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redQi r vVslubrsssaodiated increase in the utilization of communications and other computing devices,

information management within and between devices has become increasingly important. In this

regard, information may be stored in a variety of locations and in a variety of forms. For

example, information may be stored such that it is accessible via a network, such as on a data

server. Alternatively, information may be stored on memory that is local to a device, such as on
25  ahard drive or a flash memory. Further, data may be stored in different forms such as in an

encrypted form for security purposes.

Regardless of the location or form in which data is stored, a risk of data loss can exist. Data loss
can result from user error, hardware failure due to, for example, damage to a memory device, or
30  through the loss of connectivity to a device maintaining the data. In some instances, such as in
smart space or dynamic distributed device environments, where devices and associated data may
connect or disconnect at any time, data loss can be increasingly problematic due to the potential

of frequent and unpredictable disconnections.

35  Accordingly, mechanisms for avoiding data loss have value, since, in many instances, lost data

may result in lost time and effort. As a result, data consumers often rely upon redundancy of



conmuni cation resources to nove data to the redundant storage | ocation.
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In particular, according to various example embodiments, data may be identified that is relevant

to a set of one or more queries. The location of the relevant data and/or the identification of the

25  information sources (c.g., information stores) storing the relevant data, within, for example,
network or a memory device, may also be determined. Based on the identification of the
information sources that hold relevant information or data, an information source vector can be
gencrated. The information source vector may, as a result, indicate where relevant data to the set
of queries may be found. The information source vector may also be verified by determining

30  whether an equivalence class representation of the information vector can be generated. The
information source vector may then be used to generate a cyclotomic polynomial. The
cyclotomic polynomial may then be factored to generate a plurality of orthogonal data
signatures. By generating the data signatures in this manner, two or more data signatures of the
plurality of data signatures may be combined to reconstruct the cyclotomic polynomial and,

35  accordingly, the original data used to generate the cyclotomic polynomial. In some example

embodiments, dispersion of the data signatures to information stores of a dynamic distributed



accordingly, the original data used to generate the cycl otom c pol ynom al .
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program product includes at least one computer-readable storage medium having executable
computer-readable program code instructions stored therein. The computer-readable program
25  code instructions may be configured to identify data that is relevant to a set of one or more
queries and generate an information source vector that indicates information sources associated
with the data. The program code instructions may also be configured to generate a cyclotomic
polynomial based on the information source vector and factor the cyclotomic polynomial to
generate a plurality of orthogonal data signatures.
30
Yet another example embodiment of the present invention is a method for polynomial-based data
transformation and utilization. The example method includes identifying data that is relevant to
a set of one or more queries and generating an information source vector that indicates
information sources associated with the data. The example method also includes generating a
35  cyclotomic polynomial based on the information source vector and factoring the cyclotomic

polynomial to generate a plurality of orthogonal data signatures.
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20  FIG. 3 is an illustration of a flowchart of yet another method for polynomial based data

transformation and utilization according to various example embodiments of the present

invention.

DETAILED DESCRIPTION
25 Embodiments of the present invention will now be described more fully hereinafter with
reference to the accompanying drawings, in which some, but not all embodiments of the
invention are shown. Indeed, the invention may be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will satisfy applicable legal requirements. Like
30  reference numerals refer to like elements throughout. As used herein, the terms “data,”

kI3

“content,” “information,” and similar terms may be used interchangeably to refer to data capable

of being transmitted, received, operated on, and/or stored in accordance with embodiments of the

kN9

present invention. As used herein, the terms “request,” “message,” and similar terms may be
used interchangeably to refer to communications within a smart space in accordance with
35 embodiments of the present invention. As used herein, the term “local,” with respect to a device,

refers to an aspect that is on or within the same device, and the term “remote,” with respect to a



of being transmtted, received, operated on, and/or stored in accordance
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may be any application or portion of an application executed by a device connected to the smart
space. A node may be aware of other nodes of the smart space, such as adjacent nodes. The

25  application of a node may be any application that may implement storing, retrieving, computing,
transmitting, and receiving information. In various embodiments, a node may be representative
of applications being executed by various devices, such that in some exemplary embodiments, a
node may be exccuted by the same device, or one device may execute a plurality of nodes.
Further, in some embodiments, a single node may be implemented by more than one device such

30  that the devices share the node.

