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20 As the flexibility and functionality of mobile communications devices increases, options for

networking technologies continue to evolve. For example, the technology associated with
dynamic distributed device networks or dynamic architecture networks, such as smart spaces, are

becoming increasingly practical due to the evolution of mobile communications devices.

25 A smart space may be an environment where a number of devices may use a shared view of
resources and services to access information within the environment. In this regard, smart spaces
can provide improved user experiences by allowing users to flexibly introduce new devices and
access most or all of the information available in the multiple device environment from any of
the devices within the environment.

30
However, information management and message routing in smart spaces can be complex since
smart spaces do not have a static network topology. As a result, difficulties often arise regarding
how to handle information present in the devices within a smart space, knowing that the devices
and the associated information may not be accessible at any moment due to the device leaving

35  the smart space.



or partial closures and disperse the partial closures throughout the smart
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gencrated based on a received query. In some example embodiments, the data signatures
represent smaller sized data packages, relative to partial data closures, that may be used to
25  reproduce a full or deductive data closure through a process of combination and transformation.
According to various example embodiments, the data signature may be dispersed within a smart
space using a dispersion technique such as a uniform or skewed/non-uniform dispersion
technique. Due to changes in a dynamic distributed device network and/or associated changes to
data within the network, data signatures may be regularly or irregularly re-synthesized or
30  updated to ensure that the data signatures accurately represent the data upon which the data
signatures are based. The data signatures may be subsequently stored to facilitate use of the data

signatures with respect to later queries.

Having dispersed and updated the data signatures, various example embodiments may receive a
35  query. The query may also be transformed using, for example cyclotomic polynomial

extensions, to generate a target signature. The target signature may then be used to locate, within



extensions, to generate a target signature. The target signature may then
be used to locate, withina smart space or other dynam c distributed
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25  within a dynamic distributed device network.

In another example embodiment of the present invention, a computer program product for
determining data signatures is provided. The example computer program product includes at
least one computer-readable storage medium having executable computer-readable program code

30  instructions stored therein. The computer-readable program code instructions may be configured
to receive a first query and generate a local partial closure of the data identified by the first
query. The computer-readable program code instructions may be further configured to
synthesize a data signature of the local partial closure. In this regard, the data signature may be
an irreducible polynomial expression and the data signature may be orthogonal to remote data

35  signatures generated from remote partial closures. Further, the computer-readable program code
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20  store within a dynamic distributed device network.

BRIEF DESCRIPTION OF THE DRAWING(S)

Having thus described the invention in general terms, reference will now be made to the
accompanying drawings, which are not necessarily drawn to scale, and wherein:

25  FIG. I is an illustration of flow chart of a method for determining data signatures in accordance
with various example embodiments of the present invention;
FIG. 2 is block diagram representation of an apparatus for determining and utilizing data
signatures in a dynamic distributed device network according to various example embodiments
of the present invention; and

30  FIG. 3 is a flowchart of a method for determining and utilizing data signatures according to

various example embodiments of the present invention.

DETAILED DESCRIPTION
Embodiments of the present invention will now be described more fully hereinafter with
35  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
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or otherwise interact with data, for example through the use of queries. In this regard, a node
may be any application or portion of an application executed by a device connected to the smart

25  space. A node may be aware of other nodes of the smart space, such as adjacent nodes. The
application of a node may be any application that may implement storing, retriecving, 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 executed by the same device, or one device may execute a plurality of nodes.

30  Further, in some embodiments, a single node may be implemented by more than one device such

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
35 node information store interface may be used to transfer information to and retrieve information

from an information store via the smart space. The task may define a relationship between the
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di spersion algorithmmay al so be used to deconpose a data
Since information stores may be implemented by any device that is connected to the smart space,

the data of the smart space may be distributed or dispersed within the smart space amongst the
25  information stores. In this regard, data within the smart space may be acted upon by a dispersion
algorithm. Any known dispersion algorithm may be utilized to disperse data (e.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
30  setinto partial closures (also known as partial data closures) and the partial closure may be

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.

35 Embodiments of the present invention also provide for transforming or synthesizing partial

closures into irreducible polynomial expressions of a desired degree, or data signatures, using a
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such, example embodiments of the present invention allow for the target and data signatures to
25  facilitate the reliable and consistent dynamic deduction of the result of a query of data within the

smart space via partial, distributed information.

