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METHOD AND APPARATUS FOR DI STRI BUTI NG ASSI GNVENTS

FI ELD AND BACKGROUND OF THE | NVENTI ON The present
wOonvmgios rel ates to distributed resource al | eCaIL®NG/000074
and, nore particularly, to a nethod and apparatus for
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conput er sci ence frang ,M%eneral |y applicable to
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di stribute a certain anmount of assignnments anong a
gi ven set of agents during a given tine. This
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subs e constraints. This is typi y perforne
deliver thefdhandige dm adbigectumber fofimestimtioanwhile aptifyng £ variety of
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constraint optimzation problem o
problems known as constraint optimization problems, which is formally defined over a
set of variables and a set of constraints where a variable may draw its value from a
predefined domain. The mathematical problem involves the assignment of a value to
each variable while satisfying at least a subset of the constraints. This is typically
performed by defining an objective function and searching for a plurality of values to
the variables such as to minimize or maximize the objective function. Several
techniques are known for obtaining a solution to a constraint optimization problem.
Representative examples include, without limitation complete or local search methods,
and evolutionary computation.

However, there are still many distributed resource allocation problems which

cannot be satisfactorily resolved by conventional computation techniques.
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targets a
imaged at any glven moment depends on previously imaged targets and/or future

imaging opportunities. 'When both the plurality of sensor directions and the
interdependencies are taken into account, fulfilling all the request parameters (e.g.,,
deadline for taking the image) and working around external constraints become highly
challenging.

Several attempts have been made to obtain a near-optimal solution to the
problem of earth observation satellite management. These attempts generally include
the use of incomplete optimization algorithms utilizing heuristics and simplifying

assumptions on the original problem.



I magi ng opportunities. Wien both the plurality of
sensor directions and the interdependencies are taken

Wwo pios/oswedunt , fulfilling all the request par aP€L/Er2006/000074
(e.g.,, deadline for taking the inage) and worKking
around external constraint$§ becone highly chall enging.

SevEral Paditt eapilisatiay &Ndoe 0040198330 tebisa¢athaslice of the total
lutjon to the problemof earth

tmEGRE; Gt MOHS B PR Aeig@easrpaindes of dheproessst Jhus, out of
the @8AR' B b¥/pdsBiblcidfed BEmY %%eﬁﬁe,'oﬂﬁpﬂﬁn' &lb&et9! ;ﬁTb&%Eédo 1 state
Cs "an fying

algorithns utilizing heuristi sinplifyi
in the sxarpined tisefamemdor saguerale qfrstitéseim tinGraniest that have already
becR Iica&i on No., 20040158832 treats each slice of the
eef}o?%lflmtel mefrane as a woul d-be starting point for the

r eniedriglee epbl. MEcl AeaRStre AN Serpdt ohillife ik Mﬁna;gl%isnent

of possible states of the satellite, only two subs

of g} dgsthoPbseuations Saellites Camppsoaxafmi@E Bplver rite Redicaied
AR b ChBteh? SR APRRLRY  TRK PR o

Usévier¥aeting, eParfsDalraycdynenye rrﬁimfnumiel ahe Efittthw EOMDed' tib;ﬁt E&’c@llite
Satellite: Conpariso f 1LOG, Sal ver, t i cate

schifi5E; EHHT oo vl JBMeo fORTERT. Salisfaftipde i gpblom  (VCSP).
Y b O e i,onal ' :

SRS ol A 08 o BB

imageg & b¢ rcaptursdpdulsetnef pomotshiemand aamathemetical ombitatiah readcture

o BB A S LA Wb RSP o

its bR fctiBg eApioxieate AphbBH o iR BRI WWeRd ThiAhdasuand IROG
mat hemat i cal val uation structure defined to assign a

Solyg ™ sememarotad solbwats a8 aspecislV @SR Hbring t he i nportance
on L.ve Fd: at. s i . iate .salutions,.
to e(t}ﬁie}y pe?og{') etﬁ]ﬁv\}glﬁehé b{}gﬁre g%lljasrléﬁ gre ?E(]g@ §6’fi v gthf’{nﬁf Sehies,
"Bonnding rthée ptinirh vl €omsndind GesizationVSHBldnhdd! @eyt Skolday ed.:
.et ah LdSI n.de Gyry, Gerard Verfaillie and Thomas
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Lacgirvgrb IJ(?l\r/In and Bataille N, "Selecting and scheduling observations of agile
satellites, Aerospace Science and Technology 2002, 6:367-381; and Wolfe W J and
Sorensen S, "Three Scheduling Algorithms Applied to the Earth Observing Systems
Domain", INFORMS Journal on Management Science, 2000. 46(1).

The solutions provided by prior art techniques are far from being satisfactory.
For example, prior art techniques, although defining a set of constrains in their
mathematical formulation, practically compromise on the number of constraints for
each satellite, thereby fail to provide an adequate solution to the problem.

There is thus a widely recognized need for, and it would be highly
advantageous fo have a method and apparatus for distributing sets of assignments to a

plurality of agents, devoid the above limitations.
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a location, a size, an envelope shape, a resolutlon and a priority. According to still

further features in the described preferred embodiments the image is characterized by
an acquisition type (e.g., mono acquisition, stereo acquisition).

According to another aspect of the present invention there is provided a
method of assigning sets of assignments to at least one setellite. The method
comprising, for each satellite: determining a trajectory of the satellite; constructing a
graph having a plurality of vertices and a plurality of edges, wherein each vertex
represents an assignment performable by the satellite while being located at a location

along the trajectory, and each edge connects two vertices, hence represents a
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Accordting to still further features in the described preferred embodiments the
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method further comprising defining at least one collection of assignments having at
least two assignments, the at least two assignments being performable by the agent
while being at a single state of the plurality of states.

According to still further features in the described preferred embodiments the
construction of the graph comprises generating a vertex for each collection of the at

least one collection of assignments.
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or rejecting an additional vertex and an additional edge to the query-path, thereby

dynamically updating the set of query-paths.

According to still further features in the described preferred embodiments the
method further comprises iteratively repeating the dynamical update of the set of
query-paths.

According to still further features in the described preferred embodiments the
obtaining the path comprises selecting a query-path having a substantial optimal
objective function.

According to still further features in the described preferred embodiments the
method further comprises issuing a report having a list of query-paths and
corresponding objective functions.

According to still further features in the described preferred embodiments the

storing of set of query-paths comprises constructing a square matrix having a first
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method further comprises repeating steps (a) and (b) using a different rejection
criterion.

According to still further features in the described preferred embodiments the
method further comprises repeating the steps (a) and (b) a plurality of times, each time
using a different rejection criterion.

According to still further features in the described preferred embodiments the
determining the relative weight comprises calculating a loss in a total objective
function, the loss corresponding to exclusion of the set containing the assignment from
the other sets containing the assignment.

According to still further features in the described preferred embodiments the

calculating the loss comprises, summing objective functions over the other sets
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providing.,a second sum and subtracting the second sum
compyigipgi Rdiagoiary detgigninator, for determining, for each satellite, a trajectory

of the satellite; a graph constructor, for constructing a graph having a plurality of

vertices and a plurality of edges, wherein each vertex represents an assignment
performable by the satellite while being located at a location along the trajectory, and
each edge connects two vertices, hence represents a propagation of the satellite
between two locations along the trajectory. The apparatus further comprises a weight
assigner, for assigning a predetermined weight for each vertex of the plurality of
vertices; and a path optimizer, supplemented by a longest-path algorithm and
configured to obtain a path over the graph, the path having a plurality of connected
vertices and being characterized by a substantial optimal objective function defined

using respective weights of the plurality of connected vertices.



According to still further features in the described
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by a plurality of objective functions, each set of the plurality of sets being associated

with an agent and defined by at least one assignment performable by the agent, the
apparatus comprising: a shared assignments identifier, for identifying shared
assignments, the shared assignments being identified as elements of more than one set;
a relative weight determinator for using a respective portion of the plurality of
objective functions to determine a relative weight of each set containing a shared

assignment as compared to an overall weight of other sets containing the shared



vertices and being characterized by a substanti al

opti mal objective function defined using respective
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stochastic process is selected from the group consisting of simulated annealing, tabu

search, genetic algorithm, stochastic neural network process and any combination
thereof.

According to still further features in the described preferred embodiments the
at least one global optimization process comprises a deterministic process.

According to still further features in the described preferred embodiments the
deterministic process is selected from the group consisting of a deterministic neural

network process and a gradient search process.
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each assignment, a time window at which the assignment is performable by the
satellite.

According to still further features in the described preferred embodiments the
assignment managing apparatus further comprises a discretizer, for discretizing each
time window thereby obtaining a plurality of time instants, respectively corresponding
to a plurality of locations of the satellite along the trajectory.

According to still further features in the described preferred embodiments the

graph constructor is configured to define additional vertices of the graph in a manner



stochastic process is selected fromthe group
consi sting of sinulated annealing, tabu search,
wW@ewes®oxnl gorithm stochastic neural network PCDU2966/000074
and any conbi nation thereof. According to still
further features in the de®cribed preferred
sucle tHao dichBritex b thegiraghaapiesann @ diffe@b@ coaination af tiow instant and
. process conprises a determnistic process. According
OrleP@t@PiO?FhefS@r IHer features in the described preferred
emRAlIRAL So L fERleR HHNES I HeRIOGARR frfefitd 8RbEMIn{chAMhe
the group consisting of a determnisti'c neural network
assignmertsmazpingmappacedisefurtherecmuirisps o geaph. 1educonglivmity fooreducing
s%h further features in the described preferred
a sig P #E&R's the apparatus further conprises, an
as sh gidrdigg Y istill frafther Tedter8s NOHR EeSérilRld @Refhod BBIbbSIndEs the
each agen%,, thereby to associate the set with the . )
assigyeant mARRERE PPRRratas Sirther cgmprises Anf@rRYivaE fop optputiing a list
c t e assigning unit
qugg%éétg%%%&%%g%%@%gﬁ%ﬁ& or ?io{éé?vvei ght assiggner and
a patdordipgitoisdB furties featardel & tidedeaciiled frefeaied @bdodiments the
According to an ditiopal, aspect of the present
Erapiy GaHERBNEH e PP ﬁfﬂ#ﬁ%@g&? EaptemeipdiotiaRagrGgure selected
ysl.e h heRS: i t j
fo e Y AR il R eI, (DRSS cdge
elithipatéén.one satellite, and a conmuni cation unit, for

transmtti . signments _to.th t | gast one..

s ot Brgtriibe ] sl e HEER a2 s AR APSimeys me
graPi e8@difg i is TAFaAS IFOMIRRingR Beiet RPP@adiuls: inequality
conprises: a trajectory determnator, for determning,
redpgsioneeadihe ifesiqriedse eliminpigreiatanriieragivetipdiat el i te; a

gr aph t Chl '

o1 e e gp Gl thrtacrJeaRR T TCALPi A pREIGd toRtindhs the
patW@@?ﬁiiibr g:i@ﬁfpgi&éﬂ tljleefuet)t%pz:itlh_Simitt1\3;\>Ilr1 @leﬁﬁi&g!@dmlﬁrﬁng a Set of query-
erformahl e by the satellite while being | ocate a
pathy @ROPISSHRS BRGteH éal?‘ﬁé‘]%@tf gripulatipg fgla%%g@aafa-%lﬁ Hgﬁ%ﬁ of
0 vert . ol ' t :
uck Bl ] %ot Gich M hijalng HEL bF BinapllBGSupdating he

set bbqadri-pathsalsimgght bigettivajfectiony. The assi gnnent

manggi nq. appar.atus. further .c I se I ght .

e EHER e B o o i STb RS CR g mtpogiments the
queRRpBthY Bhft QomAREs A Rtk BRistriibefr for SétRBr@Riat £ dqbdte amatrix

| ongest -path al gorithm and configured to obtain a path

having e fitse ingexpind & wecondtindeva\siely that siack Sreupyobfon-zero matrix

e vertices bej r '
BN TR R e -
path &% peaidey,etheejueit mutlo tndifke op begiahihg it afvettexbemdabeled by the

vertices. .
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According to still further features in the described preferred embodiments each
non-zero matrix element of the square matrix represents a weight assigned to a vertex
labeled by a value of the second index.

The present invention successfully addresses the shortcomings of the presently
known configurations by providing a method and apparatus for distributing sets of

assignments to a plurality of agents, which enjoy properties far exceeding prior art.
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the accompanying drawings. With specific reference now to the drawings in detail, it

is stressed that the particulars shown are by way of example and for purposes of
illustrative discussion of the preferred embodiments of the present invention only, and
are presented in the cause of providing what is believed to be the most useful and
readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show structural details of the invention
in more detail than is necessary for a fundamental understanding of the invention, the
description taken with the drawings making apparent to those skilled in the art how the
several forms of the invention may be embodied in practice.