A node may include an external interface, a node information store interface, and a task. The

external interface may consider a node’s interaction with the external world (e.g., auser). The

node information store interface may be used to transfer information to and retrieve information
35  from an information store via the smart space. The task may define a relationship between the

external interface and the node information store interface. For example, if a user wishes to
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25  algorithm. Any known dispersion algorithm may be utilized to disperse data (¢.g., partial data

closures, data signatures, etc.) amongst the information stores of a smart space.

In some example embodiments, the dispersion algorithm may also be used to decompose a data
set into partial closures (also known as partial data closures) and the partial closures may be

30  dispersed within the smart space. According to various example embodiments, the original data
set, or a reliable prediction of the original data set, may be generated from two or more partial

closures.

Example embodiments of the present invention may provide for transforming or synthesizing
35  partial closures into irreducible polynomial expressions of a desired degree, or data signatures,

using a factoring algorithm or other mathematical techniques (e.g., cyclotomic polynomial



set into partial closures (also known as partial data closures) and the
partial closures may be dispersed within the snart space. According to
various ewerrpiom7esvhodi nents, the original data set, or a&craiiicaphd737

predi ction of the original data set, may be generated fromtw or nore
partial closures. Exanple enbodinments of the present invention may provide
for transform ng or synthesizing partial closures into irreducible

pol ynom al expressi ons of a desired degree, or data signatures, using a
factoring al gori. or ot her matherratlcal techni.ques (e.qg., | ot omi c

pol ynoﬁi“gP%%?ng 51?9@5 2 JRTEET VYAPRCUE SHERE ORI %ﬁ‘@?&‘?twg‘&%hﬁégls regard,
communiag@atiyonsy bratvavddshatlidentificsdate@ay. doca datapfoy gomyating arpaceil viesurt hat

| dent | frhes, 18 G o 008U ABLAL 0K, SERARALAG R A b SLORGE oThese

data si gnat ures” ma ersion o
parti alt ecdaéﬁsﬁag@@r%@lmg:smq%l@r teitize tbmgfhaquip%célve;éamgl Cé%}rqSeﬂn janesxemplaian t he

res E'effetn\bedlﬂithfsl b d@ﬂa@fg‘ﬁét@ﬁes afd"sn&dl’l'&'ﬁs@&@ BB¢ ALY re@ iR AN %lhmﬁﬂh@edd atéle -
S|gna res. are cause re an S elLimn e e
S n s i G PR e 1 B SR N B TP S e S3b Pl ity AERES: o

si gnat ynegingdubzionsgey. The dquegydtwygs fnap bt storwallin the. infiiatttat shorss gfitht smas may
be storgd. il itk MR éu%q%f&r %éné%f ﬁl@g xgaﬁrﬁé& AR PAELathiRs f8G rllink @S

satisfying sub sequentwr]?erl es, gener a data si gnat ures, %Ol’dl ng to

vari oudeFsrEDls ﬁﬁ@afilﬁﬁﬁfssfacﬂ%? Fﬁf&cgpbmml.a&?lbﬁ%quﬁma?% iSé%nmatlon and

t r aosf apgragdtionin thepsahdealfidnitand madpae@aini@mation.t he presence of

distributed and partial information. Wthin an exanple smart space, various

data signatures nay be generated in response to a query or other triggering

messagéeVithip an pxamplegmartspage.lvetals qage tignaturey waybegaraiatdslan gesnetsatted qUAY so,

rendt e ogdathar i@ &u{gQﬁess@g% wehﬁs RfartieRLS ﬁéﬁia@d%w@ﬁ;awb@%e&ﬂat@& hgrsodevi ces,
may be nerateg0 suc dat a a gnatures nné1 &‘é’ de on ‘t? Iurallty of

devi ce$ ‘Fﬁﬁtﬁ SH@%\%W &5 B9 de dafa sighatires g3 eer R isss dPRgPG B4 o

exafpl sudnbadsigentss nagecddt @ splgnityusfesvicesywhlien gentevak ecthiaq aamrmrspme t hat

