPRFENBRERKDS of analytical
method to estiggie e cuigphactidbased antbeafuepidatd.chherredistopid lihaay determine a

probability that the consumption device is performing a current activity, such as whether the device is
in route to workestrngiRBWIERNT 1S BemRl, Mekystehiinddonis (ainilde ¥ 8hitsior new event

data. The system{L0fl ManAQISLiNG lasfkaowpe IRl R ACIRRLAISAkIBPMftaewsiate. 100901In
response to the analysis, and based on the determined power consumption behavior of the

consumption dévizdnehispRebtsFal PAYSES pie BFEIRE e owErte o At bederites30). The future

zveht ma&/ it”‘?"fﬁ'@dﬁy way S EXAMNBIR. TgyigelPANRRRACMRIAFIIRr inahGansLaaptien of power
uring a deteimine
J including previous consumption traversed and previous activities executed by the

consumption device. Pattern recognition based on historical data, which may be
performed by an SVM estimate, éan be used to analyze historical data to predict the
current or next activity. Another example of a prediction may include predicting a
surge in power at a geographic location at a future moment in time responsive to an
aggregation of anticipated events and predicted outcomes. If no new anticipation is
., initiated, with observed new event and new action, the system 100 may use the
original state or receive a user input of the state.
[0094] With further reference to Figure 3, the system 100 may further include
taking an action or actions to confirm the future event (360). For exampie, an
actuation may be generated to determine the next future activity of the device, such as
whether the device will likely to fail due to strong weather conditions.
[6095] In response to the actuation, the system 100 may modify the list of power
consumption choices or confirm the choices (365). The system 100 may also generate
another actuation. For example, if the device indicates likely to fail due to strong
weather condition, the next lst of choices may identify an alternative consumption
device within range and/or generate attribute-related actuation, such as whether the
consumption device desires better quality or lower energy load. Also, actuation may
be generated to determine or confirm a power state of the consumption device (370).
To illustrate, suppose one of the actuators finds that an EV/PHEV charge station may
soon become “unavailable” due to rain. The actuator 116 may identify the other
EV/PHEV stations within the location range. The actuator 116 may then find energy
consumption of the other EV/PHEV stations and determine if they would require
“additional power and/or better power quality to substitute for the EV/PHEV station

that is likely to be unavailable.
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period of time. Future events predicted for multiple consumption devices may be aggregated to predict
a corresponding future event for a household, unit, group of units or a community. [0091]The actuator
116 may use an optimal foraging technique ("OFT") or another type of actuation method to confilm the
future event for the consumption device. Furthermore, the actuator 116 may request a confirmation of
the future activity based on the event data (360). If no new action is initiated, with an observed new
event, the system 100 may use the original state or accept a user input of the state. [0092]The
predictor 117 may then predict the outcome of the future event based on an analysis of past behavior
data of the coné®ffftion déthcEidher rsEcrencsve digew dubaraetic(@40)! S@HRPHYEWiz85n may include

an introspecti%&fé%sgaiasm\si%%ﬁﬁmﬂéqi@%%&%%%& AeliciRALed Sughiokor example, the

estimation engine 115 may apply Markov Chain Monte Carlo (MCMC) or state variable machine (SVM)

or another type’sideistmatie baséatcoieteranavashetaaen, IRyt el d hemavntag hattetns, to
estimate the cyfrent-agfviby i shesuicsoL A0SR LRERAvIoaldRiaAmY IRFds: histertaldata for the

consumption device, including previous consumption traversed and previous activities executed by the

consumption déidist Paelerisqe oo iBssEr o Histsrrat dafEzwsieh may be pertained by an SVM
estimate, can hggésgd to gpalyzeiDistasicaldatade aredickibe GRERRLAL ReXtaatvYfinother example

of a prediction may include predicting a surge in power at a geographic location at a future moment in

time responsivéifgsghesgiragutiniadianapaesdy AR D st elipborebriakithinéisew anticipation
Is initiated, Witmale@&{ysﬁmgw@xeméﬂg DENAEHOD NG SUSRMBHLOMAY Heei dbe @iginglstate or

receive a user input of the state. [00 |With further reference to Figure 3, the system 100 may further
include taking &allibestion astone 0ot ristheisaase saion (Ba 0 réeasahtiior &M tuation may be

generated to deig[Bingdhe RexbI6e. aeHUl: ofdle IR ViCaisIbER AR NRIREE e devigesil likely to
fail due to strong weather conditions.

system 100 for determining the GNGP maintained between groups of sensors and/or
devices across one or more networks that may provide an intended outcome. The
intended outcome may include events determined at step 330 of the method of Figure
3. The GNGP may include an estimation of a state for cach event. The GNGP may
.be used for the power state determined at step 370 of the method of Figure 3.

[0098] With further reference to Figure 4, a system may aggregate a common set
of attributes, which may be determined for each sensor or meter (410). The attributes
may describe a grid property or service associated with an event. A set of attributes
may includes one or more attributes, such as one or a combination of physical
attributes, (size, power, etc.), economic attributes (price, energy saving, etc.) and
functional attributes (nature of use, quality of power, etc.). For purposes of
explanation, each attribute affiliated with a list of power consumption choices may be
expressed as j...J for each respective attribute having scale (e.g., high-medium-low)
of m as shown in Figure 3.

[0099] A power consumption device 102 may then determine existing power
source trade-offs (420).. The trade-offs may describe an attribute {(e.g., quality of
power) or a set of attributes that is used and shared in exchange for another attribute
(e.g., amount of reserve) or a set of attributes with another device 102. A set of trade-
offs may comprise qualitative (service, power quality, etc.}, quantitative (voliage,
watt, etc.) and content-driven (load, capacity, etc.). For purposes of explanation, each
power source trade-off may be expressed as s...S for each respective attribute 401 as

shown in Figure 5.
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[0095]In response to the actuation, the system 100 may modify the list of power consumption choices
or confinn the choices (365). The system 100 may also generate another actuation. For example, if the
device indicates likely to fail due to strong weather condition, the next list of choices may identify an
alternative consumption device within range and/or generate attribute-related actuation, such as
whether the consumption device desires better quality or lower energy load. Also, actuation may be
generated to determine or confirm a power state of the consumption device (370). To illustrate,
suppose one of the actuators finds that an EV/PHEV charge station may soon become "unavailable”

due to rain. ThE&EQhtor Hwesprissr st RHEIOIsEICE VB Y GetiSreiths 7 HEMBIRIHH PAnge. The

actuator 116 may,then {iid engra:cansimrIeRRIdhe Bligh & \WRHEY stafigns arddejermine if they
would require additional power and/or better power quality to substitute for the EV/PHEYV station that is

likely to be unavaREbECIFBOE] W % Fe clefdiah ce teet Rt sared e pfeerbes de 1P $hask apply one or
more predictorgfQ.feterming 1hedist &f POWELEANSHIBRIQDENRIERS Q5 PRIRRS nfdditicnally, the state

determined at step 370 may be used to determine the list of power consumption choices for future

activities (365)aMH & AEER HERIFAIATEPTRB T UB ¢ HOTS St @8RS With $espect to
Figure 5. [0097fFigure 4 isadimwaharA00 elamethedhafdynamic aggreaationang disaggregation of

data from devices in a distributed data collaboration within the network of Figure 2. Figure 4 illustrates
an aggregatiof SPECHER RINAE SIS HTAdSEE BbIATBHMEIRBAA200 and also disaggregation of a

new device 102,95 W cpilaheration Menebk20Q. st -Ragregaiionesdisaggiseatianapay be
executed by a system 100 for determining the GNGP maintained between groups of sensors and/or

devices across'SR&nF AESRINROIRE thereHsyhiav R arsHasaddariaei ot IR d outcome
may include evgpits fetenmined al:sier 330satihesnettachebiigung3oThe AbGHR may include an

estimation of a state for each event. The GNGP may be used for the power state determined at step
370 of the metRBEFBIPKIIIE 32 [atoBwAtRl cOraRRSHEL If Higive b8, ued telffsiayagditigate a

common set ofgitgiputgs,achmambeAetrpinesd {oriersh SRNSAL &F Mekfutd 1) a The attributes
may describe a grid property or service associated with an event. A set of amibutes
particular time and location. The method may employ a micro-array for quantum

statistical mechanics (“QSM”) to model each consumption device as a quantum
candidate, e.g., as a particle, in order to predict activities of a society of power
generation and power consumption devices. Based on societal-scale predictions, an
optimal set of consumption choices may be determined at household or unit level

© (501) and an optimal set of consumption choices for a community may be determined
at a societal level (502). The method, furthermore, may be used to determine the list
of consumption choices as disclosed with reference to step 365 of the method of
Figure 3.
[00102] The demand forecast equation 503 at a societal level may determine a
value for each household (or unit) as a function of value function 504 and choice
probabilities for alternative variables 505. The value function is the expected level of
satisfaction for a houschold, which may be related to an event in use of a consumption
device (530). For example, a value may be whether to purchase an expensive set of
energy sources for consumption devices, between main traditional 211 and renewable
energy 204 sources. Examples of the alternative variables 5035 may include source of
power, choice attributes or variant alternatives (e.g., heater uses to traditional energy
source and air conditioner uses renewable energy source) that are available in the
choice set for a consumption device or a user of the consumption device to exercise a

preference. The choice probabilities 505 may include bargaining variables, such as

05,



may includes one or more attributes, such as one or a combination of physical attributes, (size, power,
etc.), economic attributes (price, energy saving, etc.) and functional attributes (nature of use, quality of
power, etc.). For purposes of explanation, each attribute affiliated with a list of power consumption
choices may be expressed asfor each respective attribute having scale (e.g., high-medium-low) of m
as shown in Figure 5. 100991A power consumption device 102 may then determine existing power
source trade-offs (420). The trade-offs may describe an attribute (e.g., quality of power) or a set of
attributes that is used and shared in exchange for another attribute (e.g., amount of reserve) or a set of

attributes with BB, dEREE02uieRI it REEBA MR ot MsH RIS R e e 8% er quality,
etc.), quantitatiyedyolfage, waityeteniansh 6entenindikeRctoad reARARiI: Si6 JePicB UsRDsas of

explanation, each power source trade-off may be expressed as s...S for each respective attribute 401
as shown in Figaresor EREGDI*The power consumption device 102 may then determine a common set

of events (430)of{sfvents mavissariRe yse deating eoaling et fratarm el psage (frequency,

time of use, etc.) that is used and shared with other devices. A pattern of use may include behavioral

patterns (use MUy waak: Frsitienatd )] aptaansaiabliterretba b eosreamtoR: dhe savings, etc.)
social patterns (et 3s-5iilGHSE sRRISRRO LM S 0886 1 FRGBrRVR D USRIRNYRaIRRIagSed as K...K

for respective power sources trade-offs as shown in Figure 5. [00101]Figure 5 is a flow chart and

associated algdHRFRISOEIEY afhemBeEr i idmiciaggreatbirand Hisghfagatiod Bt consumption

data at device, hauseheldandisaciatalyeelsienpaardistibytignsstinatiensm e aggregation of
consumption data into a societal (or community) level mggabe used to determine a list (or set) of power

consumption cHEIEESUGH RS HEESHRNE ALEE P WSHbUR fol B PEFTRENAPTIAEHHEAS CAHEHE fhe method

may employ a gk aY-fon A upmium;siatistical neshanicsn@ SN L ¢ siede:eashCaasumption -
device as a quantum candidate, e.ng. as a particle, in order to predict activities of g soci%%(‘ff power
I

generation andth8der Maraag Hadid .%ﬁ%’@%ﬁ%ere%aﬂ%@%@i A 4R dp set of

consumption chpicesimawkedeatarnicrdathoy el rrunisdench (GAL) aodary-eatiraabset of
consumption choices for a community may be determined at a societal level (502). The method,

furthermore, m&APBEWEY I55GBXE MR e list of consumption choices as disclosed with reference to

step 365 of theygagihnd ohfrignrend: {PQARH hediemanshiprecasteguatidn: 303 at-paosieial level may

detellline a . . .
reserve into societal-scale as a function of one or more of time, location, transition

and constraints. The aggregation 506 may include an aggregation of each decision of
power consumption devices at a household level (501) as well as societal level (502),
[00105] For example, an information flow for a device aggregated to another

device using the sheaf method of transmitted data z = (zs; ; ...; 28,); 28 € Kois¢e