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
30  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.

In this regard, to consider the current state of a word (e.g., a partial closure or data signature) at
35 least three separate items of the information to be identified or consumed may be presented. The

items may be observations pertaining to the current situation, generic knowledge about any
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for elementary theories and partition-based |ogical reasoning for

first-GPREtCTaioR 2389¢ 6B Yhal t heories, sets of facts (e.g., data sets) may
be

To consider the distributed deductive closure generation, the following assumption may be used.
25  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
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

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

In this 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,

where the Predicate may be consistent and may thereby facilitate forming a necessary partial
35  closure signature (e.g., data signature) that is orthogonal to any other partial closure signature.

The Predicate may therefore shape the set of potential information by purpose and definition.
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mechanisms for distributed deductive closure synthesis may be described.

25  With respect to the operation of the network (e.g., smart space), facts or data may be inserted or
removed and queries may be inserted and/or satisfied. Facts and queries may be distributed or
dispersed in a uniform or skewed/non-uniform fashion. Further, in some example embodiments,
facts and queries may be encoded by means of some vector. As a result, facts and queries may
be taken as input parameters of some predetermined polynomial form and an irreducible

30  polynomial may be used as a dispersing mechanism.

Since irreducible polynomials may be created by means of a factoring algorithm, the resultant

irreducible expression may be represented as the product of a desired number of distinct

irreducible polynomials of a defined degree. As such, information transfer may be represented
35  through an accumulated set of distinct irreducible polynomials, and information transfer can be

translated into one or more irreducible polynomials. Thus, a most relevant first-order logic
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FIG. 1 illustrates a method for facilitating distributed deductive closure synthesis according to
example embodiments of the present invention. In this regard, at 100 requests may enter the

25  network (e.g., dynamic 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

30  passed through a 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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or at another appropriate location.

25  FIG. 2 illustrates an example apparatus 200 configured for distributed deductive closure
synthesis in a dynamic distributed device network according to various embodiments of the
present invention. The apparatus 200, and in particular the processor 205, may be configured to
implement the operations and functionality described generally above, such as with respect to
generation and dispersion of data signatures and the handling of a query for the retrieval of data.

30  Further, the apparatus 200, and in particular the processor 205 may be configured to carry out

some or all of the operations described with respect to FIGs. 1 and 3.

In some example embodiments, the apparatus 200 may be embodied as, or included as a
component of, a computing device and/or a communications device with wired or wireless
35 communications capabilitics. Some examples of the apparatus 200 include a computer, a server,

a mobile terminal such as, a mobile telephone, a portable digital assistant (PDA), a pager, a
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The memory device 210 may be configured to store various information involved in

25  implementing embodiments of the present invention such as, for example, target and data
signatures. The memory device 210 may be a computer-readable storage medium that may
include volatile and/or non-volatile memory. For example, memory device 210 may include
Random Access Memory (RAM) including dynamic and/or static RAM, on-chip or off-chip
cache memory, and/or the like. Further, memory device 210 may include non-volatile memory,

30  which may be embedded and/or removable, and may include, for example, read-only memory,
flash memory, magnetic storage devices (e.g., hard disks, floppy disk drives, magnetic tape, etc.),
optical disc drives and/or media, non-volatile random access memory (NVRAM), and/or the like.
Memory device 210 may include a cache area for temporary storage of data. In this regard, some
or all of memory device 210 may be included within the processor 205.

35
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distributed device network. Apparatus 200 may be one of many devices that are part of a

dynamic distributed device network (e.g., network 220) defined as a network where devices
25  leave or enter the network at any time. In some example embodiments, network 220 may

exemplify a peer-to-peer connection. Via the communication interface 215, the apparatus 200

may communicate with various other network entities.

The communications interface 215 may be configured to provide for communications in

30  accordance with any wired or wircless communication standard. For example, communications
interface 215 may be configured to provide for communications in accordance with second-
generation (2G) wireless communication protocols IS-136 (time division multiple access
(TDMA)), GSM (global system for mobile communication), IS-95 (code division multiple
access (CDMA)), third-generation (3G) wireless communication protocols, such as Universal

35  Mobile Telecommunications System (UMTS), CDMA2000, wideband CDMA (WCDMA) and
time division-synchronous CDMA (TD-SCDMA), 3.9 generation (3.9G) wireless
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may be performed by one or more other apparatuses.