ST AR AU AEDORERoBinhROBE 130 Bk SLADALNLER AN RLARE

i ces he content o trans
the saﬁ@t?’é%lFﬁﬁqu@@gQU@hb’éﬁéYe@P@t Ea%téﬁlgéﬂa@lsgﬁavwm offisedeva¢eget si gnature may
be distributed throughout the smart space to facilitate the identification

f dat t t h th t d tent of th
Cdenti Y oAb 8P ol oBRaS A SRS R B st et "
di 2éct ltyrggordnrimed The tayeetsrgatiramde te dISinbateslltlgnaghwet;he lsma opase éx Bpitae
enmbodi @T?e'lhéntlffcgﬁorp&tcﬁtassh@ﬂﬁfréértﬁét &k ReReSYNLIHES §ftﬁ@€ﬁ&§r' PoAl €

orthogonal to each other~ deductive signature nmay then be transformed,
usi ng fENUERHHIPEOPTREE dééac%%@nfr% £ B SeFafESP, m‘i‘>h‘?edh§°‘f wm'alp%@rg@n@fi °t he
data r @,Gﬂd&lﬁﬂl@d sigpattiide 1§ statiy/ cx ahplsattbodirgxasnmhed endigaitrentssd of a §iehepisesent

I nvent I0 Lafl (l)rl a(ljr\évof ogongleto egcrllg&fieranﬂled(%hgctgl % Elt%eetga); fhien be transformed, using

25  for example, an access function or key, into a full closure of the data requested by the query. As
such, example embodiments of the present invention allow for the target and data signatures to

facilitate the reliable and consistent dynamic deduction of the result of a query of data within the

smart space via partial, distributed information.

30  Accordingly, example embodiments of the present invention provide balance between computing
closures in advance of a query versus defining an access function. Example embodiments can
therefore dynamically, or in an on-demand fashion, generate query results. Further, the
procedure of determining the query results may converge to mixed feed-back/feed-forward
computing of the information gain while balancing the various factors.

35
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space environment. As such, example embodiments of the present invention make use of non-
decomposable components, or minimum components, that are sustained and useful for

25  consideration and composition.

To consider the distributed deductive closure generation, the following assumption may be used.
Following from decomposability criterion for elementary theories and partition-based logical
reasoning for first-order and propositional theories, sets of facts (¢.g., data sets) may be

30  recognized as a decomposable deductive closure from the perspective of a corresponding
signature. In some instances, this may be true if the deductive closure is in the form of predicate
calculus of all sets of the facts of some partial closures with orthogonal signatures. Once joined

or synthesized, the orthogonal signatures may produce a complete or deductive data signature.

35  Inthis regard, a set of facts (e.g., a data set within one or more information stores) may be

represented by a triple form of the facts, namely a Subject-Predicate-Object representation,
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25  predefined format of those facts representation (¢.g., Subject-Predicate-Object triple), where one
of the formats’ ficlds (e.g., the Predicate ficld) is consistent across the facts and forms a
necessary partial closure that is orthogonal to any other partial closure signature, then some
embodiments of the present invention may be implemented to perform distributed deductive
closure synthesis.
30
Considering the signatures framework described above, a valid irreducible polynomial, with a
corresponding key, may serve a role for signatures creation and validation. Having orthogonality
by definition of polynomial propertics and taking the Predicate portion as a consistent
representation of a partial closure within all accessible information, exemplary mechanisms for

35  distributed deductive closure synthesis may be described.
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25  like. Each query may be therefore expressed as a k-bit vector referred to as the information

source vector.

In this regard, an element of the information source vector may be equal to one if the information

source x contributes to a given query. Otherwise the element of the vector may be equal to zero.
30  Forexample, an element j of the information source vector may be one if x; contributes to the

value of ¢;. On the other hand, if x; does not contribute to the value of g;, element j may be zero.

In this regard, the element with respect to an example query, ¢;, and information source readings
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(g, -x). As such, the elements of the information source vector may be input parameters of a

35  desired polynomial form.
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20  prime factorization, then a construction of polynomials may be generated over the finite ficld

of degree ¢, for i=1,...,r, and the polynomials may be combined together to form an irreducible

polynomial of degree m.