S; may be defined by an assignment ¥ (e) € kK for each edge e ¢ £ satisfying
the flow conditions. The flow conditions may include the data that are related by
local coding maps ®, at all vertices v. More specifically, for ¢ = [vw| and ¢ € In(v; &)
(i=1;...;:K); , which may be expressed as:

HV:Y’—A»YA(Y’) i 3

Where P® yA4 =local information flow probability aggregated in a set y or La(P).

yd
H(_Y;MA(Y)——J’@ pd

[00106] The societies determined by data sheafing may be used to predict activities
for the societies. Based on the predictions for the society, an optimal set of choices
may be determined for a consumption device. For example, if a consumption device
is part of a society determined to be heating the house, an optimal set of power

consumption choices for a device in the society may be based on the number of
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value for each household (or unit) as a function of value function 504 and choice probabilities for
alternative variables 505. The value function is the expected level of satisfaction for a household,
which may be related to an event in use of a consumption device (530). For example, a value may be
whether to purchase an expensive set of energy sources for consumption devices, between main
traditional 211 and renewable energy 204 sources. Examples of the alternative variables 505 may
include source of power, choice attributes or variant alternatives (e.g., heater uses to traditional energy
source and air conditioner uses renewable energy source) that are available in the choice set for a

consumption déerdecoinaheseciftihdbednad Aiprenvdevier taadéhsitiken prisferéiadaRe choice
probabilities 5Qf may.inglude BALAIRI VRURRIES: SHAPi RS GRUPORR, maewga%i@%&on-bids,

promotions that are available for devices to exercise preference, or any variable involving an
interaction of acbeRSEANHORCEBGIEE EFOBGh PANEE GRalsevIE. %@@éﬁ}ﬂf@%ﬁéﬂ may aggregate

load, capacity 3} f§5erve Rf-¥aHAUS BIWEHEHERS e Haoain Jiediispal2dddgnshirnewable energy

204 sources) (506). The method may execute a stochastic subprocess to determine expectations by
updating the préiBaibinitgdorstimpatinar webidsphweddin el druarrsuier e tiny PreficQimulative
probability may, be determineddrom, the.pphabilities detannierd atdar ipdivitkakpawecansumption

devices (505). An aggregation factor may include a multi-dimensional optimizing factor determined

using Monte CafeomRol € FigrehdudemanskatrMbaariommiaby sellibemisrasttidroce
method (504) te find the: antimaweis s ale e finstiongiadien ol alosationhased arivity-based

load, capacity and reserve of power. 1001041 At 504, the quantum candidates may be aggregated for

load, capacity &HftFkehagvan Tagre 68 dermapstintsdiarasing of AredithedtiRttation, transition
and constraints;, The aqgregation S0 Bayichie 3n 296 cTaUOL ek eagh e 6isios of ewer

consumption devices at a household level (501) as well as societal level (502). [00105] For example,

an information flefoRstTatere (ER BiEy 0§ 400 1ol BRI RARS SR GIIE TP RRE PR FY A s mitted

data z = (zsi ; - codnhndSe V8., nod@i BB R defined By @i@ssignment kit (e) e leP(e) for each
edge e c E satisfying the flow conditions. The flow conditions may include the data that are related by

local coding mdPR1§8ht aliigaraces 0. Mvrehspetifcaliy methadalfituperiandasifemyEePaverK); , which
may be eXpfesﬁ%ééh&&éﬁ'alééﬁ%?%?)@ebﬁwa%% BhsTinaaldniesmatiapdiens prabability
aggrggateq inasety or LA(P)r. [00106]The societies %t%rm}lined by dallt()ab-sag%a}gggbrggyekl)ﬂgblljes.ed to
predict activitiegocietal levels. The method may be executed by the system v be op

to provide consumption data based on location and behavioral information.

[00109] The system may determine household monthly budget or willingness to

spend on electricity (e.g. monthly electricity bill) (701). The access device may detect

its current geographic location and send the location to the system 100, For example,

an access device may transmit a location status communication including location

status information to the system 100 using the information management framework

119. The access device may provide location status information proactively or in

response to a request from the system 100.

[00110]  The system may further determine whether the consumption device

intends to receive power from the main traditional 210 or renewable energy 204

sources (702). This determination may be based on the current location of the

consumption device, proximity to a target location, the state of the device and other

behavioral information preferred by the household for the consumption device.

[00111} The system may then determine whether the power consumption device is

qualified to draw from only main (traditional) power or may also be qualified to draw

from additional {(renewable) sources of power (720). If only from main traditional

power, the system may present main power combination choices for selection (703).
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for the societies. Based on the predictions for the society, an optimal set of choices may be
determined for a consumption device. For example, if a consumption device is part of a society
determined to be heating the house, an optimal set of power consumption choices for a device in the
society may be based on the number of devices in the society, the load capacity, reserve and the like.
Also, data may be delivered to the consumption device that may indicate usage, load capacity and
choices for other heating sources, such as gas heater or standalone heated air. 1001071 Figures GA,
6B and 6C are block diagrams of examples of dynamic distributed estimation with distributed data

collaboration fdPPblaér fiéfihsreenistiomson, desse anrbilied dvics sHousenblriig setiklatitls. More
specifically, the lack diagram 601 of FigreLA.demonsiiatas formalion.of daiasaliahgration societies

(or communities) in relation to other power consumption and generation devices. The block diagram
602 of Figure 6Bvakingrstesrss dereatisrosialeta e Bscatompsedesias ferathsh ¥ iR households

of units. The b'PRﬁﬂi%@%@Q@@EE@%@&%@?’E‘@%@%%@%%%@i%eﬂ%%”@%’%@%mn societies in

relation to other societies or communities (e.g., a collection of households or unitsé. [001081 Figure 7
@ctabl¥ by users for

is a flow chart Towdtm setisdradestihraneianaemblished powseiiigagbdsniness ¢
energy consumjing ig%gé%aéh%ﬂ%%m@&%%ﬁﬁalﬁ%%tﬁmdﬁﬁégmlm%p%%emﬂa@y the
on

system 100 and may be operable to provide consumption data base ocation and behavioral
information. [06h©BJcTHensyifensonayRieAdRIedSslI8BEId monthly budget or willingness to spend on

electricity (e.9. pritkfy etegitigity BIDLTOWe TR 2rESR ERVISS RALARIRC IR GFr@Rt geographic
location and send the location to the system 100. For example, an access device may transmit a
location status eQHIIHERNEH ASIUBHIF IS IRER CAR0Y ShIBTA AT P8 WY stENF 100 using the

information magagememdrAMmENRTELLLY of e asresdsMce RaN B yisle Josatar statys infoiniation

proactively or in response to a request from the system 100. 1001101The system may further
deteimine whetfspeiRaensLHHIGRERIACeRItER dSsesiied véhawe ot iRE Frathiptfitional 210 or

renewable energy.204 SOMRRSIOL)Ehis AtrnRinatianmay.Re Rasadomthe sy ealgation of the

consumption device, proximity to a target |location, the state of the device and other behavioral
information prefsives Bytaie Aol ShBie fPRROTBIHEE HSEBATGEVREDFOUETS] 1hetsiEing il then
determine whethelthe,pONELengHIMRIRM ARMIcH ia dkalibieddadrayuEomianiN eaigjraditional)

power or may also be qualified to draw from additional (renewable) sources of power (720). If only

from main tradifériBrise W TaRENS)E ER SR Sihtarsail9sati eOMIBIFERIS N CHBRET8r selection

(703). [001121}f;the, capsHERRtiadRMismAUaiesthe BysSiRk may tMHhee Reavide Hade-
suitable way, including as any location that is located within a specific distance (e.g.,
radial distance) of the target geographic location and/or dynamic geographic location.
For example, the target radial distance may be set as 50 kilometers or 100 kilometers
or another distance based on power attributes such as quality and location of the
power generations. Other factors may also be considered.
[00114] The system may determine and track the current activity and power
consumption of the consumption device (705). The determination may be made, for
example, as a result of received confirmation or due to the decisions made at steps
703 and 704. The system may further forecast power usage levels for each power
consumption device 102 to which associated consumption data is available (706), as
has been previously discussed.
[00115] The system may further determine a list of power consumption options or
choices for a next activity or event to be performed by the device based on the current
activity of the consumption device, its location and behavioral data for the
consumption device (707). Predictor 117 may employ HUP or other types of

targeting methods to determine the list of consumption choices of the next activity.
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off combinations of renewable energy 204 available at the societal (or community) level to the access
device associated with the consumption device for user selection (704). The trade-off conditions may
be determined as associated with the target location, such as trade-off conditions published by a
different device or other entity that is associated with the target location. The method of Figure 7 may
be repeated as the location of the consumption device changes. [00113] Referring back to step 702,
the system may determine whether the consumption device qualifies to receive power for a target
location. This determination may be based on whether the target location of an access device is

"proximate” to BesgrapiaicigrasiBreabagivAted With 2 ssafariardstiee 1A JHRErafmBuE TS include a
geographical logalign.of fPNISE MMRlRgeWAlWad: Ryl BRI BIAISp RN thenike. One or more

questions may be posited to determine if the consumption device qualifies based on the attributes
associated withiffereHeargioanimsutes araehbtensriy e (et tapsdtadeadds B access device

being within a predefingd 196?96@951 XN H8Rr MR PEARINGH R @M syitable way,
including as any location that is Ioca%g%gwitﬂaig a specific distance (e.g., radial distance) of the target

geographic locab sHlyePHyRaChsayReRI L RIBY. JuEicakand(E P 1aFgEdralivl distance may
be set as 50 kilgmeiaes @k LOQ LilRmetrrapianetaey distancechassrhan ROWR LALRIQEBYEh as

quality and location of the power generations. Other factors may also be consi ered.éOOll4] The
system may deft SRR EAG ek TBasgne seRReHmABH DR CORaFsRIor HFtRe R ®f U mption

device (705). The.detarpination Mandednadedes &xaapivms ddeautalireceived sanfirmation or due
to the decisions made at steps 703 and 704. The system may further forecast power usage levels for

each power coRaRRAIsHGRSBECR2HBNHIER associated consumption data is available (706), as has
been previouslyp@ipféisses fARhASleT R SySHEmMMayJuitben deasmine.alishol pawersensymption

options or choices for a next activity or event to be performed by the device based on the current

activity of the cBrsERIHCARSHE GO AROM IHIPE SR ATiSFAF R TS L BRSIAP RE§ 8e¥e (707).