In the drawings:



query-paths, an objective function; and an updati ng

unit, for dynam cally updating the set of query-paths
wa@igioagstobe obj ective function. According to stPCT/I1L2006/000074

further features in the described preferred

enbodi nents the query-pathlanit conprises a matrix

CONEI. Uck @ floviehartcifiti UEta methad 98 dMighifBidtd ¥f ARMnREnR to
first index and a second i ndex, _ such that each group

at legst oRsASFRL 8oGRETIPE o & PEiRsrrdssttodinaent of heducssyt versinnpn
val 14 Ofa dchEmbhidaaly HI0GEKCO LRRNOBA DL AcAUREEAR: B
vertices, the query-path ending or béeginning at a
pluredity ©X sbbiasgigirabies,eatchydinghéo aopmefenreda¢mbodimenthef ther ptesent
I ndex. According to still further features in the
2t i bed preferred enbodi nents each non-zero matri x

el epRRt -c tiRBeBANRANIS TRERAY ASREESRNLE AsPBMERA collections,
assigned to a vertex | abel ed by a value of the second

accpyfdiescto amyefeped sebpdimeneaf the presedeesstion) y addr esses
th okt cQmin . n nown, confi gur ations.
oo o8 @At RESRETDL X, KSR LAY 4
proé&iuse, atcordin anaprefsrddensbddinéndlof the @éseag@fionghi ch
enj oy properties far exceeding prior art.Unless
ot hEXGR decdet srhematig ijlustraiiompica infter sdgeesliminpiion progedure,

rej ' .comonl y

S R A

whi ElG. thiis ai fhavecttartodiapeiho of $. loAktstpathhalgetithed sacamding to a

t ri@ . sinit r or equivalent to those described

preﬁa&e it 83%“66‘@0. @ﬁ@r‘?sﬁr‘“t REMYPRCt i ce or test | ng of the

Pr eBRNtS isAVBALAIRAR, dissthinddl LmEBbl 0FDpARE AL YTt @F'sBts of

descri bed below. In Case of conflictl, the patent
assigpaietsi acgoiding tojvasbusitxsgplras iembofioremts afithe inyemtianol . | n

addit4d on,. t he Fiahs thods, .and ex | es. are

T P e SR, Bt e, it PR T R ses of
assignipleBiRBeo blcasiione fagb e adtet i taf Brefotsddedmiditbe MBS Bdsent
. invention involves performng or conpleting sel ected
Ve or steps manual |y, autonmtically, or a

coO i t.' i +ACIT. .

conmichah e gAY PR 10 BEAENIPh i
of sefs aflassigretdnds aectalding 3¢ emmiok ekéraplpryesrindimeme bf thernvention;

sev. l, .sel ected. steps .coul.d bhe. i nplenented b )

nar Elh S GRS AHREOR AT &SRR ERIERE Sery peemdiaggo o
preferiedMbBdiRienPo LGB DrdBAH iRVentiBRr €of . For exanple, as

har dware, sel ected steps of the invention could be

i mpil&m@nis egckamaticalgiragion af en preaiaf inteeestof & sierudgted problem,
t of the invention coul e i npl enent ed
to vZ@:lgﬁ%&xg?ﬂz?cf &?lch% prege %t%‘ff’ iments was app 1eclP,
FIG. 10 shows four graphs obtained for four different trajectories of Figure 9,

inv

according to a preferred embodiment of the present invention;

FIG. 11 shows the four graphs of Figure 10 after an iterative reduction of each
graph, using triangular inequality reduction and inferior edge elimination according to
a preferred embodiment of the present invention;

FIG. 12 is a dynamic programming tree showing query-paths of the four
graphs of Figures 10-11, during execution of preferred embodiments of the present

invention;
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Invet%on; . . . . .
efore &éxplaining at least one embodiment of the invention in detail, it is to be

understood that the invention is not limited in its application to the details of
construction and the arrangement of the components set forth in the following
description or illustrated in the drawings. The invention is capable of other
embodiments or of being practiced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed herein is for the purpose
of description and should not be regarded as limiting.

According to one aspect of the present invention there is provided a method of
assigning sets of assignments to at least one agent capable of assuming a plurality of
states. The method can be tangibly embodied by a machine-readable memory having
a program of instructions executable by the machine for executing the method. The

agent is preferably a moving agent, such as, but not limited to, an orbiting satellite, an
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shape, resolution and/or quality of the image, the priority and the like. Additionally,

the assignment can be characterized by the required type of acquisition (e.g., mono,
stereo). Another parameter or set of parameters Which is preferably used for
characterizing the assignment represents the importance and/or urgency of the
assignment. This parameter is referred to hereinafter as the weight of the assignment.
According to a preferred embodiment of the present invention, the states are
defined in accordance with the nature of the assignments which are to be assigned to
the agent. In particular, states which are not relevant to the nature of the assignments
are preferably not used. Such not used states may include, without limitation: (i) states
which inhibit the agent from performing assignments, e.g., a location at which the
agent can not perform any assignment; and (ii) states which have no or week
correlation with the assignment's nature, e.g., an operation mode which does not

interfere with the assignment.
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a program of instructions executable by the nachi ne
folfoyving Weswipting arhie thetfhotphartied Bigeist | i appastielameider can be
ToVi.n , Ui . e
cx TR P80y UETGRS = B LGy Rl

vehikhes, tHd@etgd Hegiin it alep d0badaoptivadily gnd prederbblgatintinues
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O TR, B, SERSELBEN i
thebegeun de tist msigntieats, imhelings vathoetlimithéoretive, transathsing rotgtion
and the like. Preferably, uniform time-discretization is employed, whereby the time
axis is divided into equally-spaced time instants. Alternatively, the time discretization
can be performed in accordance with a predetermined distribution function. Also
contemplated are: location discretization, orientation discretization and the like.
Generally, the discretization scheme and the discretized quantities are selected so as to
minimize execution time, computation load and/or memory usage, during the
execution of the method.

According to a preferred embodiment of the present invention the method

continue to process step 14 in which, for each of the assignments, the method

determines the states in which the assignment can be performed by the agent. For
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i SRR AL Rl 20109, 1903 bl e st
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' ?\Sglggrrr]lglgts %V ?crl]l caa% bte%erformed while the agent is in more than one state
are preferably collected into collections of assignments in a manner such that each
collection corresponds to a suitable state for performing all the assignments in the
collection. This embodiment is exemplified in Figures 2b-c showing a collection 80
of four assignments designated by numerals 81, 82, 83 and 84. The members of the
collection can be, for example, neighboring or overlapping targets to be imaged. It is

to be understood that there can be more than one collection and each collection can

have any number of assignments. A collection of assignments is preferably treated by



allow their processing at finite conputation tine.
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each such collection. Preferably but not obligatorily, parent assignments are not
represented by vertices, because such assignments, as stated, can not be performed
while the agent is in a single state.

According to a preferred embodiment of the present invention the graph further
comprises a plurality of edges, preferably directed edges, where each edge connects
two vertices, hence represents a transition between two states of the agent. For
example, an edge connecting two vertices corresponding to two different locations
represents propagation of the agent between the two locations. According to various

exemplary embodiments of the present invention, the edges connect all the vertices



According to a preferred enbodi nent of the present
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determ nes the states in which the assignnent can be
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the vertex can quantify one or more constraints, such as, but not limited to, the

difficulty to perform the respective assignment (e.g., due to meteorological
conditions), the remaining opportunities to perform the assignment or the expected
successes of the assignment (e.g., expected quality of an image to be captured by the
agent). According to a preferred embodiment of the present invention each vertex
representing a sub-assignment is assigned with the relative weight of the respective
sub-assignment. The relative weight can be, for example, the weight of the parent
assignment divided by the number of sub-assignment to which it was sub-divided

normalized by the sub-assignment portion in the assignment (e.g. area). Each vertex
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In the inferior edge elimination procedure edges that are inferior to other edges

are eliminated. Inferiority is preferably quantified in terms of the accumulated weight
along the path formed by the edges. Figures 3b-c illustrate two configurations on the
graph in which a pair of assignments denoted k and /, are represented by two pairs of
vertices. Specifically, Figure 3b shows edge e; connecting vertices k; and /;, and
Figure 3c shows edge e, connecting vertices k» and I, where vertices k; and
correspond to assignment k and vertices /; and J, correspond to assignment /. Also

shown in Figures 3b-c are groups of incoming and outgoing edges to each of the



each such sub-assignnment, and in cases in which the

set of assignnment was redefined to include collections
wototassioghnents, a different vertex is preferabfTIL2006/000074

generated for each such collection. Preferably but not

obligatorily, parent assigmapents are not represented

ti C c : ' tS,cAsS. Ssgate C :

e B R Uy RSB BSOS Og L B
GiAGs 6irdi agd Gy.ca. phAefvall reedappndsddéedrbp tonefoftdidinpryedahtin the art,

I nvention t gra urt.her co ises a plurality of . .
Grepged STRRLPEP iyl inn WGEE Crpmarav Bad fldlyoRlering i
sudOMBER 1 x 1VRréSdnds &Sa 1Re tibg: hepvasm.s a transition

between two states of the agent. For exanple, an edge

condegeiding tondeviafarios edge stipdrasiondiraepdues Hwdordihef mentime-
t jons..r pr tion .o e ent .

ondepliy GBIV ist ERIRRERE Gl ARPER OB LhbA o 00R N, BEDRE e: i
inferfbiodiedpné;sandfcah be epm@rgesdt. | nventi on, the edges

connect all the.,verticegbetween.which a transition i.s

pos<15PIing 1o, W%%@d?xeewﬁwr%mélmms Aftthemreient dnveRiien the

. g h g .

reiiolioR 8 s iRAathRL BRI, A Sk R R hafh Bic Ri¥bor of the
edges) rmigdfieautly Tedised wWitbis cat be douks $omrexdmpis, by elterinhigng bdtween

t to.perf ass] than. once, .2l
o P B B ARG 308 VPl et BB R afetoreh e
redHiclib@1R08edsicdt 88) reh @181 Minfli SRABNGEt RS me CRlpld Nehitl dan be
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of WSHERIRYr thSothietRe MR GRciti¥ally, the definition of the weights or

the objective function are such that it is desired to maximize the objective function, the

term "substantial optimal objective function" refers to a value of the objective function
which is slightly smaller or equals its maximal value; conversely, when the definition
of the weights or the objective function are such that it is desired to minimize the
objective function, the term "substantial optimal objective function" refers to a value
of the objective function which is slightly larger or equals its minimal value.

As used herein "substantial optimal path" referees to a path of comnected

vertices characterized be a substantial optimal objective function.



the agent. Once the graph is constructed, the nethod
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list or being scored with a lower score.

In another embodiment, step 23 is performed during the iterations of the
longest-path algorithm, such that the accumulated resources test is performed
dynamically while traversing the graph in the search for the longest-path. As will be
appreciated by one ordinarily skilled in the art, the application of the accumulated
resources test during the longest-path algorithm can break the Markovian nature of the
longest-path algorithm.

According to a preferred embodiment of the present invention the report

generated in step 24 is constructed so as to allow distribution of the assignment for



met hod continues to process step 20 in which the graph

is reduced. The process of graph reduction can include
wW@ry6gm@oxt i on procedure known in the art, i ncPamirego6/000074

without limtation triangular inequality reduction and

inferior edge elimnation. oReference is now nade to
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between two vertices. For example, Ry corresponds to vertices £ and j being

connected by an edge. Thus, generally, each group of non-zero matrix elements of,
say, a particular row of R, corresponds to a query-path ending or beginning at a vertex
being labeled by the row's number. The following description is for the case in which
the rows of R represent paths of vertices. One of ordinary skill in the art will
appreciate that an equivalent description can be used for the case in which the columns

of R represent paths.



the triangular inequality reduction and the inferior

edge elimnation. Preferably, the reduction procedures
wae@eogpent ed until there are no nore edges WhPCHII2a6%/000074

be elimnated. Referring agai n to Figure 1, according

to a preferred enmbodi nent 9 the present |nventi on the
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element.

The algorithm proceeds to process step 36 in which, for at least one query-
path, a vertex and an edge are added to the query-path. In the matrix formulation, this
correspond to adding off-diagonal elements to R. According to a preferred
embodiment of the present invention the off-diagonal elements correspond to vertices
which are connected via an outgoing edge to the vertices of Gg. . Denoting the
combined group (Gq and the additional vertices) by Gi, the following construction of R

is obtained:



met hod preferably continuers to process step 24 in

which a report is issued. The report can conprise, for
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In this embodiment, the optimal path is formed of the vertices corresponding to all
not-zero matrix elements of the row pmax, while the objective function corresponding
to the optimal path is the sum of elements of pmax. AS stated, in some embodiments it
may be desired to a path having less than optimal objective function. In these cases,
the maximization function of Equation 4 is replaced by an appropriate function (e.g.,
next-to-maximal, next-to-next-to-maximal, efc.)

Tt was found by the Inventors of the present invention that the algorithm as
described hereon above with references to Equations 1-4, is very efficient.

Specifically, the complexity of the algorithm is of parabolic order or less. As will be
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the assignment characteristics (priority, image resolution, coverage, efc.), stereo pair
acquisition, on board recording and downloading, weather history and weather
forecast, multiple ground stations, maneuverability of agent, cost effectiveness and
the like.

The present embodiments also provide an automation tool to select the
appropriate activity windows of the agents as well as to subdivide the assignments
according to the collection of activity windows.

According to another aspect of the present invention there is provided a
method of optimizing a plurality of sets of assignments. The method can be used for
optimizing sets of assignments, irrespective of the method used for defining the sets or

the source from which the sets where obtained. Preferably, but not obligatorily, the
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and an edge are added to the query-path. In the matrix

asbignmemtatare referrérd to hereinafter as "shared assignments”. Thus, according to

the presently preferred embodiment of the invention the method processes sets
identified as containing shared assignments. For the sake of simplification, the
description below is for a particular shared assignment, denoted a;, which is identified
as being an element of several sets denoted vy, v» efc. The procedure is preferably
repeated for more than one shared assignment, more preferably for all the shared
assignments.

Reference is now made to Figure 5 which is flowchart diagram of the
optimization method, according to various exemplary embodiments of the present
invention.