25  The signature synthesizer 240 may be configured to receive a query and generate a local partial
closure of the data identified by the query. The signature synthesizer 240 may also be
configured to synthesize a data signature of the local partial closure via, for example, cyclotomic
polynomial extensions. In this regard, the data signature may be an irreducible polynomial
expression. Further, the data signature may be orthogonal to remote data signatures generated

30  from remote partial closures. In some example embodiments, the remote data signatures may be
generated on other, remote devices and/or processors that are part of a dynamic distributed
device network. The signature synthesizer 204 may also be configured to store the data signature
in an information store (e.g., the memory device 210) within the dynamic distributed device
network. In some example embodiments, the signature synthesizer 240 may be further

35  configured to re-synthesize the data signature regularly, irregularly, and/or in response to, for

example, changes in the data identified by the query or changes in the topology of the network.
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least one of the plurality of processors within the dynamic distributed device network. In some
example embodiments, the query manager 245 may receive one or more data signatures from an
25  information store accessible by the apparatus 200, such as an information store implemented on

memory device 210.

The data signatures located by the query manager 245 may be irreducible polynomial
expressions. The data signatures may have been generated by transforming or reducing the data
30  ofpartial data closures into irreducible polynomial expressions via, for example, cyclotomic
polynomial extensions. The query manager 245 may also be configured to combine at least two
data signatures (e.g., a first data signature and a second data signature) to generate a deductive
data signature. The deductive data signature may be a representation of a full data closure. The
query manager 245 may be further configured to combine data signatures that are orthogonal to

35  each other (e.g., a first data signature that is orthogonal to a second data signature). In various
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computer program product including program code instructions. In this regard, the program

25  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
(e.g., processor 205, memory device 210) to produce a machine which, in turn, includes means

30  for implementing the functions specified in the flowcharts’ block(s), step(s), or operation(s). 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 instructions stored in the computer-readable
storage medium produce an article of manufacture which also provides means which implement

35  the function specified in the flowcharts’ block(s), step(s), or operation(s). The program code

instructions may also be loaded onto a computer, processor, or other programmable apparatus to



FIG 1 and/or the operations of FIG 3 by perform ng hardware inplenented
| ogi cal functions, executing stored instructions, or executing algorithns
for perfowoi2op/esssh of the operations. Alternatively, amrcesaupdesoagpar atus
may conprise neans for perform ng each of the operations of the flowharts.
In this regard, according to an exanpl e enbodi nent, exanples of neans for
performng the operations of FIG 1 and/or the operations of FIG 3

i nclude, for exanple, the processorl7205 such as the processor executing an
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25 1nc1ude storing the data signature in an information store within a dynamic distributed device

network. At 330, the example method may begin again at 300 or subsequent to 300, such as at
320, so as to re-synthesize or update the data signature based on, for example, changes in the

data or changes in the topology of the network.

30  Aspartofa query procedure to retricve a data set, the example method of FIG. 3, according to
some example embodiments, also includes receiving a second query at 340 and generating a
target signature based on the query at 350. At 360, the example method includes locating at least
a first data signature and a second data signature based on the target signature. In this regard, the
first and second data signatures may be irreducible polynomial expressions. The irreducible

35  polynomial expressions may have been generated by synthesizing respective partial data

closures. For example, in some example embodiments, the partial data closures are synthesized



or steps, or conbinations of special purpose hardware and program code
instructions. FIG 3 depicts a flowhart describing an exanple nethod for
det er m niwg 20av@esEognat ures in a dynamic distributed devceaimesvgorie.