Predictor 117 may smplowmiueh d:ethes hrsiitaiaeting ethadstel detesmiae thadistiak
consumption choices of the next activity. For examag)qle, if the current activity is that a i%eneration device

is charging a caHIHE 868 6IHiER HCBS 18RS BRHBHNAYHHIGI tHES e mPERE BT AR 85 ptions.

The different optighs 8y Rectaraaied e QAR et Mt iedsed Beelish akeenstnption
options may be supplemented with energy or power source trade-offs about each option, which can be

related to the ctlifeft QharbPHESHBIRAGN EiESample, the power may be related to the different

charging duratigg @pfipnstaehsasdha estimateshime afhohasging sanmpisiionmetihacay, commercial
vehicle, and the like. The power may also be related to energy from other devices, such as load,

capacity and re@dRMAVANEBMER e e 18s BHirtiethoretIdRREto P Mod et Gy ifse a MCMC

target method tg identifnihekestehaisesisconsmpiondegamanation devietetiased on aggregate
target consumption data at a household and at a societal level of d%\ﬁigﬁ%ﬁerforming sinwar activities

in the same or PFEYAFERE (b ERBAY PRAFEVESHBR RN IEKER HE Bk PR6 P GEHSHANTRY societies

using MCMC agglusing Haevspsieties terdelgsminathe disteesetohcopsuaptiomehioiedsi 001171 The
system may further apply a multivariate orthogonal micro-array (MOMA) method to create the list of

consumption ofSHEHE (TOBTEO xRS ySrant MAY WaISHMnEHREE BASSa IR HHE'a88 and
configuration ofitheieavicerpedoimplg teenesationraptidbit h-atifitywandiebeast fyiitasdiby a better

quality source of power such as renewable energy sog;ceiézm as o %sﬁ%??&o mai%}érqégitional energy

sources 211. TRBASE Srabatreasibotraps Thed e A 8 g VicEEor

example, the statgwnaylieREssRbE: IpMeh ahsatisiaciiomiofaiparticasichaiothindhescbpiagl set that

was perfo,med by the device. The MOMA method may include all the possible peimutat; nd
combinations oPEHGICREERBTRLS (51 63 %@d‘ %\?&fé’rvégu%gvt‘?ﬁﬁe%% (‘S%@HEHHO&%%V %@g\{}gnts of the

consumption demies,ée30)a T peEoLisiHan @Rthearbbibaidnm nieystae:hdske @ndbesiate of the
consumption device and exclude certain permutations and combinations of the consumption device to

n
determine the oiftfe5I 4 ¥ LBASEFRBHORZRGEES ?ﬁﬁ?&‘éoé?m’éaﬂ?&ﬁtﬂ? SUGSEPRS T TRE Sate may
be stored as higtofigal-has Matipimal list of consumption choices that meet the monthly budget

(701). The state may be stored as historical information.
[00118]  The system may further determine if the power and load levels are optimal
for expected utility, e.g., expected power consumption demand (730). If not, the

system may go back to step 706 and continue fo forecast off the power consumption
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(00118]The system may further determiine if the power and load levels are optimal for expected utility,
e.g., expected power consumption demand (730). If not, the system may go back to step 706 and
continue to forecast off the power consumption data as previously discussed. If yes, however, the
system may continue on to determine whether power and load values are also optimal (740). 1001191
If the power and load values are not optimal, the system may deteunine additional price forecasts of
the energy for a future period based on likely power consumption by the consumption device (709).
Otherwise, if the power and load level values are optimal, the system may continue to build the list of
power consumpBaEGoPIRHRUSTL0)scrRtehr d8ieor ey e EYSSP BrRXIKenikess e8ri8umption, load

capacity and reggryg Q. mﬁeﬁﬁéﬂam}%@a&@\Qﬁmwawﬁ%mab)[omm The system may

further determine aggregated price at household and societal levels of the power consumption (711).

The estimationl8AI9é 115 hrparse odioss satianfsci ey SrehsteRdPoIksEaPra future
period based OQdﬁlfﬁJ%Q%WQE%QSEE%ﬂ%ﬁ!é"&{é%@g%ﬁboﬁﬁ&@%8%&%%%&&%]1%@1%5%&5@m may
n

further determine the preference of a household based on historical activity, including power

consumption, GomBIEGHSTAp b QeseanTaIRieTie Eétithatisheatiial tasnawg e and BBN to
estimate housefold prefer fanpdutuieaeriad.hasethenbistericakand 5b%o%eﬂicted future

consumption the device 102. The system 100 may provide the preference of the household and the list
of consumptiorFepisARIeRRBtBESEHdId PartaietirtordrlidBrEarschion ofptiedPeihe system may

further determing \whiapbe UsRY & {gaﬁg FEGINgRERIHRIRR BEVIb 6@ sonsunRton device

is modified in the household portal (713). This modification may be made with relation to power
consumption trif¥gloffs. The system may receive the selection of a modified activity of the

consumption deyiged02 frarsthehauseheithpoiablohie Heehold shaasesonpsher-dryer to be

used on weekdays instead of weekends) by the househol vait in an additional power consumption
option to meet HREIHBATTSL LGS PIOFL ST THRPEGEE A hhay BSrEHEmakes FmEgHd Ji&Bf nsumption
options as relatgeh{o s RaimLRAI IS S:f ABSIIMRHR RAIBRSRKAR Havikes.aasdn relation to a

monthly budget, and set these and other selected options as a default list of consumption options for
the household CPEEY RIS BRI STSBRGHO R i58 4%t to the household portal 101 and made

available to thejgggepp demieqkihand oMer deueamiR3nd Pe-susiRR dNav FARINmABEI menitor the
activities of the consumption ] _ ] ,
historical activity, inclhuding power consumption, of the consumption device (712).

The estimation engine 115 may use OCE and BBN to estimate household preferences
for a future period based on historical and the predicted future consumption the device
102. The system 100 may provide the preference of the houschold and the list of
consumption options to the household portal 101, for user selection.

[006122] The system may further determine when the user preference regarding a
consumption activity of a consumption device is modified in the household portal
(713). This modification may be made with relation to power consumption trade-offs.
The system may receive the selection of a modified activity of the consumption
device 102 from the household portal 101 (e.g., household chooses washer-dryer to be
used on weekdays instead of weekends) by the household within an additional power
consumption option to meet the monthly budget.

[00123] The system may further determine the list of consumption options as
related to energy attributes of consumption and generation devices and in relation to a
monthly budget, and set these and other selected options as a default list of
consumption options for the household (714). This default list of options may be sent
to the household portal 101 and made available to the access device 101 and other

devices 103. The system may maintain and monitor the activities of the consumption
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devices, so that any deviation from the preferred choice set may be flagged and sent as an “alert" to
the household portal as well notified at the societal level. [001241Distribution of an energy attribute
may include making the energy attribute accessible to an access device. This may be performed in
any suitable way. In certain embodiments, when an estimate is determined, a copy of a neighboring
energy attiibute may be automatically provided (e.g., downloaded) to the access device. In another
embodiment, to access a power attribute, option selection data may be stored and updated for a
consumption device with appropriate permissions settings and/or with links to appropriate

decision-makirfl§irspaniithasan pevidioniipmdac prfexeahiheics ey pdrescdamstierhssociated

with a target geegraphiciocatiemmavbriipsariod wia adRlileassodatedmiten user ID of a
consumption device in order to make the power attribute accessible to the access device associated

with the consuliptidfl deRégribotionst apfasystaHiboly may FstHes Bokip e soRey Abtes o
provide notificaliang 40 OREATMRALE &3G6SS HAVIRRS hdisatinanthiatnillishemierergy hasRean made

accessible. For example, the system 100 may d%;qovid.e a notification to an access device indicating that
the power attrilstitRodEB6BIAtEd FRtRNLIHFEE SRS e epPm atia 22 8RRHIE T54He access device.

The notification gy, incide infermativaifsseriaies with e ARwesB s b ciesiudivga description

provided as a trigger end-state for the consumption device, a geographic location or anétother data

associated witFHE FoREIOSEMBRE0RE09S FIMTTECH AHEEY 18 e ORGSO Atk SIS B B HORRETER, and the

device may elegtivhethes 1Brretsisretheiacaestibiginpypratiiivianisesne emmhedimans, current
geographic proximity to the geographic location may be requisite for accessibility to the associated

power attribute"dHHIRKSHHCRRIFARBEH e ShEr ks it AR RYVE gFaMEEs ad@ssibility is
maintained for & predefingdiapath Rl dineysuehan aday wmdekiaenio srindefiviiaivnAeserdingly, a

consumption device may have access to power associated with a geographic _location based on past

or present detdtGEPETSiRIE DPinElaaswsiatrd Tethag Heer JEoRf asAns ouRtiom 49064 Y egUR 8 is a

flow chart 800 gafa4methesef astimatingcaagsecatar eauilibdemcetdamand Jaagkieapacity and reserve
at household, societal and macro levels. The system 100 may determine the aggregated demand

based on consGpEBRtion device.
[006125]  The system 100 may further configure power attributes to provide

notifications to one or more access devices indicating that published energy has been
made accessible. For example, the system 100 may provide a notification to an access
device indicating that the power attribute associated with a target location has been
made accessible to the access device. The notification may include information
associated with the power attribute, including a description provided as a trigger end-
state for the consumption device, a geographic location or any other data associated
with the power attribute.

[00126] The access device may receive the notification, and the device may elect
whether to retrieve the accessible power attribute. In some embodiments, current
geographic proximity to the geographic location may be requisite for accessibility to
the associated power attribute and in other embodiments, once accessibility to energy
is granted, accessibility is maintained for a predefined length of time, such as a day,
week, month, or indefinitely. Accordingly, a consumption device may have access to
power associated with a geographic location based on past or present detected
proximity of the access device to the geographic location.