The method begins at step 90 and continues to process step 92 in which, for
each set vy (j=1, 2...), a relative weight is determined as compared to an overall

weight of other sets containing assignment ;. The relative weight is preferably using
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The method ends at step 102.

As will be appreciated by one of ordinary skill in the art, the exclusion of
shared assignments performed in step 96 using the relative weights, allows the method
to obtain a local optimum of the plurality of sets. The application of the global
optimization process in step 100, can, for example, select the best solution from
several local optima. Broadly speaking, the global optimization process traverses the
space of all sets, varies parameters characterizing the sets and calculates a global score
to the sets for each variation of the parameters.

Many such variations are contemplated. For example, in one preferred
embodiment, the global optimization process calls steps 92, 94, 96 and 98 several
times, each time with a different rejection criterion (e.g., 2 different threshold). In

another preferred embodiment, the- global optimization process switch assignments
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subdividing unit 55 and/or a collection definer, which respectively perform the

aforementioned subdivision and collection operations, see Figures 2a-c and
accompanying description. Apparatus 40 further comprises a weight assigner 44, for
assigning weights for the vertices of the graph, as further detailed hereinabove.
Apparatus 40 further comprises a path optimizer 46 for selecting a substantial
optimal path on the graph. Path optimizer 46 is preferably supplemented by a longest-
path algorithm which can be tangibly embodied by a readable memory having a
program of instructions executable by path optimizer 46 for executing the algorithm.

Path optimizer 46 preferably comprises a query-path unit 52, for defining and storing a
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comprises a summing unit 118 and a subtraction unit 120 for calculating the
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aforementioned objective function loss.  Apparatus 110 further comprises a
conditional excluder 116 for excluding a shared assignment, if a respective relative
weight satisfies the rejection criterion, as further detailed hereinabove.

According to a preferred embodiment of the present invention apparatus 110
comprises a global optimization unit 122 for applying one or more global optimization
processes, as fuehrer detailed hereinabove.

Apparatus 40 and apparatus 110 can be used to optimize any assignment
distribution problem. For example apparatus 40 and apparatus 110 can each

independently be employed in a satellite management system 60.
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EXAMPLES
Reference is now made to the following examples, which together with the

above descriptions illustrate the invention in a non limiting fashion.

EXAMPLE 1
The method of the present embodiments has been successfully applied on a
simulated problem of 30 assignments which were to be distributed among 10 satellites.
Each assignment corresponded to a capture of a single image of a predetermined target
on ground. The overall area-of-interest covered by all the satellites was about

1x1 km?.
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are generally favored over assignments with smaller weights. Thus, the method of the

present embodiments successfully distributes the assignments among the satellites.

EXAMPLE 2
The optimization method of the present embodiments has been successfully
applied on a simulated problem of weekly planning of 3 multiple earth observation
satellites. The satellites pass through the area of interest consisting 600 randomly
spread targets. During the relevant week, the 3 satellites pass through the area of

interest 30 times. Thus, the 600 assignments were classified into 30 sets of



i nfl uenced by stochastic variabl es which are obtained
froma suitabl e random nunbers generator.

wRepeeswns at i ve exanpl es of a stochastic proceBGI/IL2006/000074
include, without limtation, sinulated annealing, tabu
search, genetic algorit hm tochastl c neural network

process or any conbinati c 1
assignenRHORHETE RO REL awiresa%f?saw I&ﬁiﬁffw‘%& O PLAGHEN 6Pa single
Smé%#%s and Jan Karel Lenstra, "Local Search in
dyi natorial Optimzation," (1997) John WIley & Sons.
In the enbodi nent in which the gl obal optimzation
process is determnistic,,,L vari ations of paraneters
and/or traversal in the ég&@édof sets are determ ned

accadi g Weredinfisllyadiaactteized, rﬁnmeebndanmﬂéh vaanuh eagpplary
but not limted to, determni sgﬂ_@ neur@ ED tructing a
err@péuhuemﬁt of dlag EFVeRIRN,t B OPieRiave Hopr8 E‘E‘U Y fpastructing
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a @@E oUeiZth iglibh, af ﬂﬂﬂh@j dexilat hierejmab@es(sw%/thprfb)é@haﬂ diagrams of
Ref erence is now nade to Figure 6, which is a
Figwhehaed &).i | | ustration of an apparatus 40 for
assi El gtsfst }s@ﬁd@§§da§1&€@m thelResdht &x@afle fﬂﬁ&o@g epﬁmlzatwn
accor preferred enbodinent of the_ pr
ofi thy 80t Setsn Dﬂppgloatlmszaﬂgn,ﬂhéﬂ?@?th‘kﬂ WC@’@HBFqutE% o eﬁ%f’p function
ns or 42, r _con [
ai&fénj‘%’r thessety by ﬁtgfa il 8]tya‘fa§’ﬁ ﬂ’e rlgg%e%bgétﬁ Jr??%ﬁ(gcgailbegnlg the

ARG @r¥m o8 Fafie goNSt ruct or 42 conmuni cat es vvlth a
subdi v(ﬁ% ng unligtQl 55 and/or, a c

|
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for t

e i el v bl Bl o
exgdn t ‘g)] 50%[3111‘11 gf 1@% ) opt éﬂlﬂéﬁt §; eupst ant éle'ﬁ'ote@ Phk "@ie paintber of

m zer 46 1's preferablg
cSTHpdeat¥p Bf efgl nb*yieaoﬂes) tgestep@iimbat gbcompnnems) ehScSifOpdenotes a

t ang |b| enbodi ed by a, readapl e i
e el P! S50 S T RO Ysh M Mt s of e
%gct \%r fo'r ne kR Sed! MOLch RB3tIJRadthe REdudbete, %mments are
conprlses a query-path unit 52, for

eMésedlerg)rami storing aset of query-paths. Query-path
unit 52, can conprise, for exanple, a matrix
constructor for constructing the square matrix R, as
rhidhiikekodet ai | ed herei nabove (see, e.g., Equations
“I-4). Pat

h optim zer 46 can further conprises an
lobfaegt Ve #Rinct i on

0%j = SP0; (D)
End loopj
2. =8

3. FLAG =0 {FLAG serves as an ending flag }

;-,()

Process the shared assignments

4. Fori=1tonS {iis a shared assignment index}

a. Forj=1tonV; {j is a trajectory index of the ith assignment}



cal cul ator 54, for calculating the objective

functions, an updating unit 56, for dynamcally
waopaansmgd t he set of query-paths and/or a testPCDIL6000074

for perform ng the accumul ated resources test as

further detail ed herei naboye. According to a preferred

enbodi gent;, ofy-the pr Lnvant | BRRRY; S : _

furtﬂe?fcoVr?prIif’ es a ge?(g%gel}%dﬁg%dn Uni t A@?ﬁéfcé)?lgcuon Vi

reduci ng the size ofargrsigab theeneyv collesiimgintamatrix 7}

af orenmentioned, tri apgul ar inequality reduction and/or

i nf di-i bpSSpTgatel i hreat ¥20 (Fadld an out put unit 50 for

outputting a |ist of(@HRNNERAL NosHAnE YLLLARO AR due to

obj ective functions. Reference is now mac?e to Figure

7, which is a schenatkec ektibsienr af itha dth anmappart afesy the

110 for optimzing a ural |t f sets,of.assignnents,

according to vari ouscozt?%‘i‘ﬁﬂ g’ré“‘gﬁﬁl@&bm‘f?%‘f“& 0SSy

i nvgﬂaq&?.j Apparatus 110 can comunicate with

apparatus 40, in which case, apparatus 40 serves as an
5. agsFdmh@lioanilossh) ch{Zdsthgnsdex of dhe minimgkjogmenanisniley ith

each agent, and apparat Us, 110trse£ve® as an

optimization unit whichooBf PRELe%E assigned sets.

6. At RMAALOYS) ¥ TIBRM@EIDHed 10 can be used for
opt i zi ng sets of aSS|glnmnts from ot her assi gnnment

dias 0f i-bUt+ BE3y st ens{exicfudgdld easehonapip fwnythe tobedipn hend

used for optim zing yser,defin et s of assiagnne .

Appar at us 110 conpri%81‘56tgeg‘f‘l‘grcglgecilgginb%ﬂ%‘ﬁfcéh&tmnq}of}

I demiiati=er 112, for identifying shared assignnents

within the sets. As stated, shared assignnents are

i doetiffi ed as el ements of nore than one set. Apparatus

119, ¢ ri segraor [ i term nat or
7 1 451%%?‘)'2:#&?%1% ng fgfﬁ’;cﬁ\k}iﬁﬂ&‘fﬁaﬁfg?@@? %?er ably,

det e rislat () 114 conpelimigateahsiinoomporient frorhk8bsend} a

subtraction unit 120 for calculating the

affddfent i oned obj ective function |oss. Apparatus 110

f onprises a conditional excluder 116 for

e%lfdngés%g a shared assignnment, if a respective
rel ati ve weight satisfies the rejection criterion, as
det aj | ed herei ngbove. According to a preferred
SHBE RATE( 23SEpILEN E%S—qnventi on apparatus 110
g.campgd ses a gl obal optimzation unit 122 for applying

one or nore global optimzation processes, as fuehrer
9. desSai $ized(Rer ei nabove. Apparatus 40 and apparatus 110
100&};1:!?)@ used to optim ze any assi gnnent

O
&
..... -

11. Unless nS=0 or FLAG=0
Goto3 {repeat the optimization process until the
shared assignments subset is null or there is
no detection of loss which is greater then
THRESHOLD}
12. End
Results
Figure 14 shows a map of the 600 targets, and the 30 satellite trajectories. The

trajectories are shown as horizontal and vertical red lines at different angles.



di stribution problem For exanple apparatus 40 and
apparatus 110 can each independently be enployed in a
W@ at06/08i0be nmanagenment system 60. Ref erence i s nPOT/ME0@/000074
to Figure 8, which is a schematic illustration of a
Sﬁ%eh!lte napaging system s@according to a preferred
e I me t he pr. : fion. : i
conpiErEels afiou SR RERE Hrigr R MES L OUpEAmh. fhach o<t s
(IEBReE 2R ChSRctelQatlenfiariens, Note dws idgriungben of shared gesignments
_apparatus 40) for assigning a set of assignments for
ismembhalagent and, optionally and preferably, an

OPt il £t O, YAl it Adl Bhall @igrairisbyp aseribi
S HIRERL 16 U ey ponasatyplt il natectp i
MR ToSEX) of the 60D RbLatrants, afift 25 Herations. coimilmtesof ggroes

with the satel]jtes. ' . . .
e B T e e
reﬂfé'éghteﬁ%rf PRASE 16a-bN8 ARRINGIRABSY Sep@sdniteionat efhbiet each point

and receives information therefrom More preferapl
desmibes ni mambashipriekation of @ciepRAEEVE ABIFHNGNT § aafgg?eﬁﬁY% Rt A

and .car.respondi ng s s [ i [ .
T8 SSRGS B bARERAS d s a bP o paroasoe) For
exBinbRN bt drdient Moo R5EE ianreldntaminof bet Nt 8B) 14 86 andride agpignment

. _particular satellite is pro Ly | t ed d [ 26k
N G ah eImIBROLFRLN G2 b JAGL L) HEr CQUTTSRIA S PRED if Tigure
16?)at E«%:rl fh%: % %iﬁlifaq{oﬁythg@ 1chE of PSRECH W RSgaBIERt spacerts more
hg_ IS & a53|gnnen?§ recei ved from apparatus 40.
urfﬁ)@khtamlﬂiﬁret: m@m@gadadszgrxf@l%@s and novel features of
e present invention Wi .
o e i B e b R5R By RRY RALIGEGPTR e o
it{rQJiAn‘QW Ae e&gé@iv%sfun\eﬁbﬁ hs ar globel qumitendidined fee iteration by
rmiting. Additionally, each of the variou
asoighing frmreh shlesiimsrbM eage PrBswhiED inrlsrfsdoffonghe set of
el | neat ed. her ei pabove . | ai i
B T e T
ol QRO EXATBMBEdinfeXANRE ESaRebrveegmee. dfivpabarade itegations,

the follow ng exanples, whic ther with t a
thgebisclipe fugation 1s|caaygraedior I S
limting fashion. EXAMPLEI The nethod of the present
enbodi ments has been successfully applied on a

si multais egpfcabidetimbterdin fssirgn ol tesinygntion. Which s, fag clarity,

distributed anong 1 [ . . .
described in the contegt 0 “g’gpta:reeltflz S Sodiments, may also be provided in

combination in a single embodiment. Conversely, various features of the invention,
which are, for brevity, described in the context of a single embodiment, may also be

provided separately or in any suitable subcombination.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad
scope of the appended claims. All publications, patents and patent applications
mentioned in this specification are herein incorporated in their entirety by reference

into the specification, to the same extent as if each individual publication, patent or