Accordi ng, to various exanpl e enbodi ments, the operations of FIG 3 are
performed by the processor 205, which is specifically configured to perform
the operations of FIG 3. At 300, the exanple nethod includes receiving a
first query and, at 310, generatind8a Iocal partial closure of data

identified the first query. At 320, nturerra be synt esrzed
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re- syntdheesnlzdlsmblmqﬁbtkbfe:emhwoaﬂata si gnature based on, for exanple, changes
in the data or changes in the topol ogy of t he network As part of a query
procedure to retrieve a data set, t npl e method,.of FIG 3, according
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The i rg@esi bl e pol ynom al expressions may have been generated by

synt hesi zi ng respective partial data closures. For exanple, in sone exanple
enbodi ments, the partial data closures are synthesizedvia cyclotomc
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combi ni n first data signature with a secon ata signature o generate a
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functions may be provided by alternative embodiments without departing from the scope of the
appended claims. In this regard, for example, different combinations of elements and/or

25  functions other than those explicitly described above are also contemplated as may be set forth in
some of the appended claims. Although specific terms are employed herein, they are used in a

generic and descriptive sense only and not for purposes of limitation.



representation of a full data closure. In this regard, in sone exanple
enbodi nents, the nethod further includes transform ng the deductive data

si gnat ur ewonvm/@ei7al | data closure at 380 to satisfy a qu@myo0dbsoys2

nodi fications and ot her enbodi nents of the inventions set forth herein wll
come to mind to one skilled in the art to which these inventions pertain
havi ng the benefit of the teachings presented in the foregoing descriptions
and the associ ated drawi ngs. Therefl8re, it is to be understood that the

i nventi n e limted to the specific enbodi nents di scl osed and
t hat nﬁ@ﬁgﬂgggﬂdﬁ§ﬂéﬁggother enbodi nents are intended to be included wthin
the scope of the appended clainms. Mreover, although the foregoing
descriptions and i i i nbodi nents in

t he contextﬁbf_cé%?gPﬁﬁéggﬂgﬁgg%géﬁﬁkﬁ |6%§%%#e§§5ﬁéﬁlsk§ﬁ§/or functions,

it shoul d b&cabpredestated: t hat di fferent conbinations of el ements and/ or

fﬁngtions ¥ncdbRe RIARYI (hethl RYbsalelof tHRalatMaeRITRABY MR YiSt ekyhout departing from
t he scope O

the. appended clains. . I n thi eqgar for. exampl e, different
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descr i hedivaibbvearomiall cxpresoon, enpthatdets sematmaybdieg sdtogboal thranwtsdare of the
@ppend§%n%hﬁk nmé&&ﬁ@ﬂggn§Q%ﬁhﬁlao&EFHEn@Te enpl oyed herein, they are used

in a generic and descript]ve sense only and not. for purposes of,

li mitation. WexTe fer toragqpishe data signatdredp aa ifermation mgrg Withig 24YpBicessor, the
pr 00 es sierimanf deglee @ctwiook. receive a first query; generate a local partial
closure of the data identified by the first query; synthesize a data
signature of the |ocal partial closure, the data signature being an

i rreduci bl e2pol yrdwiapbaratepeedaimoh wheradn theerarassar sonfigatadrie syshasige dha datigonal

to remiBawlalifclfi@NRINd BafigROEIAYRHSiF oMt IATRIRaBRiA &clbARYWoBMonAdld
provi de Tor. storage of the data Signature in an information store within a
dynani EXGPYeH but ed devi ce network. 2. The apparatus of claim 1, wherein

t héSprocessor configured to synthesize the data signature includes being

configured o sy i t t I 2. ! L ypom al
extensions.%B. Tﬁéggﬁ%gﬁﬁfggkgﬁ12?2?%?@?8&%8%%@H§?ﬁ%gﬁgg%ﬁggﬁﬁy?% further
conf i gaYEhesizs thedainsipeadirs dn fonpongatochangasan theglataidensifisd Ry ehetfystcisiges in t he
data identified by the first query. 4. The apparatus of claim1l, wherein

t he processqr isTLurther C

¢ apparatus o r(‘:[alng"if \?vﬂertelcr)l: the processor is further configured to:
20 receive a second query;
generate a target signature based on the second query;
locate at least a first data signature and a second data signature based on the target
signature, the first data signature being orthogonal to the second data signature; and
combine the first data signature with the second data signature to generate a deductive

25  data signature, the deductive data signature being a representation of a full data closure.