[00127] Figure 8 is a flow chart 800 of a method of estimating aggregated
equilibrium of demand, load, capacity and reserve at household, societal and macro

levels. The system 100 may determine the aggregated demand based on consumption
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options as power attributes at the household level (810). The system may also determine the
aggregated price per consumptions based on power attributes at the household level. Based on
aggregated demand and aggregated price, the system may further determine the aggregated load and
capacity required at the household level. The algorithm engine 114 may use semi-supervised or
unsupervised machine learning techniques to develop a model of aggregation and the estimation
engine 115 may use OCE to estimate aggregated load and capacity conditions at the household level.
1001281 The system may also determine the aggregated power demand from the list of consumption

choices as powWBHaRUREY 8t HETRERb DR bP ase AP 08 seSI R ARG} The system may

also determinedhie-AQ SUALedRESRPEN COPSWBRIBADASE G aRMeMEs At tiesteolieatively of the
households. Based on aggregated demand and a gregatgggorice at the societal level, the giystem may
ifabl

determine the A9BTeRAfT8h B RSy e esREb D AV R0 A S AL ol h & S8 B e vel. The

algorithm enging &4 dBaykise gioehasiisemdieniiearpngdeehpiguestthdavalepadiede! of
aggregation and the estimation engine 115 may use SSD to estimate aggre?gate%de and conditions

at the household$eA}8P BT TSI RPHE & PtE A Frg PO HREr URGE Ph S YRE B 604t ’d“arger?fgmﬁon the list

of consumptionQRtiRRALAS RewssRitikitascalieaivelyoitbathausenalds (Biakand sollestively of the

societies (820), but at a macro level that jncludes multiple socjeties (830). The system may also
determine the %ﬁé@f@%ﬁ:@gﬁ&g@&%{%ﬁ)ﬁ%%cﬁﬁ%@&?’b ‘é‘?seﬁs[ %ﬁ){é’él%elhﬁ)é%ieé’ﬁljlds 801 and

r

collectively of spoietigs. Based apraagregricdetemmrdiang sagreghiRkpridenainih & smadioitonditions,

the system may determine the aggregated load, capacity and reserve available and required at
macro-level coRERTBIEMPHELSGEHET A PRI aﬁi’ﬁ’i‘éﬁﬂé’é"é‘?éﬁ?ﬁ%ti “érf’a‘i%@ﬁﬂg‘gﬁ%i  techniques to

develop model @tagargatian@ndiiesesimation sagiteeis oy bee SSIadeestipeate aggregated
demand conditions at the household level. [00130]Figure. 9 is a flow chart o thod of actuation for
location-based CESHEFRUAPRASEN AhBRYLFE ?é‘b%‘l@iﬁrﬁ#ée UIYI?&’W&%%M&%&B%%%&% ald availability of
load and reservg pewess@iierd ahbaysehelddanitsacigtatdenals |dhe, piedictemlihdyof system 100

may forecast location-based demand_ on a list of consymption o tl? ano(lion related power attributes
at the househoﬁﬂ@i‘}é‘%@fﬁ%ﬁgﬁ?‘éﬁe FPRAH U ERFOE 3§%} égg%afb fOTEEES F&%‘fion-based

demand. -Seargh-ragdiiaed” mayreleria: tagipeocest by whishdhesysiedichdioaates (or predicts)
available sources of excess power supp% with which to feed consumption devices (or groups thereof)
I éreé Ftinin] ert_}%{} eﬁg m SB

that are predictEd I HEFdBASEHEP 8aPRY A 8T EL T A aitot) orecasr|68ation-based
load, capacity aygbresemneavailahiines. gensodreesitd powetisLipplycbuihliaschower distributors,
generators, and/or coIIech)rs. The forecast may be based.on a list of co sumgtior%%clti ns and on
related power aflIbttes at B YETRIRDY. @%‘?}pﬁe&ﬁ%?&%ﬁ A tse €5,"9SM and SSP to
forecast locatioprhasegtioadptapasityaned wstrvecaphbiitiels. d002 321 sthel dysietn mdy further

determine a locatjon-pased betwee % ly demand and, availabje er supply from power supply
sources (903). ?ﬁ@?}‘/‘é‘%ﬁ?ﬁ%ﬁ%&ﬂ%& 33‘1&&%%&3@% 135‘1%@6&!(1%{%)%?%? fﬁgl%{?nsé’gﬁ%eﬁlace the
location-specifi¢ggap iFlikelgttowideniIhéeaysiamn inayhepshipdonreacoessuptpiiohadelice and
may also determine when and where the_ location-specific gap is likely to be mjnimjzed, e.g., when the
power supply s8t ﬁ%"%eélaétﬂgé%‘f%P?W%@ﬂf%g)%ﬁﬁghc?%gtb%i ersféc ?%eﬁ’e%?ﬁ%sogn excess of
power supply. haerpsedicdunmany usede0eMElHicantinSRatadetadingsthkeliketydooation-specific
gap between demand an(illavailable Igai\d, fa acit¥ and reserve power sources. .

determine the aggregated load, capacity and réserve available and réquired at macro-

level conditions. The algorithm engine 114 may use stochastic gradient learning

technigues to develop model of aggregation and the estimation engine 115 may use

SSD to estimate aggregated demand conditions at the household level.

[00130] Figure 9 is a flow chart of a method of actuation for Jocation-based search-

and-feed analysis to determine a likely demand-capacity gap and availability of load

and reserve power sources at housebold and societal levels. The predictor 117 of

system 100 may forecast location-based demand on a list of consumption options and

on related power attributes at the household level (901). The predictor 117 may use

HUP and SSP to forecast location-based demand. “Search-and-feed” may refer to
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[00133] The system may then analyze a path between a location of excess power supply and a
location of a power gap (920). If the path appears clear, the system may estimate an optimal path
between where the location-specific gap is widening and the location of the excess power supply
(904). The actuator 116 may use OFT and PSEB to determine the optimal path. [00134] Where,
however, the system determines that the path is cluttered or completely blocked, which could be due
to geographical or technological issues, the system may explore paths of the grid with a speed
estimation, e.g., a speed to traverse reachable paths between a location of the power supply gap and

a location of exbessqseswdrysupisly ttheyveirpldidflibreaesHerpatkcimhy b aphelerakerofeadsid a certain
path that inC'U%%%ng 1SR LR deIs S ARG hARIRR RBSRAARS RIS (Rrd-¥5 AlheL condition in

certain location) (906). The predictor 117 may use CO and SSP to fOrecast path conditions between
locations. [00188{diEdttlate 4 pévanspRkaaith results from the predictor 117 to estimate the speed

at which action s pe R AIReY 3 ARG AAWBLARR: SR SRilab e 4ap £aOe filed from

the location of excess power supply (e.g., from load, capacity and reserve sources) (905). The
actuator 116 mespil@slSNE. andoRIrenefiusciosdenbmisle wheospredisht Wiveh gragjalshould be filled

to avoid browngy or RIACkRUL ceRiHQRS, d AOA36dHENE SYsieRy mAYitthes on Endyue time of

transferable power supply due to the obstacles in the path (907). The actuator 116 may use SNF and

QT to deteimintekifedpeve tfidbatahet dskaskebebldsriph 8182he Bpuagdenhid astionssiidild be taken
to meet the spegd\atwhidlbtheprwer aansheuldbe filed 18 augiddrewarutap ilagkout conditions. As

an example, the actuator may determine whether there is an EV already getting charged at the

EV/PHEV chartf9§33iion Bresstieesertin fisthireduicraitive Jpcadenobratd i Ret@iesa H54n "obstacle”
(because the aglhiator cannol IR EPHIEHIRIBIWRS PR durRgWhiah). the deyiegis in use may

be called a waiting period (or queue time) for the device to become free to obtain the data. The
actuator may deteiind vehedsel voccoatme dee épn dsterigpe betdbne pad dantberabane.g., wait until

the device becgﬂé%ﬁaﬁgsp U fignere Hhe-aPstacs and pipue-A diffeisit-setafdayiess iRseprce data.

The system, as part of the path analysis in steps 920 and 904-907, may further determine a shift in the

one or more pathé rexLAEtde eveiRe aThebsnkishere e MeatipmmpecHite BPAdEhainSE00137] The
system may thep determing WReBe LG 1S A Ala QS eNG Lok EXARRSIRANEE SHRRIY MR meet the

power supply gap (930). If adeq‘uate power reserve is located right away, the system may deteimine
location-specifib¢ beferad iwidks clo a8 Harseig fRostabiigpbf tHapBIserERIdIaL 4Ye tie estimation

engine 115 may iiseRRECsapd NRMIRigpiRiARdRe JesaiieRmratiis A well asipsimarklpad

balancing and the actuator 116 may use BM and OFT for required actions. [00138] The system may
then further sinfyRiteblereedsteracHtrHesErEscRnI STtEPHE e scenarios with dynamically generated

consumption dafp 9y likelreapansasAhdeicayRoN e AN SO RIAIR e LS hothe System

may provide dynamic visualization of location-based activities with likely responses (e.qg. the likely gap
can also be fulfitealsans aleerBpiovht BAVFIIEIRIEIAB Iy higsa i) e e ol thihsri R dist adequate

reserves (Or eXggss ROWEH SRR MPBBHSE where the location-specific gap is widening and the
location of the excess power supply (904). The actuator 116 may use OFT and PSEB
to determine the optimal path.
[06134] Where, however, the system determines that the path is cluttered or
completely blocked, which could be due to geographical or technological issues, the
system may explore paths of the grid with a speed estimation, e.g.,’a speed to traverse
reachable paths between a location of the power supply gap and a location of excess
power supply. The exploration of the paths may be undertaken to avoid a cértain path
that includes an obstacle or to detect other location-based obstacles (e.g. weather
condition in certain location) (906). The predictor 117 may use CO and SSP to
forecast path conditions between locations.
[00135]  The actuator 116 may work with results from the predictor 117 to estimate

the speed at which action must be taken to meet a widening power supply gap so that
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analysis (930) the system may further determine the available reserve at a nearest location from the
likely gap in power supply (908). The system may forecast the available reserve in that specific
location to ensure the location has sufficient reserve available to meet predicted demand. The
predictor 117 may use SSP to forecast location-specific available reserve. 1001401 The system may
further determine the required reserve and capacity power levels at the nearest power supply source
location from the likely gap in power supply (909). The system may forecast the required excess power
supply in the specific location to ensure that the location has required reserve and capacity with
surplus availabe eaerve Yo Gdltitnahailnsanen ot anersiParsistearly Stte BPPORAD supply (910).

[00141] The system:maydharfutherdricunie anorimized 18 vehehiesauye.and Danagitu{excess)
power supply at the nearest location from the likely gap in power supplyg{?ll). The system may

optimize the retjuirserrasetbe wsakapabishibherr phed hsilieh oA PEAHEP W location has
optimized the sigady, staigdfdQ). The estimation engine 115 may use OCE and OPFC to optimize
required reserve and capacity with surplus available reserve power. [00142]The system may further

precipitate an 488530to trhhepuTicayamblatRSR O taT e aueyH Bibe ok Bt I8RO E! excess

power supply (g,8,1osalRNR) s8ae1lRGAtRE hereothe PRWEESLIPYIGaR$ WdsNRG{e T location 1)
(912). The actuator 116 may use OFT to identify the optimal path (904) with estimated queue time

(907), and to irfRidfSFRINS IR BrvetEne sspoRErTtEHIAGELEIES qB%%fiiBﬁWh*Fﬁ@%m may also
optimize steady;siieRAWEN GBRAGIM IEORSlitions kiacatioph i aftery ekeint Bt thReaeessower (913).

brownout or blackout conditions. As an example, the actuator may determine whether
there is an EV already getting charged at the EV/PHEV charge station or a device that
is already active-in-use on electric charge as an “obstacle” (because the actuator
cannot obtain the required data). The time during Which the device 1s in use may be
called a waiting period (or queue time) for the device to become free to obtain the
data. The actuator may determine whether to continue to “chase” for obstacle-related
information, e.g., wait until the device becomes free, or “ignore” the obstacle and
pursue a different set of devices to source data. The system, as part of the path
analysis in steps 920 and 904-907, may further determine a shift in the one or more
paths required to avoid an obstacle on the determined one or more paths.