Each assi gnnent corresponded to a capture of a single
i mge of a predeterm ned target on ground. The overal
W@ e@aAnsfoes nt erest covered by all the satelliteBCHSR006/000074
about 1x1 lon2.Figure 9 shows the area-of interest of
the sinmul ated problem Shown in Figure 9 are 10
pafeﬁ@dp%ﬁ&éifoh%s(s%eé&ﬁﬁﬁl fﬁd 1Al RaPiHdZamndab be ‘ijt%?ﬁcﬁgte@ Yierein
straight |ines, pre etern1ned target, denoted
by bsgfemnga:, slasadditins, gmzt@noir 1d¢xé1fmatass@”9nwerpf6mﬁ irs thihapplication

st e e oo PR el SHOEr AR SRR g g o

th¢mm&%tmmanﬁmd melghts were distributed randomy over
the area-of-interest. The vertical and horizontal axes
of Figure 9 represent |ongitudinal and transverse
angl es respectively. Figure 10 shows four graphs
obtained for four different trajectories of Figure 9,
after the aforenmentioned steps of tine discretization
and graph construction. Each graph shows all possible
edges between vertices representing | ocations and
orientations along the respective trajectory. Figure
11 shows the four graphs of Figure 10 after an
iterative reduction of each graph, using triangul ar
inequality reduction and inferior edge elimnation.
Vertices for which all incom ng and outgoi ng edges
were elimnated during the reduction are not
di spl ayed. As shown in Figure H 5 the reduction
procedure reduces the size of the graphs by at |east
an order of magnitude. Figure 12 is a dynamc
programm ng tree show ng the query-paths of the four
graphs of Figures 10-8, during execution of the
al gorithm Each query-path is represented as the
target's nunber as a function of the programm ng
stage, where the progranm ng stage represents a single
maneuveri ng sequence between two different targets.
Figure 13 shows the distributions of assignnents
corresponding to each of the 10 trajectories of Figure
9. As shown in Figure 13, assignnents having |arger
wei ghts are generally favored over assignnents with
smal l er weights. Thus, the nethod of the present
enbodi ments successfully distributes the assignnents
anong the satellites. EXAVPLE2



The optim zation nethod of the present enbodi nents has
been successfully applied on a sinulated probl em of
woealdelogogoB anni ng of 3 multiple earth observati 8aT/1L2006/000074
satellites. The satellites pass through the area of
I nterest consisting 600 rangpm y spread targets.
WA TR ! '?ﬁM]ﬁb?S’am week, the 3 satellites pass
through the area of interest 30 tines. Thus, the 600
assi gnmants were classified into 30 sets of assi gnmants
vvherF each s h(f responds to.a single traverse of
traj &ct ory %% 9 Aylemegely of $ssienmenis e ok Sts‘&‘lesag\%tr the at
lehstiohe agdny b6 bZRGumin a%ﬁﬁx‘éhfiﬁd'fcs%té@' EH% q‘é ﬁ(’)cpl:@nprlsmg,
exenpl ary e |nents of t e i nventi on, | ective
for gt saustvizent: cuI ated by constructi ng a gr aph

| ongaart et & BEn iR RTE MR V3G e pbustivyg edees.

eagh apttex @$ shidr plbmiht;d of abrtieek fﬂpr@b a%ome adst@Rndnf Performable by
n Followng is a

aHJs E@gg ranms of Figures 1 a .
whpg ae é‘EIa 1§3Peqtive ﬁFaéf‘s%ﬂﬁal%RlarﬁbltﬁéOE Hates, godleach edge of
ePbhlvhzatd | t t he
SAROPLIMARIrAUERS chilfoiil B8b Vorts P AaRP bR 8l Wi del " hence
repigeeiding ttapsition bettwege kwo statek iofigpid bRirdlun g€ stttegat h

aI gorithm descri bed owchart diagram of Figure
e e tme WD B GRe Vet o PGS pY gpiices;
anslets (satel [ te trajectories in the present exanple);
T denotes a set containing all the possible
aSS|lﬁm%ﬁi@geita?aﬁ’eﬂgomfbﬂbg)rldmgmdg laypadit overaaid graph said path

e il ST0LESD SURSEL a0l olgh P8 Wbp hBotania
optisad ecblfljctdu@etﬁlaptﬁﬁ defigsl ufinghRspcasentei@iaBH Qlid plurality of

cont aj ni the zth assignnent (J e F)); nV denotes the
cogpecte ad(Yﬁﬂgr%‘ér of conponents) of F); nS denotes the si ze

(nurigebPlass NeNdatd o L

Obi ecti v"g afsuglgqglgon % g&e zt%Ps(,gg?‘% ngf“g‘ﬁ‘a@ %greg?%%d tbﬁ’eSald
plyretityrafednnestadevetices hésandbgm;phj ve function for the zth.

set. In each section of the pseudo-code, conments are

encl osed by braces. Initialization Q =SPG (T) End

| oo, The method of claim 1, wherein said agent is a satellite.
3. The method of claim 1, wherein said agent is an aircraft.
4, The method of claim 1, wherein said agent is a reading head floating

over a surface of a memory medium.

5. The method of claim 2, wherein at least a few states of said plurality of

states describe a trajectory of said satellite.

6. The method of claim 2, wherein at least a few states of said plurality of

states correspond to different orientations of said satellite at a first location.



2. =S 3. FLAG = O { FLAG serves as an ending flag }
Process the shared assignnments 4. For i =1 to nS {Us

wa 26dsases assi gnnent i ndex} a. For j = 1 to nFPC{AL1086/@0074
trajectory index of the zth assignnent}i. Vjj =Vj - V
(j ) {exclude theyth con‘ponggnt fromthe collection F/,

=" 1. bR GELLFY Skl 0 bl s o
cafpunebfaxmmh@dfmirét&taxmhdd&lrw of the fth. conponent

fromthe collection Vi, and store the loss in a _rratrix
Lossy} End loop 5. E = Find (Mnj (Lossy) ) {E is the

dex of '
Imr;t ?SIB(X 5 Tflﬂfnilgﬂﬂﬁﬂjdrﬂ(%’l Lc(l)eglgly %h%@l'rh '% Hg?ﬁ é&rbh'é&‘.é’te%&e& Bffat least

one pargiBeter felgeted dom e gmnp@nmmtlrﬁ ¢ff 2 dovatibig <« silzé, et emlope
%r}gi or e the ew col | ectlton in a new collection FO
};43% ST ¢ pGr B PR sofiliy BB ) = 1 then {if FO

consist of only 1 element} SO = SO - S(i) {elimnate

the ith conponent from subset S} End if End | oop i
Rede¥i ne The matkadeal ském ghrfsriber eqmpising sulgividing sigeast one

asst gﬁﬁaeﬁt Ji%he Elural@ o%&smg%eﬁtslgto a lgﬁah%}lf’oA&uB-egmgnments.

10.  The method of claim 9, wherein said constructing said graph comprises

generating a vertex for each sub-assignment of said plurality of sub-assignments.

11.  The method of claim 1, further comprising defining at least one
collection of assignments having at least two assignments, said at least two
assignments being performable by said agent while being at a single state of the

plurality of states.

12. The method of claim 11, wherein said constructing said graph
comprises generating a vertex for each collection of said at least one collection of

assignments.

13, The method of claim 1, further comprising performing an accumulated

resources test.

14. The method of claim 13, wherein said accumulated resources test is

performed subsequently to said use of said longest-path algorithm.

15. The method of claim 13, wherein said accumulated resources test is

performed contemporaneously with said use of said longest-path algorithm.

16.  The method of claim 1, further comprising reducing a size of said graph

prior to said use of said longest-path algorithm.



Go to 3 {repeat the optim zation process until the
shared assignnents subset is null or there is no
waleaeosioon of | oss which is greater then THRESMO/D20062000074
End Results Figure 14 shows a map of the 600 targets,
and the 30 satellite trajegdories. The trajectories
ar e1phowmmasn&inéd 2@Ndialn a8d witfdih Gald FRRiclioN@s @ld graph is
different angles.Figure 15 shows the sets of o
effeptei hnmkdeast ahe eeductien pprceditzatciested fEaHths earoyps consisting of
i lustr . connect ed t h..of gets. Note that
wispadp Al ARG ORISR Rk B Bh0™ 2 Nt o
l6a-b show the initial (Figure 16a) and final (Figure

16ba ascrjbing matrices for 100 of the 600 .
asst §nmehbs mehadept olgim 1l dy Hirthgh sompHEng @g‘%@@t%& betaeg aid
. i i nitia inal s LG . and 50 . .
b SOt RO 8P 0P BRSO e

fashionFi gures 16a-b in assi gnnment-set representations,
where each point describes a nenbership relation of a
respective assignnment to a respective set. As shown in

Fi guse 168e ¥R FIHiANTRMHeRiR 58 FrReEHath ﬂ%oﬂfﬂiﬁ?cdrﬁ‘]?‘fbes:
one set. For exanple, assignnment No. 25 is an el enen

storihg geset Ngsquerg-paths; 261, afnel each queryimgmeftsaidoset 38 quergpaths,
l.emen . SE Sy 3, ; 1, ete. ersel

colSUSTRO b SpistEte, BRBigd ot il AL Bl Br s RONS i tpbing or
rejéobingadh adidifonditerfeR dddeardsdigionEinédggeto S4aCRiehSpath) hereby

unifqormand there are no shared assignnents. Figure 17
dyngpcadlyr undating eadd sef@f Ausrewetis: val ue as a function of

the nunber of iterations. The objective function is a

gl obal quantity defined per iteration by assigning,

f or 2@achThé aretitbdast clgimmd A1 furthes corgbesipaitaraibely repeating said

sel.ected fram.the set of all paths containing the
dye@pmifd odate PYFRIL At Ot AL rislis | h Figure 17t he

opti m zati on nmethod of the present. enbodi nents has a

fast convergence. After about 10 iterations, the

obj 8tt i véh¢ mmihadbaf cleine @Ay wihgesin said atbtriming Faigh peth icomprises

asynptotic.value, It is preci at e hat certajn. .
selfTHEDEEY Gyt Rk o bt Posfr BT by SCRRlalgal optimma
objdeserfub@idbnl N the context of separate enbodi nents, nmay

al so be provided in

22.  The method of claim 20, further comprising issuing a report having a

list of query-paths and corresponding objective functions.

23.  The method of claim 19, wherein said storing said set of query-paths
comprises constructing a square matrix having a first index and a second index, such
that each group of non-zero matrix elements characterized by a common value of said
first index corresponds to a query-path of vertices, said query-path ending or

beginning at a vertex being labeled by said common value of said first index.

24.  The method of claim 23, wherein said objective function is calculated
as a sum of weights of vertices corresponding to a respective group of said non-zero

matrix elements.



conbination in a single enbodi nent. Conversely,

various features of the invention, which are, for
whe@eiosopp3 descri bed in the context of a singl ePCT/IL2006/000074

enbodi nent, may al so be provi ded separately or in any

sui tabl e subconbi nati on. A,4f hough the invention has

been. deser i bed i RGO W )

erbo mogPeE ey REFAMh 257 b ERibdet sDRZFI0 Mkt clement of sald
squatd enanbi repessentsdinkightibdgisedatoda wartbaateted by lal vdbee of said

apc?arent to those skilled in the art. Accordingly, it
secpad Ide¥nded to enbrace all such alternatives,

nodi fi cations and variations that fall within the

spirit and broad scope of the appended clainms. AU

pubé.cat Thersyetipak eﬁ?glran]d whareint tha b |leashonpe mgent comprises a

tigned in thig s i fi cat i r in .
I For et T Tere i forgiegl PuplbEteiualics of, s of
assER@enty &@ﬁsdcﬁvel tcBathbierisaingy exleaktyas subste@dh optimal objective

indi vidual publication, patent orpatent application
fungtienss pecki thatearh set ahapsigamopisds assegiated Aitanedeed- be
i ncorporated herein by reference. In addition,
citation or identification of any reference in this
appbicat Tae nskiald of ebiiml?s, otiet careprisng aptinaidimigsaidopiurality of
that such reference is available as prior art to the
seth phassignmentPent i on. WHATI'S CLAIMED 1S: 1. A nethod of
assigning sets of assignnments to at | east one agent,

the at |east one den; bei ng capabl e of assum ng a
pl u28l i t Thofmethaxt platlih@h@%hm sodnoptisizing of aridadeglity of

sai.d agent: constructing,a agraph Vi . '
sofy 3 e Gt S RG art B eiB L Refufediry taft of
mdet tHadlont ¥etof vertices representing an assi gnnment
performabl e by said agent whil e bei at. a,respectiyve

n

st af® of USBEF FASDRGIVE tRPréam 6f éhE‘egl,uwd%ﬂ of Abfechye dugstions for

id.pl ' S 1 . . i C

e £l el GEORR SECRENNR S IR AEA G £E Stibarcd to an
ovéraH e glitoff ofhet vetetonitaining aitessigimedj ahdpl ural ity of

states; assigning a predet.etm ned weight, for .each .

ver {®k oﬁfs%aé‘? Belﬁ}vﬁr‘ﬁggmfag?é‘??& P’ieéeé%r,“g%‘?‘f’dr fifg Cytetion then
ex1f %Eid%%'&mﬁé&?{]&nimﬁéﬂ obtai ning a path over said

gr aph, salé path having a plurality of connected

ver ttherelsy epighizingisaig pluralitycifsets o€ &S{g]lmnw bst anti al

opti mal objective function defined using respective

wei ghts of said plurality of connected vertices;

theneby a33i @BihGE dfocisiat O.8adeer acodrishiy, ApplyipMRN st one
represented by said )
global optimization process to the plurality of sets so as to obtain at least one non-local

optimum of the plurality of sets.

30.  The method of claim 28, further comprising repeating said steps (a) and

(b) using a different rejection criterion.