The resultant irreducible polynomial may be used as one productization of a dispersing
25  mechanism. Since the resultant irreducible polynomial may be generated by means of a
factoring algorithm, the resultant irreducible polynomial may be represented as the product of a

particular number of distinct irreducible polynomials of defined degree.

In this regard, a cyclotomic polynomial &, =X !+ ...+1 may be factored to obtain an

30  irreducible polynomial of degree m. The procedure may produce a finite field (e.g,, a cyclic
group of order p™ —1 where p is a predetermined prime number) and a primitive g-th root of a
particular unity in the finite ficld. The polynomial construction may therefore be reduced to
finding the roots of the polynomials of the form X —c¢ over the finite field. A reduction from

factoring may then be performed at the degree of mto 1. As a result, a set of irreducible
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Further, according to some example embodiments, checking against consistency of synthesized

polynomials and aligning them with dissemination and aggregation policies/strategies can also
25  beperformed. Further, the process of information transformation as described herein may be bi-

directional, meaning that information can be transformed back and forth between the original,

underlying data and the polynomial form.

The irreducible polynomials or non-decomposable components of information may be the

30  minimum sustained components of interest for the consideration and further information
composition. Evaluating data taken from the information domain (e.g., the original
representation of the data) and transforming the data into the irreducible polynomial (e.g., data
signatures) may allow for the ability to render information closure in terms of a domain where
efficient information processing can be undertaken.
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t 020hetdigamiche requests nmay be deconposed into conponent parts. If so, the
request may be di ssem nat ed within the network at 120. |If the request

cannot be deconposed, yest may. be forwarded
FIG. 11 lustrrraP[es a method ?or facqhtatsmg dlst¥1buted deductive closure synthesis and

polynomial-based data transformation and utilization according to example embodiments of the
present invention. In this regard, at 100 requests may enter the network (e.g., dynamic

25  distributed device network). The requests may be any type of message, such as, for example, a
query or a request to store information. At 105, a determination may be as to whether the
requests may be decomposed into component parts. If so, the request may be disseminated
within the network at 120. If the request cannot be decomposed, the request may be forwarded
within an updateable path 110. The non-decomposable requests may then be passed through a

30  path within the network and a partial closures sclection may be undertaken with respect to the
requests at 115. The requests may then be acted upon by one or more individual devices of the
network to transform the requests as indicated by the link to the single device perspective flow
101.

35  With respect to the decomposable requests, these requests may be disseminated at 120 and

received by one or more devices of the network. Upon receipt, the request may enter the single
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At 170, deductive closures may be restored at the point of the network that received the request

or at another appropriate location.

25  FIG. 1bis an illustration of a flowchart of another method for polynomial-based data
transformation and utilization in accordance with various example embodiments of the present
invention. At 180, requests (e.g., queries) or an information stream may enter a system that
employs example embodiments of the present invention. In this regard, in some example
embodiments, an information stream may be indicative of a change in underlying data. At 182, a

30  classes selection and finite fields determination may be performed. At 184, a reduction to
constructing cyclotomic extensions may be performed. In this regard, according to some
example embodiments, at 184, an information source vector may be generated. Further, at 186, a
primitive polynomial construction may be performed. At 194, the primitive polynomials may be
retained or stored and a classes selection and finite fields determination may begin again at 182.
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25  aforementioned, or the like. Further, the apparatus 200 may be configured to implement various
aspects of the present invention as described herein including, for example, various example
methods of the present invention, where the methods may be implemented by means of a
hardware and/or software configured processor (¢.g., processor 205), a computer-readable
medium, or the like.

30
The apparatus 200 may include or otherwise be in communication with a processor 205, a
memory device 210, and a communications interface 215. Further, in some embodiments, such
as embodiments where the apparatus 200 is a mobile terminal, the apparatus 200 also includes a
user interface 225. The processor 205 may be embodied as various means including, for

35  example, a microprocessor, a coprocessor, a controller, or various other processing devices

including integrated circuits such as, for example, an ASIC (application specific integrated
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accordance with exarrp enbodi'nments of present. I nvention. For exanple,
the mespRPUigeirred! eznreg@mﬂ%‘e Hétreeﬁﬁnﬁgqfﬁléf‘dlﬂ%e@b?mbblﬁgﬁ ApLacerqr 205 and the

apparatus 200 to carry out various functions in accordance with example embodiments of the
present invention. For example, the memory device 210 could be configured to buffer input data
25  for processing by the processor 205. Additionally, or alternatively, the memory device 210 may

be configured to store instructions for execution by the processor 205.