[00137] The system may then determine whether there is adequate reserve (or
eXcess power' supply) to meet the power supply gap (930). If adequate power reserve
is located right away, the system may determine location-specific, but grid-wide, load
balancing for stability of the power grid (914). The estimation engine 115 may use
OPFC and NRM to optimize the location-specific as well as network load balancing
and the actuator 116 may use BM and OFT for required actions.

[00138] The system may theﬁ further simulate forecasted contingencies and
alternative scenarios with dynamically generated consumption data and likely
responses at device, household and societal levels (915). The system may provide
dynamic visualization of location-based activities with likely responses (e.g. the likely
gap can also be fulfilled from another location with relatively higher price).

{00139]  If there are not adequate reserves (or excess power supply) upon first
analysis {930) the system may further determine the available reserve at a nearest

location from the likely gap in power supply (908). The system may forecast the
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[00143]When the reserve at location 1 is filled (930), the system may proceed at step 914 as before,
and determine location-specific, but network-wide, load balancing for stability of the power grid (914).
The system may then further simulate forecasted contingencies and alternative (or similar) resolutions
with dynamically generated consumption data and likely responses at device, household and societal
levels (915). [00144]Figure 10 is an abbreviated power grid diagram 1000 of control and data
processing in relation to the search-and feed process of Figure 9, particularly with reference to step
912. Various control and sensing components may interface with or be a part of the system 100, which

may perform tre 2ikderesaodde dhpt seeai§ictneaspstEnsnone dechreiienban sy HMRTRENBe an event
actuator 1001, WQ%I@&Y&&%&@&%&%@LW@?%@W&? pPerahia te g¥eGHtR OMpUtation
a

statistics 1002 on consumption and power supply data, and a step switcher 1004, which may interface
with control lindecgsiobuiiseHic1050B1 eHESEB®Wer grid. The event actuator 1001 may be a part of or

executed by the,gelgator 16,0 ihe fYSIEMOQeto Aralfh fogantotdngs. LR may: fepearent

movement (M), direction (D), color (C)and sound (S) and direct corresponding data in the system 100
to visually and/Aseaali GrRIESHPONETCARIHY SPRtHEq des britafieh dhhHk svesinamBerA Iy o.

Figures 16 andddosrerpeeiirle auipws-efihe dataprasessig it espastiiodhesiagram 1000. Input

data to the system 100 may include measurements (Mn), devices (Dn), controllers (Cn) and sensors
(Sn). A measulesEnn iesresinhsdhe lortir brscsmiEdF sicike g ieracHiediv ke EHn) may be

with reference 10 2y consUtBRtoR@NT AGERsS SRMICeRIARMARLT hapwearAud fpaw inclugs breakers

1003, obstacles 1006 in a queue, critical demand 1008 and non-critical demand 1016 sources of
power consumftidh: The power grid may further include critical capacity 1018 and critical reserve 1028

sources of powghs¥pply- THRS PRUELEFtHBRY AsepEde RSRRINT sRRSRkR 003 RHbBaRNd of power

and control lines of the power grid. 1001471The actuator controller 118 may initiate the event actuator
1001 to use onepReHE fBTRMNGTOGF SRl pishapRacHitecHin Eomrthnddusar The&tator

controller 118 may.thems§narommands-todhenevent Aatyatri 10QLfonmeasdsing iiimkand controlling

(ca) to direct the movement, direction, color and sound of the event actuator (e.%., move 11“{36steps on

the right on thesasap)¢ location to ensure that the location has optimized the steady state (910).
estimation engine 115 may use OCE and OPFC to optimize required reserve and
capacity with surplus available reserve power.
[00142] The system may further precipitate an action to fransport available reserve
(or excess) power from the location of excess power supply (e.g., location 2) to the
location where the power supply gap is widening (e.g.. location 1) (912). The
actuator 116 may use OFT to identify the optimal path (904) with estimated queue
time (907), and to initiate transport of the excess power from location 2 to location 1.
The system may also optimize steady state power capacity conditions at location 1
after receipt of the excess power (913).
[00143] When the reserve at location 1 is filled (930), the system may proceed at
step 914 as before, and determine location-specific, but network-wide, load balancing
for stability of the power grid (914). The system may then further simulate forecasted
contingencies and alternative (or similar) resolutions with dynamically generated
consumption data and likely responses at device, household and societal levels (915).
[00144] Figure 10 is an abbreviated power grid diagram 1000 of control and data
processing in relation to the search-and feed process of Figure 9, particularly with
reference to step 912. Various control and sensing components may interface with or
be a part of the system 100, which may perform the search-and-feed process. The

system 100, accordingly, may further include an event actuator 1001, which may be a
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[00148]The actuator controller 118 may further switch steps dynamically in movement, direction, color
and sound by directing the event actuator 1001 to send commands to the step switcher 1004 to switch
steps between power lines. For example, if there is an obstacle and the actuator 116 is waiting in the
gueue, the actuator may be directed to switch steps, if necessary, to another direction, e.g., along a
different power line. [00149]The actuator controller 118 may further direct the breakers 1003 to break a
trajectory of movement, direction, color and sound. The actuator controller 118 may send commands
to the actuator 116 to break its trajectory at the breakers 1003. For example, the event actuator 1001
may abort meayedpirradosihicumesbaemble jafiaade constipashisrgindidibAtdevice.

[00150]The system, may fu @m&59@5%9&&95@%9}%&@%_l%&a%;q easmieHe.grificafiy(e.g., of the

demand) at a particular location including the critical activity of an access device 101. The actuator

controller 118 it} seniacddven sprcresemid @Y at apatser1obd bhaesdirechinienlilP {elfyof the
demand), dete%@ﬁ%@&f@eﬁé&%@ﬁ%@ﬁi@B@tﬁ@@%%ﬂ {@gation including the critical

activity. [00151]The system may furthér direct the actuator controller 118 to perfonu an end-point

action (e.g., SR a HewteppapblvarticUidmardrpresaRimRTGESS thY b shitsstiaatiity 6718h access
device 101. Th %‘i&@%%ﬁ&"(‘é‘)%&ﬁf L& mansendaapmangsie thasvanbastvaioniofite perform

end-point action (e.g., switch-off a
orally provide an indication of the load balancing that is explained in Figure 9.

Figures 16 and 17 are example outputs of the data processing with respect to the
diagram 1000. Input data to the system 100 may include measurements (Mﬁ), devices
(Dn), controllers {Cn) and seﬁsors (Sn). A measurement may come from a meter or
calibrator or like device. The devices (Dn) may bé with reference to a consumption
and access devices.

[00146] The power grid may include breakers 1003, obstacles 1006 in a queue,
critical demand 1008 and non-critical demand 1016 sources of power consumption.
The power grid may further include critical capacity 1018 and critical reserve 1028
sources of power supply. The power grid may also include end-point sensors 1005 at
the end of power and control lines of the power grid.

[00147]  The actuator controller 118 may initiate the event actuator 1001 to use one
of the following four elements: move, direction, color and sound. The actuator
controller 118 may then send commands to the event actuator 1001 for méasuring
{m,) and controlling (c,) to direct the movement, direction, color and sound of the
event actuator (e.g., move 10 steps on the right on the map).

[00148] The actuator controller 118 may further switch steps dynamically in
movement, direction, color and sound by directing the event actuator 1001 to send
commands to the step switcher 1004 to switch steps between power lines. For
example, if there is an obstacle and the actuator 116 is waiting in the queue, the
actuator may be directed to switch steps, if necessary, to another direction, e.g., along
a different power line.

{00149] The actuator controller 118 may further direct the breakers 1003 to break a
trajectory of movement, direction, color and sound. The actuator controller 118 may

send commands to the actuator 116 to break its trajectory at the breakers 1003. For
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heater), dﬁeﬁgined with the estimation engine 115, at a particular location including the critical
activity. [001 ‘]‘I‘—“igure 11 is a flow chart 1100 of a method of predicting likely demand- capacity gap
and available load, capacity, reserve for optimal power flow control. The predictor 117 may initiate a
forecast of location-specific likely gaps as covered in step 903 of the method of Figure 3.
1001531Furthermore, the predictor 117 may determine any stationary state solution that can be used
as a starting point in the context of predictor-corrector continuation methods (111). To do so, the
system may make a change of a variable in initial data accessible to the system 100. The predictor
117 may furthetxdetplenthe arenbaehlasetd 0 bimAk #herlsrkeatdeyiee AHoIEHYI GBF doeletal level to

forecast the location, af ths, likel tggvg?%%a@g@gg\,{ggﬁq The system may further determine the

outer continuation where the predictor 117 may use a predictor-corrector algorithm model of algorithm
engine 114 to ¢dtplle tHhagprisrinmete ivoimrotitae Ibeasomansoyraligubhtimmeraegibto the

optical experiments, maybg ao?@m%%ﬁ%@@t%@ﬁ%ﬁel&zﬂigﬁ?@ﬁﬂﬁg frteREalvubgredass and gain

are realized by removing activity of a device from one well and pumpingin activity of devices in

another well. [302885THevéysiérh 100 araptortersTdteT i S et sebesomiRdatio AR the
predictor 117 may, 43¢ {H6138RESIMANAG; A g;g ERHRGICH M MAKE @RAIERHIMON the fine grid

network map, and continue to perform Newton-Raphson Method (NRM), until finding the location of
the likely powegsgaprtibr4opdubol b6 prreesiastanlaodipap dlidies Getertabagiyiikely power gap

curve where thepiegictor L ¢ /ey iaRe Al AP A0 Rd StRRu1 LofHintl the GHpuerisrageable and

visible to the actuator controllér 118.
end-point action (e.g., switch-off a heater) at a particular location that includes the

critical activity of an access device 101. The actuator controller 118 may send
commands to the event actuator 1001 to perform end-point action (e.g., switch-off a
heater), determined with the estimation engine 115, at a particular location including
the critical activity.

[00152] Figure 11 is a flow chart 1100 of a method of predicting likely demand-
capacity gap and available load, capacity, reserve for optimal power flow control.
The predictor 117 may initiate a forecast of location-specific likely gaps as covered in
step 903 of the method of Figure 3.

[00153]  Furthermore, the predictor 117 may determine any stationary state solution
that can be used as a starting point in the context of predictor-corrector continuation
methods (111). To do so, the system may make a change of a variable in initial data
accessible to the system 100. The predictor 117 may further determine the
architecture of the network at device, household or societal level to forecast the
location of the likely power gap (1120).

[06154] The system may further determine the outer continuation where the
predictor 117 may use a predictor-corrector algorithm model of algorithm ehgine 114
to compute the approximate point of the location {1130). A gquantum analogue to the
optical experiments may be a Bose—Einstein condensate in a double-well potential
where loss and gain are realized by removing activity of a device from one well and
pumping in activity of devices in another well.