31.  The method of claim 28, further comprising repeating said steps (a) and

(b) a plurality of times, each time using a different rejection criterion.



plurality of connected vertices of said graph. 2. The

nmet hod of claim 1, wherein said agent is a satellite.
w@200¢kgoonet hod of claim1l, wherein said agent PGI/HI2006/000074

aircraft. 4. The nmethod of claim1l, wherein said agent

is a reading head floating,over a surface of a nenory

medi um Th thod clhbaim 2,.. i : ;

fow Lt at Sk BETSA of Bar 2 viyrat st SPEETls g FARhveveight
coﬁzlﬁﬁée@ ChRuAtAE SRk B atehl biijective. fufldtivnrediti dossodorekponding to

, Wherein at |east a few states of said plurality of ..
exclvsor of said selsgroaining sgids qsyggwﬁnfoﬁr?@ﬁﬁ%[ ?‘B%sse&sf ch‘é%/lﬂmg sal
satellite at a first location.7. The nmethod of claim
asSeElly oi n at | east one assi gnment conprises a capture
of an image of a predeterm ned area. 8. The nethod of

laim7, wherej id. i i s. ch i zed. .
Ceadt: ondhanahet of ok 2 oo aegir gl bomprises

suﬁﬁniﬁ% bBEativeCincom! @Rr sA8 oBikY BBROnBIRAL said assignment thereby
resof ution, a priority and an acquisition type

. . .9. The
provedingca difrstcsuai,meumming rddaeed ohjselie HELCH O PVFIg pzﬁg ofher sets
| east one assi gnment qof the. pluralj assj . :
copfitares SHR. ARer P octy. RO ienticbitd Gim a8 BAFRA ing, seid
se&dri sthromhgkgirs swad. d constructing said graph
conprises generating a vertex for each sub-assi gnnent

of said plurality of sub-assignnents. 11. The net hod

of aim f i ShAg:Aef:h ni lLeaat fu@Bons are

col et 1 oegpUEREEE cRRRE. ROt S) R lieRbolb AR fulifons
caRSBtaIHEMcRudigba dortttibhtimsdl shidassigshenifiem sadbaibjrgtive function
) fpe_rformabl e by, sai d,cfl ent while being at a single

of spigtashes ety gantginiigata %“S’(gf’m%tat es. 12. The method of
claim1l, wherein said constructing said graph
conprises generating a vertex for each collection of |
sai B35t |Basmethoé of olaine 82j whereih sakkpredaiemiined rpfpctiqm griterion

. method of claim1, fuyrther conprising perform ng an
is gelee F%%%@W@%@Pé@gl?sést. 14. The nethod of claim

13, wherein said accunmul ated resources test is

perfornmed subsequently to said use of said e
| ong¥st - phlchmgthgdraftaldm 35, wherein said at least one global optimization

process comprises a stochastic process.

37.  The method of claim 36, wherein said stochastic process is selected
from the group consisting of simulated annealing, tabu search, genetic algorithm,

stochastic neural network process and any combination thereof.

38.  The method of claim 36, wherein said at least one global optimization

process comprises a deterministic process.

39.  The method of claim 38, wherein said deterministic process is selected
from the group consisting of a deterministic neural network process and a gradient

search process.



15. The nmethod of claim 13, wherein said accunul at ed
resources test is perforned contenporaneously wth

W@ 200d/08e3 of sai d | ongest-path algorithm 16. A¢EIL2006/000074
met hod of claim11, further conprising reducing a size
of said graph prior to saig,use of said | ongest-path

3 .

al gorithm 17 he nethod aof ¢l ail hej ' .

L9801 0 o SRS of bR M el o
mef IR HIpHBin! ¢ B5UH Ridakdakfeed from the group consisting

of triangular inequality reduction and inferior edge

el i detaemining. 2 trgectomyeofiwaidaigllie; claim 17, further

conpri sing alterna] Lehtiked ARDY Rhrality of edges,

i ne %’?‘rpg@ngr %o‘%‘[@?} g%&lg%%e@ﬁfag& r§1¢er ilor edge phhrality 8
cad VéRteRadf id ipluralityi dfeveatides @efrasiniiog anl@sigmnentnparfrathable by

seidsatone &Hlo e Ingae st IR Epye i SEelgtd and gach sdge of
saigg]?g%é%igﬁgp feg%esséﬂxﬁine&ﬁ{g B0 JueicYs BAkAE, plealigubakkiiges ence

I"'ve ction and using said ob}@zct,i ve functjon _
reffregenting & ptapagatiom ofepideeictige hetwaeritwq oeationsalang,saidigpiggiorys

addi ti.onal edge .to.said .query-pat . e
AyndiiGHRE § R arareer B Hisk sy plualy ofyertces
apfet hod of claim 19, further conprising iteratively
repeating said dynam cal update of said set of b sai h
querugingaa lesgest-pathmaigomBmniy 0@?31@?%?Ma%?v§mé@e$rﬁp b sl P2
obt ai ni, ng,.sai ormlii.Se eptd I gl @Bitantial
et AP PASTRE IS PR R FLBE RO 1) & e
opfital etjectibp efihbtiom teficdd asing 22speThiee netiplysl off said aplpwality of
20, further conprising issuing a report having a |ist
copfedigfeYqtighst hs and correspondi ng obj ective functi ons.
23. tﬂ@%%%&é?g&ﬁngfto dafii Btdific WhEY 6F BssSeHnterSd dpra@n®aily said
set © ery-paths conprises constructing a square
plomlity of doandongl wrficessif saidgegphand a second i ndex, such
that each group of non-zero nmatrix el enments
characterized by a comon value of said first index
Cor r gponeis huddasesinPabhfiefhey esrhpiging usiapgdaid trajectory for
query-path ending or beginning at a vertex bein
ddlimeg, Gof cogh sssignTasNAOAmY AHROVOR! WHFHSH ASTEITRRIENS Posfprmable
bThe n%tﬁgd of claim 23, wherein said objective
¥ St IHS s cal culated as a sum of weights of vertices
corresponding to a respective group of said non-zero

42.  The method of claim 41, further comprising discretizing each time
window thereby obtaining a plurality of time instants, respectively corresponding to a

plurality of locations of said satellite along said trajectory.

43.  The method of claim 40, wherein said satellite is capable of assuming a

plurality of orientations.

44.  The method of claim 40, further comprising defining additional vertices
of said graph in a manner such that each vertex of said graph represent a different

combination of time instant and orientation of said satellite.



matri x el enments.25. The nmethod of claim23, wherein
each non-zero matri x el enent of said square matrix
w0 2@6esen s a wei ght assigned to a vertex | abep@dIzgo600074
val ue of said second index. 26. The nethod of claiml,
vvherei n the at |east one aggnt conprises a plurality
ent t he. set s ,of Ed :
ol S 1 ¢ e e ST 47 R HTER oS HREAAe comprises o
Caﬁ{g@r@gh%lh%@&fd)p‘re@et&lnﬁﬁaiaréa/ of substantial optinal
obj ective functions, such that each set of assignnents
is associated with one agent. 27. The nethod of claim
26, sfurther | j Efideddy at least
ot 4b0r | A rGRIR ARG PRI DO AMS P iRt Baedly
on¥/pefagietersseiedtedplronT the geoupf canmisting ofimdbeatipnop sizst en gnvelope

assi gnnents conpt.i se for.each assignnment being
shangem FespiuEgn AP Ia’é‘ir@h?c%lfmr‘ﬁﬂ ¥han one set: (a)

using a respective portion of the plurality of

obj ective functions for determning a relatiy gi
of ddch SBte methpdiofiokams40, fuebes epamaisingasubds ‘ﬁg‘ ga5t one

.an o tfotherss
R e TR &pl?@@%ﬁk@%ﬁ%*ﬂm? es
a predetermned rejection criterion then excluding
said assignnent from said set; thereb Hg?tl mqﬁlang sg b
pl urdsl i t yThsr meeshad off gleln offre ibsrein gsa d‘I' DREYGHGE " EHe srap
¢l al m ' hidapkurat¢ of sub-
e R e S A R T
asSign@éntb0 obtain at | east one non-local optinumof the
plurality of sets. 30. The nethod of claim 28, further
conprising repeating said steps (a) and (b) using a
di ffﬁ?}“ ent TRE P 01 Cldifnes0,0frth31 - coﬁ%ﬁsﬂi@t Oefthigg aclledsmone
urther conprising repeating said steps (a g‘?ﬁ’ﬁ
commucm rmlfu neignmentss hevimgsat desh tomasIgNmEin ! f%tr t two

s&n%]gﬁ% qigﬁg?ggbt Z rg}aﬁ_} 36% ae-tqg ga{'ﬁr eﬁxg} | V‘tée‘flj\}@hmﬁ %ﬁlgle state of the

bsgsegal culating a loss in a total Obj ective
functlon said | oss corresponding to exclusion of said
set containing said assignnment from said other sets

cont %.ni Nghe allngth8§ ShLENTRAL 49, wherein said constructing said graph

comprises generating a vertex for each collection of said at least one collection of

assignments.

51.  The method of claim 40, further comprising performing an accumulated

resources test.

52. The method of claim 51, wherein said accumulated resources test is

performed subsequently to said use of said longest-path algorithm.

53. The method of claim 51, wherein said accumulated resources test is

performed contemporaneously with said use of said longest-path algorithm.



33. The nethod of claim 32, wherein said cal cul ating
said | oss conprises, sunm ng objective functions over

W@ adod/ogiober sets contai ning said assi gnment thePCEDR006/000074
providing a first sum sunmm ng reduced objective
functions over said other sgts containing said

assignme t her eby praovi di n second .su . .
Subtact g Sarat e R Lritren EaPIRY Rt sigg of seid
grapheprive thedd afe ¢fl saldoBgest-whi aRioftlgAl d reduced obj ective
unctions are cal cul ated by excluding a contribution
of said assignnent from each objective function of
sai &0t hefpeS O5¢ @fafH h&le S $i@ B8 Rkion 3% sakfi€graph is
met %gd o?lrhgl gllte?ﬁo 2{% \A’r?girlg?ﬂ'ﬁs‘ggge prédeter nlioﬂed - egrép '
effeeteé dtyi atnleasti drer feduction wetelute delsaeddrono the giomp zensisiieg of
.l oss. .36. The hod of claim35 wherein said at
trig H&%%ﬁ)’&ﬁ%ﬁ%ﬁP{l%nf‘%ﬂqfﬁﬁ]g%a&}e’é@go%onpri ses a
stochastic process. 37. The nethod of clai m 36,

wherein said stochastic process is selected fromthe )
gr ol- coniesmethgd of cidimmdtfodherreosrising, alteanaiinghetween said

.genetic algorithm. stochasti. r n .OCEesS .
R R e e S L S R
fask@on.Wherei n said at |east one gl obal optimzation

process conprises a determnistic process. 39. The

nmet hod of claim 38, wherein said determ nistic process

| s sgl ectpd Tramd h?f HAMP 4@9 NShleld %l 18ngest-path algorithm

determ nistic neural network process and a %r a%ll ent
coapaised sturingesst 40queky-pethkoahdo foramsh gnérmepagieoBsant set of query-

ssignments tq.at, | east, one,satel l.i.ite, the.nmetho .
el dris oot Gytivertatio A4 Sang st oSisalius ROl o accepting
orlibREEES 8h Yad@fioRAl PbrRAtRll dnt £KIdiEADS LAHCT SEd Jueyai, thereby
having a plurality of vertices and a plurality of
dysdgés|ly saditingseidset of quessi-paths.ural ity of vertices
representing an assi gnnent perfornmable by said

satellite while being |ocated at a | ocation along said

t r aj 38;t oryhe mdthodasticlaaosy, dirtbai ebnprisirgl itdrytivadly eghgatdng said

connecting two vertices of said plurality of vertices,
dynamical prinieclisid seb obayropalat i on of said satellite

between two | ocations along said trajectory; assigning

a predeterm ned wei ght for each vertex of said

pl urdl.i t yTlef methotli afedaim 58, wherein said obtaining said path comprises

‘'selecting from said set of query-paths a query-path having a substantial optimal

objective function.

60.  The method of claim 58, further comprising issuing a report having a

list of query-paths and corresponding objective functions.

61.  The method of claim 57, wherein said storing said set of query-paths
comprises constructing a square matrix having a first index and a second index, such
that each group of non-zero matrix elements characterized by a common value of said
first index corresponds to a query-path of vertices, said query-path ending or

beginning at a vertex being labeled by said common value of said first index.



and using a |longest-path algorithmfor obtaining a

path over said graph, said path having a plurality of
w@emaestoesl vertices and being characterized byP@I/IL2006/000074

substantial optinmal objective function defined using

respective weights of said glurality of connected

vertifLes L S n to.said satellite .a set of

assi %ér:men eh@e%rgésogn % %g@ﬁfedn 5?13 ? y° ngncg% b Elagfated
asvesirh of svefhts af derﬂé@pdbrreéjiondﬂgeto@febﬁ&tl% gﬁdu@' dP 484 non-zero

further conprl sing using said trajectory tor defining,
mpigix IHssignment, a tinme window at which said

assignment is performable by said satellite. 42. The

met hod of claim4l1l, further conprising discretizing

eachb} i mellwi melthod ©h elaim)é 1 pwhericimi cagh aoplzuroahaithx ebdmérit B said

ants, res ive orre pondln l.urali y of,
SR A B BBl ¢ Yaleht FRErea Briy Yede oPlel o Bripiieagt said
sedhel ingdhod of cl aim 40, wherein sald satellite is
capabl e of assumng a plurality of orientations. 44.
The nmet hod of cIain14C5 further conprising defining

ddi f
? h alt Me 22 ﬁh{?\éﬁ ax’ S C%ész‘ﬁ"g, 9’;&%@? Q‘B %é%ﬁ{mn 'S Eerlﬁércé)mpﬂses a

ploniity oAtshelited andnbhei sest ahasagnan | RRipse ON pREal &} 6F sets of
satellite. 45, The nethod of claim43, wherein at | east

AsHFRMEAS reRRelHele th%ré'@d Dycnplialsy of selstanialyential objective
ﬁlﬁétﬁgﬁts%ﬁm%@ EheBlsPuf a‘éggﬁx}ggﬁs Ygeatsg&q%&%wﬁh %h aﬁé ite,

wherein said i mage is racter eas one
paraneter sel ected fromthe group conS|st|ng of a
a si e a resol.utiaqn,

:J?I(:gqtjl ty g}?&ng gqaeﬁaf’l g‘?&ﬁgﬁv PHving pREMizing, s d @%urahty of

setl FlaBidfnenktd)r t her conpri sing subdl viding at | east one
assi gnnent of the plurality of assignnent into a

plurality of sub-assi gnrrents 48. The nmet hod of claim

gendlri R0 S U B oRf shiedhfae Bisa oty of

setsl afraaiugmyiemé compass| gRreatt dssighthent BEnpBddBtic@his Gh RidRent of
further conprising defining at |east one

m‘&rﬁlﬂilaé'tﬁqeéﬁ of assignnents having at |east two
assi@nMeniio $¥Peve FFbn ©0FMme plurality of objective functions for

determining a relative weight of each set containing said assignment as compared to an
overall weight of other sets containing said assignment; and

(b)  if said relative weight satisfies a predetermined rejection criterion then
excluding said assignment from said set;

thereby optimizing said plurality of sets of assignments.