The user interface 225 may be in communication with the processor 205 to receive user input at
the user interface 225 and/or to provide output to a user as, for example, audible, visual,

30  mechanical or other output indications. The user interface 225 may include, for example, a
keyboard, a mouse, a joystick, a display (¢.g., a touch screen display), a microphone, a speaker,
or other input/output mechanisms. In some example embodiments, the display of the user
interface 225 may be configured to present results of a query performed in accordance with
embodiments of the present invention.

35
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(4G wireless comuni cation protocols, "intérnational
communication protocols, such as Evolved Universal Terrestrial Radio Access Network (E-

UTRAN), with fourth-generation (4G) wireless communication protocols, international mobile
telecommunications advanced (IMT-Advanced) protocols, Long Term Evolution (LTE)

25  protocols including LTE-advanced, or the like. Further, communications interface 215 may be
configured to provide for communications in accordance with techniques such as, for example,
radio frequency (RF), infrared (IrDA) or any of a number of different wircless networking
techniques, including WLAN techniques such as IEEE 802.11 (e.g., 802.11a, 802.11b, 802.11g,
802.11n, etc.), wireless local area network (WLAN) protocols, world interoperability for

30 microwave access (WiMAX) techniques such as IEEE 802.16, and/or wireless Personal Area
Network (WPAN) techniques such as IEEE 802.15, BlueTooth (BT), ultra wideband (UWB)
and/or the like.

The query/data manager 240 and the polynomial generator 245 of apparatus 200 may be any
35  means or device embodied in hardware, a computer program product, or a combination of

hardware and software, such as processor 205 implementing software instructions or a hardware
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cyclotomic polynomial to generate the plurality of orthogonal data signatures, where the
orthogonal data signatures are irreducible polynomials. In some example embodiments, the
25  polynomial generator 245 may also be configured to update the orthogonal data signatures by

factoring a new cyclotomic polynomial generated based on updated data.

According to some example embodiments, the query/data manager 240 may be further
configured to direct a dispersion of the orthogonal data signatures to information stores within a
30  dynamic distributed device network. Additionally, or alternatively, the query/data manager 240
may be configured to receive a new query and locate two or more of the orthogonal data
signatures based on the new query. The two or more orthogonal data signatures may be located

via the network 220 or on the memory device 210.

35  Inthis regard, the polynomial generator 245 may be configured to reconstruct the cyclotomic

polynomial based on the located orthogonal data signatures. Further, based on the cyclotomic
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In one example embodiment, one or more of the procedures described herein are embodied by a
25  computer program product including program code instructions. In this regard, the program
code instructions which embody the procedures described herein may be stored by or on a
memory device, such as memory device 210, of an apparatus, such as apparatus 200, and
executed by a processor, such as the processor 205. As will be appreciated, any such program
code instructions may be loaded onto a computer, processor, or other programmable apparatus
30  (e.g., processor 205, memory device 210) to produce a machine which, in turn, includes means
for implementing the functions specified in the flowcharts’ block(s), step(s), or operation(s), or
as otherwise described generally above. In some example embodiments, these program code
instructions are also stored in a computer-readable storage medium that directs a computer, a
processor, or other programmable apparatus to function in a particular manner, such that the
35 instructions stored in the computer-readable storage medium produce an article of manufacture

which also includes means which implement the function specified in the flowcharts’ block(s),
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be generated. The information source vector may indicate information sources that are
associated with the data that is relevant to the set of queries. Additionally, at 310, in some
25  example embodiments, generating the information source vector may include performing a

verification of the information source vector by generating an equivalence class.

At 320, the example method may include generating a cyclotomic polynomial. The cyclotomic
polynomial may be based on the information source vector. Further, at 330, the cyclotomic
30  polynomial may be factored to generate a plurality of orthogonal data signatures. In some

example embodiments, the orthogonal data signatures may be irreducible polynomials.