[00155] The system 100 may further determine the inner continuation where the

predictor 117 may use the approximating point and corrector to make a correction on
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[00157]The system 100 may also determine the next constants (e.g., available location of load,
capacity and reserve power sources) where the predictor 117 may repeat steps 1130, 1140 and 1150
for each constant until the curve is traceable and visible to the actuator controller 118. [00158]The
system 100 may also direct the predictor 117 to identify the specific point where only two real
eigenvalues (e.g., demand and load) exist, where the fixed points can be identified as a center.
Furthermore, the predictor 117 may determine that the fixed points in the region with four eigenvalues
correspond to a center, a saddle point, a sink and a source. The center and saddle points collide at the

branch point afte FasigHd TeEsEdRIBr A7CAIE IR BEPETIDIVIGBE 1R AR RS (D8 Sller 118 in

good agreemepfyith ig.r@ults AIACOM: 138 EpFdHestability1anglysis of the wave functions shows
that up to the bifurcation r:Foint, both the ground state and the excited state are stable, and correspond

to the two centE&L i8yoridersosim 8t arrpdimtherd Ssening hailelnBATes gmIsHa C8MEH while the
ground state begomes unSiable, 3 sasidieppint Qukickiba waveunations-helonainasi te two

complex conjugate eigenvalues, one decays and the other grows, corresponding to the sink and the
source, respectivelle [otheaiter et S -fyure 11 may be particularly advantageous over

traditional hiergjighymode}as s meihad aadlaesthmdaay e cxeeued (8. pariahbreause the

system 100 can trace each solution surface simultaneously. Using a numerical continuation method to

trace solution JOPRIEESPEI PRk RHEFABTEMOBREMITFSS) TR BRHRIFH STl EAIRA to the power
gap (901) and gxeessHAWELSUPRIY (302 1detrrnadinmibamatod ohiriguedcdimaydie inexpensive

to implement the algorithm because, in practical computations, the system 100 may function with the
information of St dbfiechiisontREgdiifion surfaces. Additionally, the proposed algorithm has

the following nggyexgipuSiNe ALVARIAEES IS HRReERssARlRHiSCTaliza.at Rieg giediie subject
data, namely, demand, load, capacity, reserve, and the like; and (ii) the system can compute this data

for any time ScBREMANDEST ARy HEMTEHh 7R CORGE SR MalsmAas. 2dd e sstrabessidis i breviated
power grid diagiams12AG e XNRIIAEIRRAW REnter. Furthermore, the predictor 117 may determine

that the fixed points in the region with four eigenvalues correspond to a center, a
saddle point, a sink and a source. The center and saddle points collide at the branch
point and vanish. The predictbr 117 may make behavior visible to the actuator
controller 118 in good agreement with the results of action.

[00159] A stability analysis of the wave functions shows that up to the bifurcation
point, both the ground state and the excited state are stable, and correspond to the two
centers. Beyond the bifurcation point, the excited state remains stable (a center) while
the ground state becomes unstable (a saddle point). Out of the wave functions
belonging to the two complex conjugate eigenvalues, one decays and the other grows,
corresponding to the sink and the source, respectively.

[60160] The method of Figure 11 may be particularly advantageous over traditional
hierarchy model as this method and algorithm may be executed in parallel because the
system 100 can trace cach solution surface simultaneously. Using a numerical
continuation method to trace solution surfaces of parameter-dependent problems was
described with application to the power gap (901) and excess power supply (902)
determined in the method of Figure 9. It may be inexpensive to implement the
algorithm because, in practiceﬂ computations, the system 100 may function with the
information of some specific points on the solution surfaces. Additionally, the
proposed algorithm has the following non-exhaustive advantages: (i) it is unnecessary

to discretize or integrate the subject data, namely, demand, load, capacity, reserve,
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flow predictive analysis between sub-areas of a power grid. The system 100 may be configured to
perfoim optimal power flow control (914) as the final action when using the search-and-feed method as
disclosed with reference to Figure 9. [00162] The predictor 117 may use decomposition of an
optimization problem and perform a multi-area control method based on approximate Newton
directions. In so dong, a single NRM step may be applied to each sub-problem that stabilizes the
power grid. The applied decomposition method may be based on data obtained from neighboring
agents. The data may be used to approximate the state of the system with a linearized model and

make necessaPpEHNEs ArddEd BSEEeTR rerd commvghiiwaiadB R frecorididRinySsHal costs of

cascading failures,.J hemalheeiss adyanipgeous over centralized optimal power flow taking the entire
grid into account that is often not feasible. Reasons are the size of the resulting optimization problem

but also the colffUitéht cBistier b tieybluryisied dparal gitfetestnt eAtlradingogesigure 13 is a
screen shot 1399&5@&%5@@31@1?&9@%9&%@%@9@Qﬁéﬁré}%ﬁ&s eVigRAALIBNGRAS,ehown in
us

Figure 1. The screenshot 1300 illustrates the set up of user preferences with reference to a

consumption devideuTseie serimayIppmaliesech fkrerepriad, (Whibrnihy fmalediosrdeample, a
monthly budgefg, parceniage-pliranawalap dasiied irmpeiatyeetabetierifraugh air conditioning or

heater), the number of rooms, consumption devices, a frequency of wash loads for laundry and a
frequency of chaPde3ifor Breatesstistord it asngcolrerBpRHtioricd OPpreterasR eL ipaswd

preferences may g provided ip-the sisisn 400 fatdseinpiedicting Rewssussedohurthermore,

consumption and behavioral data from consumption devices 102 may also be sent to the system 100

through the acdess. deinaelSBMyHiohmaaraaRpherinteh mrvareRlgtotheh sibBirssMstion and access
devices of a collaberatian PeMQHI2EA[AAIBARIGLRAddH A s EesRaeh WOl aRe@mple set of

energy usage options as related to an identified access device that are selectable by a user. The

screenshot 140G8hBOVENE ASEHF eABRIARERY Psrisehver erretmptiotrsitiend beaweior mihe

consumption dgvjges 2840856000 A AW rRRLIEOR(ES inllad RUPE AL AR IgiNE)s IR list of power
consumption options may be based on user settings and/or rg;al be predicted from historical data. As
¥

described abovie 8hiscaTSPEEHREGINE #riateass abteerdine iy getetitreeisyitiphic location of the

device 102 withinthe.geqaraphicahieatpeint anddhs.aepamphiciseatiommayhe srotiedhe system
100. [00165]The location of the access device 101 may be periodically transmitted at a predetermined

frequency or tifhe! Brafseapbiasitica Bradensiaimba tHgE ey ertonatamid ieRce 102.

This periodic trgpsmissiNohiie GRS HEYIGRIBRSE BspacallnrglldEthersrRSUMPtioN device is
mobile such as an electrical vehicle. Such a trigger event may include detection of power

consumption, aff @At ofigrEclivity rasErtohbithdaviesamplrplieriinR ¥squaP & Ry shot
1500 of an exagpleschaktiordracking sgee Bf Figure 1. The screenshot 1300 illustrates the set

up of user preferences with reference to a consumption device. The user may input
these preferences, which may include, for example, a monthly 'budgét, a percentage of
renewal, a desired temperature (whether through air conditioning or heater), the
number of rooms, consumption devices, a frequency of wash loads for laundry and a
frequency of charges for an electric vehicle, and other such choices or preferences.
These preferences may be provided to the system 100 for use in prediction as
discussed. Furthermore, consumption and behavioral data from consumption devices
102 may also be sent to the system 100 through the access device 100, which data
may be further forwarded to other consumption and access devices of a collaboration
network 200.

[00164] Figure 14 is a screen shot 1400 of an example set of energy usage options
as related to an identified access device that are selectable by a user. The screenshot
1400 shows a list of energy usage (or power consumption) options of one or more

consumption devices and based on a current location (e.g., in a house or a building).
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power. consumption and associated savings due to use of societal power. The screen shot 1500 may
be generated by an application executed by an access device 101. The screenshot 1500 shows
location-based power services provided by the system 100. The access device 101 may be configured
such that the application may recognize when power is used and, in response to such power usage,
instruct the consumption device 102 on activities and time of use. For example, activity on device data
may be provided to the system 100 for storage and/or for providing societal-scale energy preference to
the consumption device. A historic log of detected geographic locations of the access device may be
updated. 100187¢ liviekyensmconsrmal T RREPASEEE Rbaret Gy With ISLENSTAISS &Y Sther

information. F%&@éﬁ%{@@k%ﬁ@ﬁ?smdp@ag?@E@Q&%ﬁ&@a@%@ﬁmﬁﬁi&@sle@la@mﬁa%@és@onsumption
device 102 and other devices 103. The data generated may also include the geographic location of the

access device d@iseH@DueAeR5 A BEoN UL 1ERAE Bihds detilds 1B RRe time that the data
created is used,{g LISRICR{REIRAI I Al Assastatad wibHhe: daaaR 16 8linstais.arismilar manner,

location-based content services may associate other information with data, including, but not limited to,

timestamps (e.0168lim&hsarstianel Wisaireres daricq ALlcrada)peindiebertrardied ¢t aan identifier

for a consumptiopidevics assegiated withthe screasipvica andat-whaisiRatechthedaialo and data
descriptions or type identifiers (e.g., t<'jté§)hotograph metadata-type identifier). This other infolination,
asr

once associate@ it IHBRIR Terbhapem e simsmisgonaldheas s auee SYGE other tag
data associatedyyith.dataseray; Pestilizsshipr selestive retrisval and distikation 400898 The

location-based content services may provide a power consumption device for an access device with a
capability of cré¥6h@ HHEEPUBIRRIRGaHE s fie SRS GARTHEP RERBHETSBESEAE As an

example, a CoNgUMRLGRAQVisePpaYLEphysically located at a particular geographic location. The
consumption device may utilize the access device to create data or to search for data, such as

searching for nE¥HSt resEagEnt Diata @ ¢ fhes BIHkakmyframarisaddEreaniing wsstrage of the

system 100. Lagatign-haseshiasgaheRieblasar wisas N ay ReaaniZR seReNtBBHereatidsevent and
instruct the location-based services to detect the c};fqg raphic location of the access device, The

location serviceb¥ha0darest th e GEsyrddnibRRRIGH B REE catisreast4c8 s, |§to-t4§ data,

representing thg detestad grogisRbiblasation afdherecassidevisevicaaiombasaeiarget content
services may associate the location data with the consumption data and provide the data, associated

geo-tag data, ahBegisaeTlRy sthe? hasachaeantg et ston s aRp FeB ey B EISHPE & s a screen

shot 1600 of angxample-oRAGEAPHE; BRsepHRAWEs Haw parmithdecusardaadsasadgaations of
interest. The screen shot 1600 may be indicative of location content representation between data

records associat@ditAo8cEMHsEIALERES AR dOCiETIRIGRD dbhtaeyAea AR ALIRTe target

content and actiyijy;giata, andgaentamdata maydoahitertrropiganagscDataalteibutegymay represent
data respectively associated with target geographic locations. For. example, locati ata may