67.  The method of claim 66, further comprising, applying at least one
global optimization process to the plurality of sets so as to obtain at least one non-local

optimum of the plurality of sets.

68.  The method of claim 66, further comprising repeating said steps (a) and

(b) using a different rejection criterion.



assi gnnments being performable by said satellite while
being at a single state of the plurality of states.

WG 006/08®03et hod of cl ai m 49, wherein said conspPeT/UL200600074
sai d graph conprises generating a vertex for each
collection of said at |eastyone collection of
assignme [ further
corpe ot nmithod B ASMELR Ml EUBIRIAL eoco L 886 sicps (o) and

(b2 phifdligy wétities eath tinaiuning b, diffbrentakcjeciai eitagenmul at ed
resources test is performed subsequently to said use
of said |longest-path algorithm 53. The nethod of
cl ai7y. 51, TAaERbLA of Blatn B6CHAMLAL Gl &&aﬁﬂﬁ&g%afd%f tive weight
performed contenporaneously with said use Gf sai g

comyiges ealpdatingi dessiin lintosd objeetiverBimetion,ohidloas wortesponding to

e i.Sl.ngQ. I e [ a size of .sai.d graph prior
el SRR e ST uFodueth BBl rif Pl 68 RO pinicE saia
assighfent. of cl ai m 54, wherein said reduction of said

graph is effected by at |east one reduction procedure

sel ected fromthe group consisting of triangular

i negyal it [ i [ . Jmonation, .

6. Mo, noiaa et CEPLRAYO, ShEEhP tol U BELIR108 Yomprices,
sugintipg whjcctige betctiesnowaisdidt sthamgtsl @ntdimeg yaidi dsyignment thereby

reguct i 3:1 and said inf ef%]gr e E?e .elimnpation in an
PIPYIgHg: f ES SWHR W38 TRRECH RIS HY O AURGHRMOYEY ShieptBpt sets
cobRiilng @RidesdsigRaicht MY bRINALIRI §68d sifn0 2hA gsugtrér%ng said

of query-paths; and, for each query-path of said set
Se@ﬁndcﬁum%atsn@,ﬁr@taﬂu@m ating an objective function and

usi ng said objective function fox accepting or

rejecting an additional vertex and an additional edge

to smid dueriethad bf claligrabwheiennsdic ddduted pHREIRIASMiGhs are
afcﬁtaﬁ()f query-paths. 58, The nethod of claimb57, _
c Ky Eshsines entiibwionafpaidysyignaent ifigg eash@blective finction

“na "ﬁﬁ;;;%f' L of query-paths. 59. The

Of(r%tﬁﬁﬁgﬂ g%tsgﬁ&g[?lm ?lﬁﬁglggﬁlgﬁtéai d obtaining said path

conprises selecting fromsaid set of query-paths a

quer, opti mal objectjve

- pat.h havjn substantial o ; }
f undor gn. e met 0(9 of3l claim %, wherein said predetermined rejection criterion

is selected so as to minimize said loss.

74.  The method of claim 73, wherein said at least one global optimization

process comprises a stochastic process.

75. The method of claim 74, wherein said stochastic process is selected
from the group consisting of simulated annealing, tabu search, genetic algorithm,

stochastic neural network process and any combination thereof.

76.  The method of claim 74, wherein said at least one global optimization

process comprises a deterministic process.



60. The nmethod of claim58, further conprising issuing
a report having a list of query-paths and

wa@orosespondi ng obj ective functions. 61. The nep¢DUL2006/000074
clai m57, wherein said storing said set of query-paths
conprises constructing a sqgare matrix having a first

i nd and.a_seco Lnde Nt hat A :

non Jer o WErHCEPLHART 26, Tt aRRFRHAMB fs sclected
frowakheegiofip Sehdstiig of a iderdtenintwicr espad niswork Eocpse rayd pagiadient

of vertices, said query-path ending or beginning at a
seajelt PO%eSei ng | abel ed by sai d comon val ue of said

first index.62. The nmethod of claim61, wherein said

obj ective function is calculated as a sum of weights

of 8rti clesapparatesiooasigning stseofrassipewenity & grleaspond agent, the

aid non-zero .matrix.el enents. 63. .Th of;. cl ai
ot it ARG BADR RIS oF e, it Chpaiesy he” s
cofPHBng: Matrix represents a weight assigned to a vertex
| abel ed by a value of said second_index. 64. The X
met Ragrapf caststinetpy dor eomatFesting: ok cagh aesak ¢ esl hoxing 4 plpeplity

conprises [ lJ : ot SOl art
or SRS L BAEE oy b 48, o ) DR ot o
reﬁr@%&ﬁﬁg i a‘lssy'grﬁﬁkﬁft @leﬁfaiéﬂabkib}bsai(ha@nu while byingfat a respective state
substantjal optinmal objective, fupctiaons, .such that .
o B o St L ECL. 18 LU L5 eSUER, LiRkctng oo
veRiteE bt 54§ hﬁéﬁt?r-@%quH 1960 fedRhIE4 trahditidBdtween two states
conpri si ng opt I f f

mzing sald plurality of sets o
ofasigipjmaktytcaf staf; The met hod of cl ai m 65, wherein said
optim zi of sai.d pl.ur.alit sets of. i gnren .
comgt TeiehPaspigned on Ry pbsRldiie] Figfipt PRI N RSy gt said
pl&hBREveRicesDin@ than one set: (a) using a respective
portion of the plurality of objective functions for

det ex pathiopfmizer.ciugplemenizd byt lopgest-Rath Jearithpnmng; Gonfigured to

al d assi gnmen S..C red. n I '

Obi%lﬂé‘rp%@togerc%aﬁé & rﬂhhgﬁ]{gafndgaéé%fi g n?nenlﬁ%;E S%gr?omﬁ}bagﬂ{ ?Pé%l}ngmd
veFtedetand ehevgl Ctitiract@izied fiyes subspmede bptimainédectivp condton defined

criteriaon then excluding.said assi gnnent fromsaid
using TesReR Y e BieB it at SRty Al of cpRRFCIE VeSS sets of

assignnments. 67. The nethod of claim66, further

conprising, applying at |east one

79.  The apparatus of claim 78, wherein said at least one agent comprise at

least one satellite.

80.  The apparatus of claim 79, wherein at least a few states of said plurality
of states describe a trajectory of said at least one satellite.

81.  The apparatus of claim 79, wherein at least a few states of said plurality

of states correspond to different orientations of said satellite at a first location.

82.  The apparatus of claim 79, wherein at least one assignment comprises a

capture of an image of a predetermined area.



gl obal optim zation process to the plurality of sets
so as to obtain at | east one non-local optinmum of the
w@bkwsagiodyy of sets. 68. The met hod of clai m 66PCTI200v000074
conprising repeating said steps (a) and (b) using a
different rejection criteriygn. 69. The nethod of claim
66, further conprisi.ng.repeatin j 10
(b) 83 pl &ﬁ%@ﬂ’%} lyp o i g&%@f%?%%“ﬂlﬁﬂ%g 15 chithciBlitka by at
leasE€IoRE thafitnetérl §@Edta frofD thel peoupethisittiof afl ailocaién, a size, an
wherein said determning said rel ative weight
envalops shepss agesodufions f fgorly 496 anippqwEsiigR BiPCopj ect i ve
function, said | oss corresponding to exclusion of said
set containing said assignnment fromsaid other sets
contgd| ni Mhe spparaassifoiaents, MttheTbenpritingd whdividingnunit for
SS.CO

sG55 B0 FE BT DG BB aF AUERER: 4363 pluralty of

Qnt: ' sai d assignnent thereby providing a first
Sué%%%ggﬂ%ﬁgng reduced objective functions over said

ot her sets containing said assignnent thereby

provj di ng.,a second . a L act i

DL o B RS 98 et Py Moreruot
1o WS8R veAbR foredacab-abigamlhtvef shidnttralitysofanb-assignments.

cal cul ated by excluding a contribution of said

assi gnment from each objective function of said other

set ont-gj_ni [ 1SS : fiefiner for

cl ai ‘70,ﬁjl\f\‘ihéep:}g¥aﬁ?ss(g§ %é%dr gg’e@l g&?ﬁ ‘%"zrapr?égfg e%tefﬂger?ﬁ oRldefin )
deSiideettl@nt drfe Sileetidrest assigaments having afi estdad @sdigigmenty 4aid at

S G PR Pl b e s o

thgg)ﬁﬁ%ﬁg.ofzétesfhe nmet hod of claim 74, wherein said
stochastic process is selected fromthe group

consi sting of sinulated annealing, tabu search,

enetjc orith sfochastic, neural.n

Sencbhs SRSt ERESH: 0B Al BEPASRERE3S fporat
to%}:nel‘é@:ee[ Frfdx I8 shcRboll@ESh 0P 5d 6l ledbnopdllentiamdl aspignments.

process conprises a determnistic process.77. The

met hod of claim 76, wherein said determ nistic process

IS sgfect fr i st ing: . .

o2, P 26 AL 5P PRPLLAHR] Gl gl of
p&eRhGhy &1 aeesslated resources test.

89.  The apparatus of claim 78, further comprising a graph reducing unit,

for reducing a size of said graph.

90.  The apparatus of claim 89, wherein said graph reducing unit is capable
of performing at least one reduction procedure selected from the group consisting of

triangular inequality reduction and inferior edge elimination.

91.  The apparatus of claim 90, wherein said graph reducing unit is capable
of alternating between said triangular inequality reduction and said inferior edge

elimination in an iterative fashion.



78. An apparatus for assigning sets of assignnents to
at | east one agent, the at | east one agent being
we apalos®odf assuming a plurality of states, thRCT/IL2006/000074
apparatus conprising: a graph constructor, for
constructing, for each ageny, a graph having a
pl ugal it ' QN 7! : .
Ver P otttk SERARTR B Sl PR AR RonBRE
ass agnenyriatipenif for dafihieg layd staridg agetraf qubriybmthsei ng at a
respecijve state of .said pluralijft. states, a ac
B ghietByer B imaralsigeedy P daBuletidor Fih B8 o 3 set
of Y&driipads, #f objcdtide Bhrdtidhidny of vertices hence _
représenting a transition between two states of said )
pl ueauipdsting unit, feredynamioplygindating sajAset of greryupathy tisig said

a predet erm ned wei.ght for each vertex of said
objgpﬁ eaﬁngt?on.

y of vertices; and a path optim zer,
suppl enented by a | ongest-path al gorithm and

configured to obtain a_ path_over said graph, wherein,
sai @3pat Hhe o#pprsatess of Ay 474 ¥‘§}ﬂ¥§f OBHRISERe aN ARy Wt for

. i 1k L i . i L. mal
o o o B R gt s of
said plurality of connected vertices. 79. The
apparatus,of clajm 78, .wherein said.at |east one agent
condt se T PEARTE el b M PutRegid S Bl P BBRtes o
métHRicBhstRctopBF Bdrtrabtinge@ Sduade faWiShaigSa Bitst 98dest and a second
lurality of states describe a trajectory of said at

indexasuchathat eagh @raup @f na-zero mdrie plsaeats phatgptegized Ry pgcommon
erel S j1d |ty Of
vaUCR Rt Fhol B8R st 30 350y R o PRk i yery-pate
endimpedr! bdggarivig at hivestex [betmt labeled 8%. salheomppar edlus offsaid first
. claim79, wherein at |east one assignnent conprises a
indeXpt ure of an inmmge of a predeternined area.83. The
apparatus of claim82, wherein said inmage is
characterized by at | east one paraneter selected from
t he 9§r ouTheapparstus of claim &4) wheatinoaid ebjsitive furetion is calculated

envel ope shap .resol ution, priority and an _ .
o5 G 8 PP Gfpsntdsh CoRHRpoRRaa PUESTEPIYS ESfp 7§ seid non-zero
mdtklk eedenfONpri sing a subdividing unit for subdividing

at | east one assignnent of the plurality of assignnent

into a plurality of sub-assignnents.
96.  The apparatus of claim 94, wherein each non-zero matrix element of

said square matrix represents a weight assigned to a vertex labeled by a value of said

second index.

97.  The apparatus of claim 78, wherein the at least one agent comprises a
plurality of agent, and the sets of assignment comprise a plurality of sets of
assignments respectively characterized by a plurality of substantial optimal objective

functions, such that each set of assignments is associated with one agent.