Additionally, or alternatively, at 340, the example method may include directing a dispersion of
the orthogonal data signatures to information stores within a dynamic distributed device network.
35  Additionally, or alternatively, at 390, the example method may include updating the orthogonal

data signatures by factoring of a new cyclotomic polynomial generated based on updated data.
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functions other than those explicitly described above are al so contenpl at ed
as may be set forth in sone of the appended clains. Although specific terns
are enpl oyedotvarres7m, they are used in a generic and desecirpiiovwomesrse only
and not for purposes of limtation. WHAT IS CLAIMED IS: 1. An apparatus
conprising a processor, the processor configured to: identify data that is
relevant to a set of one or nore queries; generate an information source
vector that indicates information sources associated with the data that is
rel evant t gueries; generate a cyclotom c polynom al based on

t he in&gﬁﬁ&ﬁ%gﬁ“@g/kﬁ]ﬁ 'vector; and factor the cyclotom c polynonial to
generate a plurality of orthogonal data signatures. 2. The apparatus of
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dat a cl osur gefergen chdotomed tlpminpalgwkgthontha inforhativh eowppercatrumdof claim 1,
wher ei n the cRERERSSRItGRRHLAMbEH tP FERRY AbiGraliRef FHHOEIR LANsiSRHIEE Vect or
i ncl udes bei ng coﬁ%?éhregEkgMperfor%1a véf%??g’tlon o% t he i% ormati on
source vector by generating an equival ence class. 5. The apparatus of claim
1, 1eherei n the pTheaganitus o claintiheherenhe gacadortio fiipdatafighedaos thaganal
on tpd SR Bg BaEL rRert B UG Bl PR R RE u B GRAER G Pooee
conf i gdedde idwpEet or the cycl otonmic pol ynonial to generate the plurality of
ort hogonal data signatures includes being configured to factor the
cyclotomc polyngmal to generate the plurality of orthogonal data
Sl gnat ur es, Jthe Ot HSGBRATOTGRIA |1 ?famL%gfos%%S%ds FrPSEERTHE Y861 ynon al s.
7. 17he apparativs aobwajuaiytn 1 furt her conprising a nenory device, the nmenory

devi ce stor ildlg%e%?z%yF@Eé&ﬁﬁ‘@'&%o@oﬁ&%&%f@nﬁ%@e@; instructions accessible to
or for confi ng

t he process qurl‘ ) )
reconstruct the cyclotomic polynomial based on the located orthogonal data signatures;

and

generate a deductive data closure from the cyclotomic polynomial.

20
4. The apparatus of claim 1, wherein the processor configured to generate the
information source vector includes being configured to perform a verification of the information
source vector by generating an equivalence class.
25 5. The apparatus of claim 1, wherein the processor is further configured to update

the orthogonal data signatures by factoring of a new cyclotomic polynomial generated based on
updated data.

6. The apparatus of claim 1, wherein the processor configured to factor the
30  cyclotomic polynomial to generate the plurality of orthogonal data signatures includes being
configured to factor the cyclotomic polynomial to generate the plurality of orthogonal data

signatures, the orthogonal data signatures being irreducible polynomials.

7. The apparatus of claim | further comprising a memory device, the memory device
35  storing computer-readable program code instructions accessible to the processor for configuring

the processor.



the processor.8. The apparatus of claim1, wherein the apparatus conprises
a nobile termnal. 9. A nethod conprising: identifying data that is

rel evant wo 2810896370f one or nore queries; generating anpcmfrez00%B050037 Sour ce
vector that indicates information sources associated with the data that is
relevant to the set of queries; generating a cyclotom c pol ynom al based on
the information source vector; andjpfactoring, via a processor, the
cyclotom c polynomial to generate a plurality of orthogonal data
signatures. 10. The method of claim9 further conprising directing a

di spersion of the orthogonal data signatures to information stores within a
dynam c di s8ri buTkdagawtweefritimar Wherkih. thd iygarmedshochpoikescd mobilcGedminglher
conprising: receiving a new query; locating two or nore of the orthogonal
data signatures; reconstructing the cyclotom c polynom al based on the

| ocat ed ort Rogondlmethedcasingisiigir es; and generating a deductive data closure
from the cyedeatiBimgCdapothitiordl@lant tha.sctléfne®t ARt @feried;ai m 9 further