) n
correspond to |BEHEBRST#dhefOagUMBHEPS T fo SIS (R8BS AT c?zfﬁ’éﬁaeg}ﬁ HEH8H 1601

through 1612 n@y@@@g@éi@@qm@ PO @deity to target locations corresponding to steps 901 to
912 of Figure 9. Content services m% be configured to utilize data included.in the conﬁe%
8t&d in Figure

representation 18391 seHremeFEnd iRy ?Eﬁ?ﬁ@cbaé%?t%%r@ai’gﬂﬁ%@aﬂ? & R

16 represent idgftifiadimatcheshaweeradetectediosrtioniapdiageesiavio0171] hapaway be
provided for the consumption device to receive and anngtat thaaﬂdata in some instances, For example,

an access deviCaHYHERL ARy S HIH ERASHIST farttiet! datkivARRERREA A B850 the

access device hrsgehemphilelesiaehiatnat laaalionwidhe Hathe Poerconsumpiointiewie: My choose to
receive the identified target location data. In addition, the consumption device may make pne or more
annotations to et 8@%‘%&&%?&%&%.%ﬁ?&#&f?oﬂ&%‘?w%‘és&&%ﬁ?ﬁts&nj%%%ﬁ%ﬁw with the data
as can be metagatadassompeder@pgiicdtieons. [00172] The consumption device may further provide
consumption or sensor data for a specific activity ﬁ?‘ﬁ "IE%agtig water with water-heater'ﬁ'&, review the
data (e.g., extemOra8ht wHth iR SHEH BRI b dR AL B B SR RS TR F o b &INE WRde
accessible to thgragaesseenise g ioiacaties cansisripticrdevite anehrepert theadate (e.g.,
temperature on thermostat), The access device may, provide the. data and annotation to the system
100. Any annot&B&P5aL B‘@%ﬁ? MRS TG H I RESH L et‘?—:‘tﬁf\?ﬁ Pf‘ﬂ%é’ %féh‘?ﬁ?gﬁ%ra%ﬁccordingly,
annotations maydaeuusachiodndexaseaietdanit gidavecidehtiiedadatarfohanmatidthdataxample, a
consumption device may search accessibl datg for specifiqal% iderllltifie(tj atta}thavilxzi%ﬁa%i a ticular
rating, associatéBYHRE FSHRIMES CFXRS TSR dEifing RIS AP HE A BRs TR G2 A SVinG Sdsociated
comments, andthe isr information, once associated with the data, may be referred to as “other
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[00173] The system 100 may be further configured to enable consumption, generation and access
devices to initiate a grid network governing process with one another in connection with a target
geographic location. For example, at a location for a particular data, a device may establish and
participate in follow-up communications with one another. Such follow-up communications may be
hosted and made accessible to the involved device, and in some instances, such communications are
made accessible exclusively to the involved devices. [00174]Figure 17 is an example screen shot
1700 for the distributed information network 200 as shown in Figure 2, in which a device may annotate

power data. A Bsnsinigptieerdegideiniag ofinbananbsessweinke tyifodradnrnha vebigrikittata based

on target locatigns..Rigure L. sh0uvs thal.a gensumption device may receive data and annotate the
data. In an example, the location of the consumption device and locations between consumption

(and/or accesshddofes dig theatietclase senitoh SoA{CELBNY RERY K UATRIIPBRRVIEEIr access to
data. A consumplipn fevire pay alestdonillizeAdilionst acaess %&g&@ﬁi@rﬁg mepilesaccess
evi

devices) to retrieve and experience data Accordingly, a consumption ce may access additional
access identificiiegifis, lacat i Hital G6 WeHAY O BB M AR SHoRRKFeRePEHETEEEI Cdfmunications

to retrieve, revigw, gpdiaRnQiaiafatadthal basibean madeascessihls. 19QkGITIGWRAS is a screen

shot 1800 of an exemplary portion of a location in a power grid, to illustrate an optimal flow control
mechanism as edesipad Hikrguhssocess dedighp Pafhdabpiniaradridohdsiameiatism as

preciously desgrbeinayviberdaRteifMREt BAYWEE I8P OSINERhIINan aaRAGEY Angiseserve

forecasts. The system may use dynamic information to resolve and execute location-based

searchand-feed¥BNPyaasPORT SseRbEL0 DY ASHIRNRASHH TSRt CIBEThTE KIS ISMIfSREHC tion and

speed to identify {hg lncationAt whighiie grpsraie LRVAIIR-filladikei RewsH&RR: #@ location in a
power grid. The actuator of one or more systems 100 may perform the gap distribution analysis at

various locatiorg§qgradinarianadisactatfssir e cOMs\sHstB edree BaY ekt ¥l consumption

device as the consumyRtion Saige Moues tRWaEa R dastination, @ dasailecalprefihgesaeond device.
[00176]For example, the actuator 116 of an EV/PHEV charge station (the consumption device) may

find that consuRfERdSTREFaRZn i SRUEPPATIOGN AP €8 88V he RIS PPIR HEgA T HBHeimine that the
likely power gap.Rgbwegn demandand location data with the consumption data and provide the

data, associatéd geo-tag data, and optionally other associated tag data to the system.
[00170] Figure 16 is a screen shot 1600 of an example geographic-based power
flow map with focus on data from locations of interest. The screen shot 1600 may be
indicative of location content representation between data records associated with a
consumption device. The decision-making content data may include target content
and activit&: -dat'a, and geo-tag data may include target geo-tags. Data attribﬁtes may
represent data respectively associated with target geographic locations. For exampie,
location data may correspond to locations referenced in steps 901 to 912 of Figure 9.
The location content data 1601 through 1612 may be provided based on proximity to
target locations corresponding to steps 901 to 912 of Figure 9. Content services may
be configured té utilize data included in the content representation 1601 to search for
and identify matching geo-tag data. The arrows illustrated in Figure 16 represent
identified matches between a detected location and a geo-tag.

[00171] Data may be provided for the consumption device to receive and annotate
the data in some instances. For example, an access device may receive a notification
of identified data having been made accessible to the access device based on a
detected target location of the data. The consumption device may choose to receive

the identified target location data. In addition, the consumption device may make one
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available supply is widening at another speed in another EV/PHEV charge station (the second
consumption device), and so the gap between these two may be considered the speed gap. [001771In
one example, energy authorities or service providers may use the speed gap to determine location,
speed and direction of a consumption device. The service provider may then fill the demand for power
by the reserve and capacity power sources. The service provider may also balance the load locally as
well as at societal levels using optimal power flow control. Satisfaction of a power gap in this way may
be an indication of reaching a steady state, which may be used to aggregate power to a household as

well as at a sodietRpTevepRaders ile epiigd[due 18T PH@ebE e-diaeRiabansupRCP#itEed is to be
considered illugfrativeRRgNRiHesEIgiMe e U&%ﬁa@&ﬁiﬂgﬁﬁc@ﬁ#ﬂ%ﬁﬁ%ﬁ%ﬁg to cover all such

modifications, enhancements, and other embodiments, which fall within the true spirit and scope of the

present disclosi® 72hus Heetprn g Sies b aN SWatr o Ryl renseBpbion tepredetta

embodiments e fahe.griepmineddy thebragdestpanmissileietempretdinrahtheafrliewing claims
and their equivalents, and shall not be restricted or limited %the foregoing detailed description. While
various embodiEats hBvevrdennEatdsgistwalib&splstrdress fhs@%%ﬁgwﬁsw%mﬁ% the art that

many more embodiments, andimRlemeniasions atsAeariblenithinibs s50Re, aﬁah%%a@% detailed

description. Accordingly, the embodiments are not to be restricted except in light of the attached
claims and theifag {(haldaRpeiineMcmeside chRsisRtg device may provide the data and

annotation to the system 100. Any annotation may be added to other tag data
associated with the identified data. Accordingly, annotations may be used to index,
search, and retrieve identified data for an activity. For example, a consumption
device may search accessible data for specifically identified data having a particular
rating, associated with a particular creator, created during a particular time range,
having associated comments, and the like.

[00373] The system 100 may be further configured to enable consumption,
generation and access devices to initiate a grid network governing process with one
another in connection with a target geographic location. For example, at a location
for a particular data, a device may establish and participate in follow-up
communications with one another. Such follow-up communications may be hosted
and made accessible to the involved device, and in some mstances, such
communications are made accessible exclusively to the involved devices.

[00174] Figure 17 is an example screen shot 1700 for the distributed information
network 200 as shown in Figure 2, in which a device may annotate power data. A
consumption device may utilize the access device to post data and receive data based
on target locations. Figure 17 shows that a consumption device may receive data and
annotate the data. In an example, the location of the consumption device and
locations between consumption (and/or access) devices and the detected location may
qualify the consumption device for access to data. A consumption device may elect
to utilize additional access devices (e.g., mobile access devices) to refrieve and
experience data. Accordingly, a consumption device may access additional access
identified data, a communication display, a communication thread and sensor

communications to retrieve, review, and annotate data that has been made accessible.
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orchestrating peer-to-peer communication between power consumption devices over a communication
network, each of the power consumption devices being associated with an access device operable to
provide communication with other of the consumption devices; monitoring, using a processor of a
computing device, for new event data from the consumption devices, the new event data including
information selected from the group consisting of: device location, operating information of the devices,
and sensor data from the devices; analyzing, using the processor, the new event data to determine
power consumption behavior of the consumption devices; anticipating, using the processor, an

occurrence of d0ATR eViiguredSongiveresttisBoan SNl irnrersrun Ay reen eaderditipticn devices;
predicting, usingihe PHICES S0k H%AMIGRMBPHING UllFe SYENMRased QR anplsiH ¥ fhrteceived new

event data in relation'to past behavior data of the consumption device; and communicating the
anticipated futuié ebantiddd thee préanaelosutesing B haey sy BISF IS BtREICEGR0AYIFoN devices.