5. The apparatus of claim 4, wherein the processor is further configured to transform

the deductive data signature into a full data closure to satisfy the query.

30 6. The apparatus of claim 4, wherein the processor configured to locate the first data
signature and the second data signature includes being configured to receive the first data

signature from one of a plurality of processors within a dynamic distributed device network.

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.



receive a second query; generate a target signature based on the second
query; locate at least a first data signature and a second data signature
based on wbeotoarrget signature, the first data signatureprbgimgoneiohagonal to
t he second data signature; and conbine the first data signature with the
second data signature to generate a deductive data signature, the deductive
data signature being a representation of a full data closure. 5. The
apparatus of claim4, wherein the pfocessor is further configured to
transformthe deductive data signature into a full data closure to satisfy
the query. 6. The apparatus of claim4, wherein the processor configured to
| ocat e the i rst THagy@asitgndicluire lawtertinghs gparuiusdtanprisesgnadbitegeinnaodludes
bei ng configured to receive the first data signature fromone of a
plurality of processors within a dynam c distributed device network. 7. The
appar atus of- cl aArﬁonnplutWpmram,Bwéwts@pwgrlan&éhlﬁ%syO@Femnﬁ@tertrﬁaéiahlém%gedev| ce

St 0B NgnclRPHAEHg é)@@ﬂ@l&lk €orl ﬁgxr@aam;ﬁogﬂaﬁidousiﬂsﬁﬁamg@t@ﬁeﬁltﬂér@mtmet he
processor fPr gq) ﬁ7 qpesso%. The apparatus of claim1,
Wher of ROPRUCEsAdibls Qg@aﬁcpo Bugliaps BRIt nal © 9. A conput er pr ogr am

product conprceskRdirgtquerast one conput er -r eadabl e storage medi um havi ng

execut abl e ot siochAadal gwe%gf&ma%qqéqtffﬁaﬁog% et or ed therein, the

conput er - r eadapl e ram code_instructions co receive a first
query; gene?}é‘tﬂé@sgze%ﬁé signaturg af the ogaluegiabelopye, taagaaﬁla@%fmefhew By the first
queoy; uﬁc}dillbfbﬁﬁpcﬂﬁloanﬁil&txpresslgﬂ ahditte dafa sighatur©bdhg ptidgbadl t€tedsids data t he dat a
S|gnature belngmﬂa redUC|f nB@can”‘al expression, and the data

atures om 1¢ SUure,
si gnat Ur ety ona gaf st signatures generated fromrenote

partial cl o@mvgb foaﬁ@ragfr @ﬁﬁh@léatﬁ @ugnasrtl@rlag@lrtf@rmawéna@tqawghlgﬁait\/mtrelq n an

i nf or Mtk it St RVt @ dynam ¢ di stributed device network. 10. The
conput er program product of claim9, wherein the conputer-readabl e program
code instructions configured to synthesize the data signature include being
combi gured t0. syﬁmhesmpewth@gdmimndmgnﬁﬂume9mmaxﬂydknmﬁmhmppmHWﬁawia

ext ensg%gf%% é&%el 1I§1ﬁ1cﬁ8£§36&1ﬁ% JE&RQJ eBEé’fﬂ‘é‘&Eta%f urt Hh%de B@ﬁﬁ%&!n

corrput CQI’O ram c Instructions 1Is ure
r e- synthagihesize His datsagnafuga sie gy dofomie palpeeaial ?éte’é%&ﬁges in the data
identified by the first query.

11.  The computer program product of claim 9, wherein the computer-readable
20  program code instructions is further configured to re-synthesize the data signature in response to

changes in the data identified by the first query.

12.  The computer program product of claim 9, wherein the computer-readable
program code instructions are further configured to:
25 receive a second query;
generate a target signature based on the second query;
locate at least a first data signature and a second data signature based on the target
signature, the first data signature being orthogonal to the second data signature; and
combine the first data signature with the second data signature to generate a deductive

30  data signature, the deductive data signature being a representation of a full data closure.