conpri si ng ugrijati ng t. or.t hogonal att%\ Si gﬁgt UFBFS by factori noq.otf a new
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cl ai m Wvithvthedah thaf matlovdnnty thbiectoyqlasicomi ¢ pol ynomi al to generate the
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pol ynom al fo gen e the plaralijty of orthogonal data signatures, the
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pr ogr amefasa@du@iesconpri sing at | east one conputer-readabl e storage nedi um
havi ng execut abl e conput er-readabl e program code instructions stored
therein, the program code instructions configured to: identify data that is
rel evant tol8 setfthomethad obelampf durthee eéreprisinpedizactinga dinpirsip pithe brhogooal ce
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rel evant to the set of queries; generate a cyclotom c polynom al based on

the information source vector; andfactor the cyclotom c polynomal to
genérate a pluralh¢ yetibdof tlhmgd fiathededraprisignat ures. 15. The conput er

program pr Ogéé‘éfvin%fa &k@&d&}“, wherein the program code
locating two or more of the orthogonal data signatures;
reconstructing the cyclotomic polynomial based on the located orthogonal data
signatures; and

20 generating a deductive data closure from the cyclotomic polynomial.

12.  The method of claim 9 further comprising updating the orthogonal data signatures

by factoring of a new cyclotomic polynomial generated based on updated data.

25 13.  The method of claim 9, wherein factoring the cyclotomic polynomial to generate
the plurality of orthogonal data signatures includes factoring the cyclotomic polynomial to
generate the plurality of orthogonal data signatures, the orthogonal data signatures being

irreducible polynomials.

30 14. A computer program product comprising at least one computer-readable storage
medium having executable computer-readable program code instructions stored therein, the
program code instructions configured to:

identify data that is relevant to a set of one or more queries;
generate an information source vector that indicates information sources associated with
35  the data that is relevant to the set of queries;

generate a cyclotomic polynomial based on the information source vector; and



instructions are further configured to direct the dispersion of the
orthogonal data signatures to information stores within a dynamc

di stri butwo 20emi7ezinet work. 16. The conputer program pr edugoodombzm m 14,
wherein the programcode instructions are further configured to: receive a
new query; |locate two or nore of the orthogonal data signatures;
reconstruct the cyclotom c pol ynonhal based on the | ocated orthogonal data
si gnatures; and generate a deductive data closure fromthe cyclotomc

pol ynom al . |17. The ut e ram product aim 14, wherein the
progr am codéacrqrélrer% B’Hgf“&% FRRFIER R rairfye i toR@ogRb iR P IRRHYSSUr ce

vector include being configured to perform a verification of the

i nformationgour q 18. The
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19. An apparatus conprising: nmeans for identifying data that is relevant to
a set of one or nore queries; nmeans for generating an information source
vector that 16ndi The ecsnlbm&qxrowram@mchlomf@@mdéswhﬁameue wioghunt ¢reledat a that is
rel evanﬁstﬁl&lén%frﬁhh&fcoﬂﬁ' 88, Mmeans for generating a cyclotomc

pol ynom al based on the ihformation source vector; and neans for factoring
t he cycl ot of€VESIYWSIHFAF to generate a plurality of orthogonal data

si goat ures. lo':b@tetﬁl}barﬁmmfahddsnlﬁfgoﬁilaﬂamsi@afuwst her conprising neans for
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stores within yham evi ce ne
and
generate a deductive data closure from the cyclotomic polynomial.
15 17.  The computer program product of claim 14, wherein the program code

instructions configured to generate the information source vector include being configured to

perform a verification of the information source vector by generating an equivalence class.

18.  The computer program product of claim 14, wherein the program code
20  instructions are further configured to update the orthogonal data signatures by factoring of a new

cyclotomic polynomial generated based on updated data.

19.  An apparatus comprising:
means for identifying data that is relevant to a set of one or more queries;
25 means for generating an information source vector that indicates information sources
associated with the data that is relevant to the set of queries;
means for generating a cyclotomic polynomial based on the information source vector;
and
means for factoring the cyclotomic polynomial to generate a plurality of orthogonal data

30  signatures.

20.  The apparatus of claim 19 further comprising means for directing a dispersion of

the orthogonal data signatures to information stores within a dynamic distributed device network.

35