2. The method pf.laim 1 hergANGRa e thRLCAMRYUBESIy an@FERFIDG RpAlETRE power

consumption during periods of a day or week from the new event data; and comparing the pattem -
with identified patterhagtoree dnerifonieseverid i seapukes stofedorritarharyd searpl method of

claim 1 or 2, fugfhefLamausiNgid OFT methods. Dynamic information takes into consideration
direction and speed to identify the location at which to generate power to fill a likely
power gap at a location in a power grid. The actuator of one or more systems 100
may perform the gap distribution analysis at various locations to determine a distance
between a consumptidn device and a second consumption device as the consumption
device moves toward a destination, e.g., a location of the second device.
[00176] For example, the actuator 116 of an EV/PHEV charge station (the
consumption device) may find that consumption is increasing at a particular speed.
The actuator 116 may also determine that the likely power gap between demand and
available supply is widening at another speed in another EV/PHEV charge station
(the second consumption device), and so the gap between these two may be
considered the speed gap.
[06177] In one example, energy authorities or service providers may use the speed
gap to determine location, speed and direction of a consumption device. The service
provider may then fill the demand for power by the reserve and capacity power
sources. The service provider may also balance the load locally as well as at societal
levels using optimal power flow control. Satisfaction of a power gap in this way may
be an indication of reaching a steady state, which may be used to aggregate powerto a
household as well as at a societal level to determine stability. |
[00178] The above-disclosed subject matter is to be considered illustrative, and not
restrictive, and the appended claims are intended to cover all such modifications,
enhancements, and other embodiments, which fall within the true spirit and scope of
the present disclosure. Thus, to the maximum extent allowed by law, the scope of the
present embodiments are to be determined by the broadest permissible interprétation
of the following claims and their equivalents, and shall not be restricted or limited by
the foregoing detailed description. While various embodiments have been described,

it will be apparent to those of ordinary skill in the art that many more embodiments
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limiting the communication of the anticipated future event and predicted outcome to devices within a
defined geographic area. 4. The method of any of the preceding claims, where the future event
comprises a surge in power. 5. The method of any of the preceding claims, where the future event
comprises a detetinined consumption of power during a determined period of time, further comprising:
aggregating anticipated events and predicted outcomes from multiple devices over the deteimined
period of time; and predicting a surge in power at a geographic location at a future moment in time
responsive to the aggregated anticipated events and predicted outcomes. 6. The method of any of the

preceding clairkiyl inHaeanatinsee R onipiRinhsiicar e PHECHREHBHOS LERIEBPYPIThe method

of any of the preceding.flaims Mhsasibeanalyzing resinating andpradicting peruiRRREoONtiNUOUS
basis. 8. A system comprising: a processor;
claims and their equivalents.
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a network interface executable by the processor to monitor for new event data from power
consumption devices over a network, the new event data including information selected from the group
consisting of: device location, operating information of devices, and sensor data from the devices;

an estimation engine executable by the processor to analyze the new event data to determine power
consumption behavior of a consumption device; and a predictor executable by the processor to
anticipate an occurrence of a future event responsive to the analysis, and to predict the outcome of the
future event based on analysis of the new event data in relation to past behavior data of the
consumption deladas  where the network interface is further operable to communicate the
anticipated future event and the predicted outcome to one or more of the other consumption devices.
9. The system of claim 8, further comprising multiple access devices in communication with the
consumption dévices AVREROtheO ORI interface is further operable to receive the new event data

from the access devicgsyapeiWaase-the peeessiavigestaiecantiguirdie poavideptiommunication

between the consumption devices. 10. The system of claim 8 or 9, where the.ﬁre ictor is further

operable to: ex¥#eEe PEEH SR BIRSH TN SEWEHOF EPOHE PR HRPEP D EBRGFE TS new

event data; anggociGRRANRAIE haRatiedewitvistemtiiad patiaiossiarrmhiturielatiarh oleverihin a
database stored in memory. 11. The system of any of claims 8 to 10, where the network interface is
limited to a pre%ﬁﬁ‘&?@%&?&ﬁﬁ% area in which the network interface communicates the anticipated

future event and the preelichQRECAmMEs lRothssysteroaiputn @telaims @ teedlowietetdfeofuture event
comprises Sutg‘a%ecg};spu%etirén devices, the new event data including information selected from the
group consisting of: device location, operating information of the devices, and sensor
data from the devices;
analyzing, using the processor, the new event data to determine power
consumption behavior of the consumption devices;
anticipating, using the processor, an occurrence of a future event responsive to
the analysis in relation to one of the consumption devices;
predicting, using the processor, the outcome of the future event based on
analysis of the received new event data in relation to past behavior data of the
consumption device; and

communicating the anticipated future event and the predicted outcome to one

or more of the other consumption devices.

2. The method of claim 1, where anticipating further comprises:
extracting a pattern of power consumption during periods of a day or week

from the new event data; and

comparing the pattern with identified patterns stored in relation to events in a

database stored in memory.
3. The method of claim 1 or 2, further comprising:

Jimiting the communication of the anticipated future event and predicted

outcome to devices within a defined geographic area.
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13. The system of any of claims 8 to 12, where the future event comprises a determined consumption
of power during a determined period of time. 14. The system of claim 13, where the predictor is further
operable to: aggregate anticipated events and predicted outcomes from multiple devices over the
detennined period of time; and predict a common future event for a group of consumption devices
that share a common geographic area. 15. The system of any of claims 8 to 14, where the future
event comprises failure of the consumption device. 16. The system of any of claims 8 to 15, where
the estimation engine and the predictor are operable to analyze the new event data at a substantiall
continuous raté: 17. THE B58efhodram e drreaing E@Wﬁ)ftl’?’é’i’:ﬁ%mﬁﬁ‘é‘ﬁ’@: evenLePTRTAtHr Y
executable by the,progesseeto execute an actuation method comprising taking an action with relation
to a power flow to or from the consumption device; and confirming the future event through two-way
data communication with the consumption device. 18. A method comprising: determining, using a

processor of a somputing:HeNise opawes fig@aRddaain buildingmihatiaciudecneaicatsumption
devices connected into a Eower grid; _ o .
a determined consumption of power during a determined period of time, further
comprising:
aggregating anticipated events and predicted outcomes from multiple devices
over the determined period of time; and
predicting a surge in power at a geographic location at a future moment in

time responsive to the aggregated anticipated events and predicted outcomes.

6. The method of any of the preceding claims, where the future event comprises

failure of the consumption device.

7. The method of any of the preceding claims, where the analyiing,

estimating and predicting occur on a continuous basis.

8. A system comprising:

a Processor;

a network interface executable by the processor to monitor for new event data
from power consumption devices over a network, the new event data including
information selected from the group consisting of: device location, operating
infoﬁnation of devices, and sensor data from the devices;

an estimation engine executable by the processor to analyze the new event
data to determine power consumption behavior of a consumption device; and

a predictor executable by the processor to anticipate an occurrence of a future
event responsive to the analysis, and to predict the outcome of the future event based
on analysis of the new event data in relation to past behavior data of the consumption
device;

where the network interface is further operable to communicate the
anticipated future event and the predicted outcome to one or more of the other

consumption devices.
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determining an amount of power supply available from power sources that feed the buildings;
calculating, using the processor, a power demand-supply gap at each of at least some of the buildings;
forecasting, using the processor, times when and identifying building locations where the power
demand-supply gap will increase and when and where the power demand-supply gap will decrease;
determining, using the processor, one or more paths between a first building where power is
forecasted to be needed and power sources that have excess power; determining, using the
processor, a speed at which the power demand-supply gap is increasing at the first building;
identifying, using the processor, a nearest power source located along the one or more paths, the

nearest power gource HAVINg LXCRIBAAWEESURRIY AN BRI chaRigI L close dbe demand-supply power
gap before the first building reaches a blackout condition; and sending a command to the nearest

power source tePIrERBRsFasomeE 6h the eRsempbewEe tiriie ThetDibndIsGY ekdnisities asthrehbg of the
blackout conditinp, gt b &, HRERWIHINGew LeedNRetiadiRf £lalm 48,iluhalccomprising.thaddentified

nearest power source transferring the excess power to the first building. 20. The method of claim 18
or 19, where idéitiffingrfuienEigesis frigeayide communication between the consumption devices.

10. The system of claim 8 or 9, where the predictor is further operable to:
extract a pattern of power consaomption during periods of a day or week from
the new event data; and
compare the pattern with identified patterns stored in relation to events in a

database stored in memory.

11.  The system of any of claims 8 to 10, where the network interface is limited to
a predefined geographic area in which the network interface communicates the

anticipated future event and the predict outcome.

12. The system of any of claims 8 to 11, where the future event comprises a surge
in pOWET.
3. The system of any of claims 8 to 12, where the future event comprises a

determined consumption of power during a determined period of time.

14. The system of claim 13, where the predictor is further operable to:

aggregate anticipated events and predicted outcomes from multiple devices
over the determined period of time; and

predict a common future event for a group of consumption devices that share

a common geographic area.

15, The system of any of claims 8 to 14, where the future event comprises fatlure

of the consumption device.
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identifying the nearest power source that, when commanded to transfer the excess power, will not
create a likelihood of a brownout or a blackout at a second building to which the power source
provides power. 21. The method of any of claims 18 to 20, where the power sources are selected
from the group consisting of: power distributors, power generators, power collectors and power
storage reserves. 22. The method of any of claims 18 to 21, where the power sources that feed the
buildings include renewable energy sources positioned at locations of the buildings. 23. The method
of any of claims 18 to 22, further comprising: determining a shift in the one or more paths required

to avoid an obstécle ohbthevalste phiBb siiBR NI IPatiBersrilie estigerbom ey a®ddbe time on each
of the determingd AR, 0L MPERANS RRSAVSEHRIHERS ONG:CEMIE.QBRGIRRIAN e detRIMIRed optimal

paths; where identifying the nearest power source further comprises considering a needed shift in
path over which to send the excess power, and the queue time that will affect the determined speed.

24. The methodof anyf %@{gﬁ? J8a1R 2B WhEES e gommand ispeRide the nearest power source to

also alleviate a threat of a brownout condition. 25. The method of any o of claims 18 to 24, where the
buildings comprise coRfrAeIRIEE erseuiablfikeY B RACFEMMISYISERS BT pdt bmitImEthod

comprising taking an action with relation to a power flow to or from the consumption
device; and confirming the future event through two-way data communication with

the consumption device.

18. A method comprising:

deterzninﬁng, using a processor of a computing device, power demand from
buildings that include power consumption devices connected into a power grid;

determining an amount of power supply available from power sources that
feed the buildings;

calculating, using the processor, a power demand-supply gap at each of at
Ieast some of the buildings;

forecasting, using the processor, times when and identifying building
locations where the power demand-supply gap will increase and when and where the
power demand-supply gap will decrease;

determining, using the processor, one or more paths between a first building
where power is forecasted to be needed and power sources that have excess power;

determining, using the processor, a speed at which the power demand-supply
gap is increasing at the first building;

identifying, using the processor, a nearest power source located along the one
or more paths, the nearest power source having excess power supply and being able
to close the demand-supply power gap before the first building reaches a blackout
condition; and

sending a command to the nearest power source to transfer some of the excess
power to the first building, to alleviate a threat of the blackout condition at the first

building.
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19.  The method of claim 18, further comprising the identified nearest power

source transferring the excess power to the first building.

20.  The method of claim 18 or 19, where identifying further comprises:
identifying the nearest power source that, when commanded to transfer the
excess power, will not create a likelihood of a brownout or a blackout at a second

building to which the power source provides power.

21.  The method of any of claims 18 to 20, where the power sources are selected
from the group consisting of: power distributors, power generators, power collectors

and power storage reserves.

22, The method of any of claims 18 to 21, where the power sources that feed the

buildings include renewable energy sources positioned at locations of the buildings.

23.  The method of any of claims 18 to 22, further comprising:

determining a shift in the one or more paths required to avoid an obstacle on
the determined one or more paths; and

determining a queue time on each of the determined one or more paths
because of the one or more obstacles on the determined optimal paths;

where identifying the nearest power source further comprises considering a
needed shift in path over which to send the excess power, and the queue time that will

affect the determined speed.

24, The method of any of claims 18 to 23, where the command is sent to the

nearest power source to also alleviate a threat of a brownout condition.

25.  The method of any of claims 18 to 24, where the buildings comprise

communities and the first building comprises a first community.
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