98.  The apparatus of claim 97, further comprising an optimization unit for

optimizing said plurality of sets of assignments.



85. The apparatus of claim 84, wherein said graph

constructor is operable to generate a vertex for each
waaiveas®iIynment of said plurality of sub-assi gpeEmni2806/000074

86. The apparatus of claim 78, further conprising a

col l ection definer for defiping at |east one

col Lecti f _ass] ntse having. at |east.. . o

nest S e Bnafi SEVTRELS VAKIARo oERRhubH it comprises

peré Qllieﬂ‘?cbhsﬁigbmll@ﬁ ildelﬁgmﬁ,]gfov\mehefyhgj shgrﬁ}qasa'gmhm@ls,esaid shared

state of ' the plurality of states. 87. The apparatus of
asstgngienfsgringiRentEied asslanegisRmers A WESEY i s operabl e

to TR Ret i i iveOForfibn Rt firality of

| cadf I epb B ind B (oF Ae aak R ehisgPorlbn SPUE flaliy o
objeftivel Ainntid®, tof deteimeine eorgativs i wigiglet ofosachngst ipontainiag abshared

of performn n_accumul at ed resources test..89. The
e SRR 8 OBl SV SHER SoMBET 7 Omei e shared
assh t;ngdunit, for reducing a size of said graph. 90.
e apparatus of claim89, wherein said graph reducing .
uni & dosdisiepalopxcleder for euelusling said pesignmesh drame daid peinil said
FOC re t ) . up. i sting of
rel%‘Vlea eggﬁltﬁﬁélﬁ{ﬁgq% g??%%&%egggte%oﬁl %ﬁ%?ﬁf eri or edge
elimnation. 91. The apparatus of claim90, wherein
said graph reducing unit is capable of alterpating, . .
bet We@n EVBP drpras Rl i RSoiiEPey SOrPRIERIRG: i %08 Ogﬁldolg%’{?’&aﬂon
. o Lo L . t .
und R RinE R o Ml G afih ploB Rl U RO e o o
to clatafarat dst one ngudogeal patiuonifithd pinradigf ofidetsg and st ori ng
a set of query-paths; an objective function cal cul ator
for calculating, for each query-path of said set of
quen gyt patins appdtaRBio€ elainy 99 WhGEINGRId RREvaRvetl AtleAdinator is
unit, for dynam cally updating said set of query-paths
opereblago salatlatbjpdess ined tatrlcobiewivedgnctiphe séig Jassaeqitespending to

| aim 92,..further. c rdSi o i o :
ex ol g 4 PrghinGR LR DuRR RbERI Whel P bortaining said
as?\%irﬂeﬁft.i ve functions. 94. The apparatus of claim 92,
erein said query-path unit conprises a matrix

constructor, for constructing a square matrix having a

firghyi ndgx aﬁggraﬁ:sstﬁ{bm fdigﬁﬁereﬁy%d L8y ERERBLOHQ  Rhinator

of non-zero trix elenents characteri zed by conmmon
comprises:

a summing unit for summing objective functions over said other sets
containing said assignment thereby to provide a first sum, and summing reduced
objective functions over said other sets containing said assignment thereby to provide
a second sum; and

a subtraction unit for subtracting said second sum from said first sum.

103. The apparatus of claim 102, wherein said reduced objective functions
are calculated by excluding a contribution of said assignment from each objective

function of said other sets containing said assignment.

104. The apparatus of claim 101, wherein said predetermined rejection

criterion is selected so as to minimize said loss.



val ue of said first index corresponds to a query-path
of vertices, said query-path ending or beginning at a
wQ egobesoobei ng | abel ed by said common val ue of BEI/TL2006/000074
first index. 95. The apparatus of claim 94, wherein
said objective function is_gal culated as a sum of

| ! sfal .
Wwel S vertilces orresp di n to a rgespegtive
gr og@of%‘%\i WPABHS é’% oClAm ¢ f‘ﬂ‘h e]wgﬁrgm Sal 6“8 fﬁﬁg one global
optgf%aaﬁ&{ procak coinplifesHtodhhficgirfce8@Cch non-zero matrix

enment” of said square matrix represents a wei ght
assigned to a vertex | abeled by a value of said second

i nd 9 e .. 7.8, [ :

S8 on s SRR ABRA AMELOL U TAR MRS Ryl e
frotch eheSgiosp afonsisting diBihulardmnsaing, phtur adardly gehetietigoothm,

assignnent s re?pect ively characteri %&9 (g_y a plurality
stoglfas¢paralietwprkgpesesnindycomRtiop i ¥ns, such t hat

each set of assignnents is associated with one agent.

98. The apparatus of claim97, further conprising an

opt 167.zaThenapmidtud of olatm nl @3, nyhswinl pidiradl laagt ohe global

sets . of assignnments. 959. The acjtolg)ar atus of claim 98,
OPREALPTHPIOSPSS COPPHRTS AL BHIYRTG PTO8RSr i ses: a shared

assignnents identifier, for identifying shared

assi gnments, said shared assignnments being identified |

as é0®redte apparsrseof lskaimohe, swlerein padql Mofepminiticyprocess is

det er.mi nator. for L0 pect . [
sl Boh] ool FLAGERELIVS Bk Ry pd8ess and a
gradednBkdayeh petght of each set containing a shared

assi gnment as conpared to an overall weight of other

sets containing said shared assignnent; and a

congpgi o e i ; 'ﬁf?ﬁi flts28 S GATEHe satellite,

fro?nb%'ai g@s@ﬁft sa?&gs?%qng%(lgé&%gfwge% t eszft i sfies aesae e
thepappaetuasrcoipedingej ection criterion. 100. The apparat us

of claim99, further conprising,.a global..optimzation .

uni # tRiSetaTR IR TRipAeY- 1PEdSeTURE TS A BiRlie) & gy of said
satBfi@sess to the plurality of sets so as to obtain at

| east one non-|ocal optinumof the plurality of sets.
101 a graplecansisactar der esmsisuciingaomaphnhastieg A phupléty of vaxticpe and
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assignment performable by said satellite while being located at a location along said

trajectory, and each edge of said plurality of edges connecting two vertices of said
plurality of vertices, hence representing a propagation of said satellite between two
locations along said trajectory;

a weight assigner, for assigning a predetermined weight for each vertex of said
plurality of vertices; and

a path optimizer, supplemented by a longest-path algorithm and configured to
obtain a path over said graph, said path having a plurality of connected vertices and
being characterized by a substantial optimal objective function defined using

respective weights of said plurality of connected vertices.



exclusion of said set containing said assignnent from

said other sets containing said assignnent. 102. The
wappaistoos of claim 101, wherein said rel ati veP@Biigaes/000074

determ nator conprises: a summng unit for summ ng

obj ective functions over sg d other sets containing

sai SSi | LSt

suriy g TEOHRRac i Gk 10 BN SRt bl Wi aefiner,
commatisicating withisagl s@ecdonsdétgmimatbr thd cabfjguwal pr definte far each

e  & UT EE YPRLCAed T SReu oo D said el
apparatus of claim 102, wherein said reduced objective

functions are cal cul ated by excluding a contribution
of &Hi.d dbsiagnaems 6f clatwadh),objriber icomptisingt & odisaétizer, for

. sal.d ot he ets_containing sai.d assign 104. The
ais§BGpd Sho e YD e SR 5 BE Ry of it Hstants
respeti®€llyi eotredporidind @ d plusdit cifedesitondSoft Saidh Jatdlité €al6@d Gaid

loss. 105. The apparatus of claim 104, wherein said at
trale@last one gl obal optinization process conprises a

stochastic process. 106. The apparatus of cl ai m 105,

wherein said stochastic process is selected fromthe

gr ol2.coihe stppagtusf oS ichaiinafl 69 aoeedd isaig, sdtelbite deampihle of

epetic algorithm stochastic neural network process

aSS‘gW&P N PO her eof . 107. The apparatus of

cl ai m 105, wherein said at | east one gl obal

optim zation process conprises a deternmnistic )

pr otbss. ThogappTtausappaclamusl % wherein 50, cwipbr epwstegicd is

rmnistic, Process .i lected fromt
colt GuEIbRbe F i GRF RS S8 Bl b sa veren
of sidl giaplifrastesnt a Sieffdrelt PhERSdn oI@ne MBtadRRl RidhSatiodrof said
assigning sets of assignnents to at |east one

satelliiee| | i te, the apparatus conprising: a trajectory
determinator, for determ ning, for each satellite, a
trajectory of said satellite; a graph constructor, for
con$t4.ucThagprrguaphclhiay i Iy vehepdit atleastyone fassigirhét @dmprises

an . .
a capture of an image of a predetermined area.

115.  The apparatus of claim 114, wherein said image is characterized by at
least one parameter selected from the group consisting of a location, a size, an

envelope shape, a resolution, a priority and an acquisition type.

116.  The apparatus of claim 109, further comprising a subdividing unit for
subdividing at least one assignment of the plurality of assignment into a plurality of

sub-assignments.

117.  The apparatus of claim 116, wherein said graph constructor is operable

to generate a vertex for each sub-assignment of said plurality of sub-assignments.

118.  The apparatus of claim 109, further comprising a collection definer for

defining at least one collection of assignments having at least two assignments, said at



a plurality of edges, each vertex of said plurality of

vertices representing an assignnent performble by
wa@a60d/0smoel| [ ite while being |ocated at a | ocat PONI20@Y0074

said trajectory, and each edge of said plurality of

edges connecting two vertices of said plurality of

. RER TR SRI-RIRMIL BY sBidarPaegathierbeify gai dngle state
16%% :{r‘s?%gmbet vveler%er{é\%\o | ocat ?ons al ong said trajectory,

of thewdughty cfsitegner, for assigni ng a predeterni ned
wei ght for each vertex of said plurality of vertices;
and a path optim zer, supplenented by a | ongest-path
al gqnbt hmnangpaent o dlagd 118, whérainnsail grapthcensemctenisdoperable
graph, said path _haying a plurality of connect.ed.
to generate 8 yererd %é@ﬂbcoélﬁﬁi%&fgﬁﬁfé EFaBR\fmg "QEB‘&%‘P& Asgignments.
opti mal objective function defined using respective
wei ghts of said plurality of connected vertices. 110.
The 12pparkicuppahtuslofichin 099, fudtherrompeisingra t65tng upittqaggble of

wi ndow defi ner, conmuni c%ti ng with said trajectory
pegferaingiap AP YAEd ESRICEUEY to define, for each

assignment, a tine wi ndow at which said assignnment is
performabl e by said satellite. 111. The apparatus, of .
cl ai 1111 0Thef appatagys cforpm £§% Gumhetjcoppaisingey grapl reducing unit,
di screti zi n%feaﬁg tihms wi ndow t her eby obtaining a
fopfePaPE APE P PR st ant s, respectivel y correspondi ng

to a plurality of locations of said satellite al ong

said trajectory. 112. The apparatus, of ¢glai.m.109,.. .

wher B2n sBheppptaar aticlim 23 aRane S et Rig g it is capable

| i ol fi ddide sdBSRRRA HelUfo®f cEhsitity of
Of%ﬁgf()%\l%&g%ﬂ%asgglhg?%dr%gﬁﬁpélgﬁstrﬁgt.or- i s conf ib%u?{d to
tridefilncinegiality wedadtionent infesonddge gligiinptiaph in a nanner

such that each vertex of said graph represent a

di fferent conbination of tine instant and orientation

of sjf SehehidabRus dlefimling, FBBRIAAUBgraph eddatimg Wb is capable
wherein at |east one assignment conprises a capture, of
ofanltérmaiye bétveenriaife tiangilae dneguelity redyctiop, and, sad, wifgrlor edge

1of. cl.ai m 1],4é tV\/ngfr iin said image is characterized by
elgpinaon 0 FHEHLCIABY Y sel ected from the group

consisting of a |ocation, a size, an envel ope shape, a
resolution, a priorit ){ .and an_acqui sjtion t%g)e. —
124. The apparatus of ¢claim 109, wherein said path optimizer comprises:
a query-path unit for defining and storing a set of query-paths;
an objective function calculator for calculating, for each query-path of said set
of query-paths, an objective function; and
an updating unit, for dynamically updating said set of query-paths using said

objective function.

125. The apparatus of claim 124, further comprising an output unit for

outputting a list of query-paths and corresponding objective functions.