13.  The computer program product of claim 12, wherein the computer-readable
program code instructions are further configured to transform the deductive data signature into a
full data closure to satisfy the query.
35
14. A method comprising:



12. The conputer program product of claim9, wherein the conputer-readable
program code instructions are further configured to: receive a second
query; geweraiom7ssvar get signature based on the second guenyiood/seaize at

| east a first data signature and a second data signature based on the
target signature, the first data signature being orthogonal to the second
data signature; and conbine the first data signature with the second data
signature to generate a deductive @ata signature, the deductive data
signature bei ng.ar resentation of a full data closure. 13. The conputer
progr am pr ofFEY IS WPLIYSYi2, wherein the conputer-readabl e program code

i NSt ruct i ongemr&iriglarld dad parcieinflosgur &dhd datd idensficiim thhérsdqalrgt | ve dat a
signature I Q);n(?he%izfi%gL/ia%%gceggoqsau&a% §igna§ﬁg Iof{}% I&QF 'ﬂ'HﬁrchsuI]eA'the%age t hod
conprising:recerving a first query; generating a chal partial cl osure of
t he das@npyerheing adrpduciiie pelyperpiaberdrgpsiosyandilessdarq gnaturp heiag prtbegosslde, a
dat g sir@hatdh@ shatule gbegakd RBfttAbteGafBUEBsurtd@nglat a si gnature being an

i rreduci bl e i i dat a si gnat ur or t hogonal

ol ynom al expr.ession, and the. . bein
to remote dBIy digibstigres Ph R G s rro I P AR E IRt M Binge e ang
provi didmgrifuted Btvecagevoof. t he data signature in an infornmation store within
a dynam c distributed device network. 15. The method of claim 14, wherein

synt hesi zi ng_the data signature includes synthesizing.the data signature
via cycl ot ogrﬁc pdihgmesthod of laina 4 wharein pgnthasiangthelad sgmagraingludes f urt her
conpr i symBesiAnshpdbasigahing: ibeydabaicspolyitiblecitéthsiodsponse to changes in the
data identified by the first query. 17. The nethod of claim 14 further
conprising: receiving a second query; generating a target signature based
on the seconfl. quéhgmethodaf ¢lagn &t furdaseonzprisingse-spithesizigihadate sigandrainsecond

data Sir&?@ﬁéért@c}%?@sqn% dheidtaimatoyShOnAt Yicgy. the first data signature
bei ng orthogonal tTo the second data signature; and conbining the first data

signature with the second data signature to generate a deductive data
si ghat ure, tihe d&desiihee oflelhian $4 Gthttcenidingg a representati on of a full

data cl osureg iﬁ% T of claim 17 further conprising transformng
the deductive. a.tgaa Jégorﬂ?(}‘uggg
generating a target signature based on the second query;

locating at least a first data signature and a second data signature based on the target
signature, the first data signature being orthogonal to the second data signature; and
20 combining the first data signature with the second data signature to generate a deductive

data signature, the deductive data signature being a representation of a full data closure.

18.  The method of claim 17 further comprising transforming the deductive data
signature into a full data closure to satisfy the query.
25
19.  An apparatus comprising:
means for receiving a first query;
means for generating a local partial closure of the data identified by the first query;
means for synthesizing a data signature of the local partial closure, the data signature
30  being an irreducible polynomial expression, and the data signature being orthogonal to remote
data signatures generated from remote partial closures; and
means for providing for storage of the data signature in an information store within a

dynamic distributed device network.

35 20.  The apparatus of claim 19, further comprising:

means for receiving a second query;



signature into a full data closure to satisfy the query. 19. An apparatus
conprising: neans for receiving a first query; neans for generating a | ocal
partial olvourom7ed7ot he data identified by the first quergr/rmanesoisr

synt hesi zing a data signature of the local partial closure, the data
signature being an irreduci ble polynom al expression, and the data
signature being orthogonal to renote data signatures generated fromrenote
partial closures; and neans for pr@iding for storage of the data signature
in an informatiofn store within a d%/n m c distributed device network. 20.
The appar at T§*FOEBHICHITS 2 1§1gFisHER UE%]P?ﬁF‘ii%I? seopRdUe¥or receiving a second
quer y; nmeans nfeois fgeheataig andeast 4 asgditta Sggnat unea kased daasighauedasnicbngher v,
nmeans I ' it ' ' - n ata
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signature, the deductive data signature being a representation of a full
data clostiFe.
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