126. The apparatus of claim 124, wherein said query-path unit comprises a
matrix constructor, for constructing a square matrix having a first index and a second

index, such that each group of non-zero matrix elements characterized by a common



116. The apparatus of claim 109, further conprising a

subdi viding unit for subdividing at |east one
waz®ogsmeent of the plurality of assignment i ntPCHIL2006/000074

plurality of sub-assignnents. 117. The apparatus of

claim 116, wherein said grgph constructor is operable

r a - S

R R e L
endirhgi bmbagifnin Lertt heerteobging dabrtpdaby ehidesiniroon defueneh s#id first
defining at |east one collection of assignnents having
&f | east two assi gnments, said atleast two assignments
bei ng performabl e by said satellite while being at a
Si ng}e state of the plurality of states. 119. The
apphiZat uShofappheaius of 8claiwh 26 rwlsaeis sgidpebiedivst finctiop is

o BREL 30, 0,00\ o P SOE BB £ i

nontB&o apmak aleen®f cl aim 109, further conprising a
testing unit capable of perform ng an accunul at ed
resources test. 121. The apparatus of claim 109,
fur r r It
2 2 TRTEAAY of 06, RUE A Hoh s Pl g8 of
saitMaquagd matvisi cbpogsamih arveelpleti asgjgued to a wereagalimied oy a value of said
performng at | east one reduction procedure sel ected
SeCPP@)}ﬂdf’ﬁe group consisting of triangular inequality
reduction and inferior edge elimnation. 123. The
apparatus of claim 122, wherein said graph reducing
uni 129.s Thpappasatos of¢lpis ﬂ:&ﬁ,uwigrmﬂwé asaoup sefallaigpomprises

« WAL DRI G BRI o B b Rlpy gty of sets of

ass?g?ﬂ%hﬁst ﬂégp&ﬁv&b/ &Jhﬁial&ﬁzedﬂbfz‘ aejlialyi of sbktantydtoptihab bbjective
onpri ses; uery-path unit, for defining and_storing

fungtiges, sesh ta@reqay %toﬁwwwsﬁ ig avspeiated it o atHiEL | at of
for calculating, for each query-path of said set of
query-paths, an objective function; and an updati ng
uni 130.f oﬂ“helyppmhmabf ylainp d29 ifn@hexa;bnhpsi&ﬂng ah ogtieizatioatung for
L ng S%Lﬂgll |ve%']r?gnct| 0 125. The apparat us of
OP‘B‘iI%ﬁ“FﬁSP VALY AL YASHBEPAYS-an out put unit for
outputting a Ilst of query-paths and correspondi ng

obj ective functions.
131.  The apparatus of claim 130, wherein said optimization unit comprises:

ind

a shared assignments identifier, for identifying shared assignments, said shared
assignments being identified as elements of more than one set;

a relative weight determinator for using a respective portion of the plurality of
objective functions to determine a relative weight of each set containing a shared
assignment as compared to an overall weight of other sets containing said shared
assignment; and

a conditional excluder for excluding said assignment from said set if said

relative weight satisfies a predetermined rejection criterion.

132. The apparatus of claim 131, further comprising, a global optimization
unit for applying at least one global optimization process to the plurality of sets so as

to obtain at least one non-local optimum of the plurality of sets.



126. The apparatus of claim 124, wherein said
guery-path unit conprises a matrix constructor, for
W@oovsN8e3 i ng a square matri x having a first iPCEK.2006000074
a second index, such that each group of non-zero
matri x el ements characterized by a cormmonval ue of said
firs d§3 | ”‘i‘ﬁé(a 4t QPE‘lgﬁn 191 BwhkEiYsaRPlelhtivt WeEkt def$minator
sai d query- p endi ng or beginning at a vertex being
is dpabélet dzaycuizae d lossmrcarfcotaélohwcf@ve Babtdor ispigtlossrrpasespagimg o

he a ar clai m,126, wher [

excliniet Posris setceamiifing s a8 G P Al @Rt fpiog guid
asggﬁkﬁﬁpondlng to a respective group of said non-zero

matrix el ements. 128. The apparatus of claim 126,

wherein each non-zero matrix elenent of said square

mat r e

"anbrba B SBGRGe 81 PR CRRERSHL MAMEEH doterminator
coiappgksat us of claim 109, wherein the at |east one

satellite conprlﬁfséa lLural ity of satellite

set & SHRAY YHHe ing Obieche - BRFHORS, Pvgt)etsgl of)%her sets
S t3si c W t mYard Blrdhald Iréduced
oo B T B
objeaitte fmttiafs eves sajdwtier sets sortsinmg saideassignmenpihereby to prov1de
sat I I |te 130. The apparatus of claim 129, further
an optim zation unit for optimzing said
plu ra@hbﬁéeu@ﬁ uERtfer RbtragigR@eBtd stdilfromheidaipiesuat. us
of claim 130, wherein said optimzation unit conprises
. a shared assignnents identifier, for identifying
shar. assi S ' ;
>hanes 253 IUERL or i) FIRSARiARSUENGRILA ke funcions
ard edladlbted Byekegihidiade taccontriiattion cffosa@assngnmnteﬁscpacﬂabh/ @bjective
portiqgn of the pluraljty of abjective functions to
fu’%félpéloﬁ?%@ ofhef éfft%\P‘?r%f%‘nW@ls 1asyeBELh set contai ning a
shared assi gnnment as conpared to an overall weight of
ot her sets containing said shared assignnent; and a
_condBti ofle epprratde ol fdaimed3B utihatpis shid aedeigrimad rejection
om.,said set if said.rela ﬁEve wei ght satisfies a
°n§?§@éfgﬂﬁﬁﬂ£ﬁ’?%Pé@?“@ﬁeg? % on. 132. The apparat us
of claim 131, further conprising, a globa
optim zation unit for applyi at | east one | obal
opt 137z atThsn appayelas sof ¢laipe 1§gur“éll1qf?1§} stidsat deash ope global

optimization process comprises a stochastic process.

asg

138.  The apparatus of claim 137, wherein said stochastic process is selected
from the group consisting of simulated annealing, tabu search, genetic algorithm,

- stochastic neural network process and any combination thereof.

139. The apparatus of claim 137, wherein said at least ome global

optimization process comprises a deterministic process.

140. The apparatus of claim 139, wherein said deterministic process is
selected from the group consisting of a deterministic neural network process and a

gradient search process.



to obtain at | east one non-local optinmmof the

plurality of sets.133. The apparatus of claim 131,
wob@sesmozai d rel ati ve wei ght determ nator i s PEEI2006000074

to calculate a loss in a total objective function,

said | oss correspondi ng tgyexclusion of said set

co I Ni ' [ :gai.d ot her sets

002:42] nimnégatilg}:%ﬂg% f’%ﬁ@ﬁﬁn’ &?Lrggﬂ.lﬁ e appar at us of

cl abmssi@Bnenmhemeping sppataiue fat assigning sgistof detigmmema taogt least

conprises: a summng unit for summng objective .
one FiRBIe-ote % G iBieates Hef- S8tet BT iR bS&nifhts to seid at
leasf&iid QRIES tandl hedeBiNg ThrdbAvh 86masald 4tdéastons saddiftes unMi Ng

reduced obj ective functions over said other sets

c orwherein s d eaTiENBYE NEHAGIAL 2PPREAEL OISOV de a second

Su | ] . . g .

coanrPRefy kbl P dhinh 13431 GRUNSs Mllfrory gf sld
satefiitei m 134, wherein said reduced objective functions

are cal cul ated by, excluding a contribution of said.
as i GAPRARISIHEIRT R PSS AP HEYRG A ROta e it and
a p%?%l?tyCQPteﬂgéH, NEhol & &G1eRS 8F %fﬂetﬁblural_i@%f TRaiRPPRpREFING an

. m 133, "wherein said predetern hed rejection )
assignmengmeoforinsbls dlyseideshialiteashitcobainmiaseted o ailacatipnsalong said

.137. The apparat 0 laim 13 wherei.n said at. | e .
i b s PRttt et ot BeelRppiube @ Sy lintSfF wia
plurBiQCES Gertid herddeCrepRBAL US p@bagdiidh norlsdi. saskldtecbatwaen Gwo

stochastic process is selected fromthe group
locatigns plong pjd #RISSINTI| at ed anneal i ng, tabu search,

i i ' ar.al :
O A 0T Ay G BT e i
plureligyi ofivkiesner ei n sai d at | east one gl obal
or GBS oD BPEAPLNE GPestaith A8y G GoRlgued to
obtHE LS BL&t a6 BFAGCAN ban YRSt LAutRMOF BEnddERNertices and

_consi sting etern nistic neural network process
beimgndharagierdede ity seanbottantiab ogtisnal 4dbjectiveafisictipn edefined using

respRth e o sr LGN of SoRReslIpAREL P gnent s tooat
| east one satellite, and a comunication unit, for

transmtting said assignnents to said at _
142,  The system of claim 141, wherein said assignment managing apparatus

further comprises a time window definer, communicating with said trajectory
determinator and configured to define, for each assignment, a time window at which

said assignment is performable by said satellite.

143. The system of claim 142, wherein said assignment managing apparatus
further comprises a discretizer, for discretizing each time window thereby obtaining a
plurality of time instants, respectively corresponding to a plurality of locations of said

satellite along said trajectory.

144,  The system of claim 141, wherein said satellite is capable of assuming

a plurality of orientations.



| east one satellite and receiving information from

said at | east one satellite; wherein said assignnment
wOoRwagsgd appar at us conprises: a trajectory  PCT/IL2006/000074

determ nator, for detepnining, for each satellite, a

trajectory of said satellitg;, a graph constructor, for

CONSHE kG, G 0L FR O S hl  PLL (Ob I A B

to fdfiteaddditionaf vateicds SSid SRR L Al hAther BudSHhiag B Nfertex of said
erformabl e said satellite while being |ocated at a

p )Y ; te \ ! ) :
2raph EGTPSSAL afisieEeIS sPEbImARgTEel tHRG instantensb@ieniatige offaid sptallite.
plurality of edges connecting two vertices of said
plurality of vertices, hence representing a
pr opémat The syders af dlasmt 1dk] wherehedtviesn ohevassignasint omsprises a
along said trajectory:. wei ght assigner, for
Cap{ugo ﬁ?%a%%alﬁle?fg‘ﬁeé‘?%l‘i‘%oar%i ght for each vertex of
said plurality of vertices; and a path optim zer,

suppl enented by a | ongest-path al gorithm and ]
confi#Gur dbe tsystedt efi ¢laim J4b.nwherein saad dmageapphehasantetizedtty at

tea M Bpeft Figsh RonCARNERLE i 8,f s ? size, an

envelopishape, de¢donfidnUs pdtity @8HeL hégiSsitier BBks of said
plurality of connected vertices. 142. The system of
claim 141, wherein said assignment nmanagi ng apparatus

fur gﬂ@.r gﬂ%&étéﬁ%f@?ﬁrgqﬁl,"@vﬁ&&‘ﬂ SRS ﬁ?'@ggﬁ?{%{aﬁﬁg‘f Aghratus

wi th said trajector eterm nator an
furthef icnmprifesra eastividagi gritrBmtsubdividing ateastommeatssighireht of the

sgi.d assignnment is perfor le by said satellite. 143.
ploley ob SIS Bie.d RIUGAIHY Ol FHr S IRDIRRG- assi gnment

managi ng apparatus further conprises a discretizer,

for discretizing each tine w ndow thereby obtaining a

pl ud4d.i t Fhosysiermef clsndAB swhereinpaist graph gonstnetes sorpdrable to
aerlely@e Rplb Rl g oA BN By Srg i SR e gl o

said satellite is capable of assumng a plurality of
orientations.145. The systemof c|laim 141, wherein
sai d°Yr aphe st ofclasn 1A%, whgieingaidassigamgnt mpraging apparatus
it vVer i of [.deqr 4 S .
fori s o IS Ror deft 6] BelnhB B TREP Shnet Utlbeion of
assigmmizntrahinong af 1e¢dstrewo rstigmhemsndsaid iaeidast itwn aofigsm@etts being

atellite. . . . . . .
per?ormalble by said satellite while being at a single state of the plurality of states.

151.  The system of claim 150, wherein said graph constructor is operable to

generate a vertex for each collection of said at least one collection of assignments.

152.  The system of claim 141, wherein said assignment managing apparatus

further comprises a testing unit capable of performing an accumulated resources test.

153.  The system of claim 141, wherein said assignment managing apparatus

further comprises a graph reducing unit, for reducing a size of said graph.



146. The system of claim 144, wherein at |east one

assi gnnent conprises a capture of an imge of a
w@e@deswnii ned area. 147. The system of cl ai m BABIL2006/000074

wherein said image is characterized by at | east one

paraneter selected fromthe group consisting of a

| ocatj on L Z e, : I -sh! Vi Wt D

P By R o S, RRFSRL AR grh PRI Vs Popable
of perfirmidglat, lessh eneiredistipg passign rreletteddrvay ithegerapp &patisting of

iy e P S ERpTmeelebPt e SBbLIoRy o asei gnnent

into a plurality of sub-assignments. 149. The system

of claim 148, wherein sai dw%raph constructor is . |
opel &bl e The syjésie pfctaim \pdy diereiih paid gEaPhsiGAUGRE i A papable
i i 3 - ' . T ,
of Gheiile Beifieth okt Srarlhe GRS ARETRetiche o () B bage
elimppdoatim fastieehstdompri ses a col l ection defner for
defining at | east one collection of assignnents having
at least two assignments, said at |east two .
assh gAMeMhs sﬁﬁén;ﬂ 6f BEfh P4 TR HeFeil ¥aid Phil o;pﬁhﬁékérlcbﬁl Whls:
being at a single state of the plurality of states. f1l
151a qutrg-rsiisusnfon defihiag and S0ringvh eeteil queryimtlys aph

constructor i1s operable t ner at e vertex for., each

col PbePeER e iR adetisiec for Cgulefing B vachtr- St of Sald set
of @&ct{-PBINE HnSobjcklive fifileGogyamtiem of cl ai m 141, wherein

Sai d assi gnnent managi ng_apparatus further conprises a .

t es&f pgdaiimgtunita perimagficablyr yndpting spid setaeicaneny-aethg using said
ohﬁaﬁpqﬁﬁaﬁnﬁeSt' 153. The system of claim 141, wherein

SO assi ghnment managi ng apparatus further conprises a

graph reducing unit, for reducing a size of said

graph. 154, The system of claim 153, wherein said graph
r ediéing Thasystgm © a{@aaﬂé%wﬁﬁsmfsaﬂﬁmn@@nﬁ PaRaginggpparatus

ﬁng-{ég g%};ﬂ&s RE QeRAY LRIt 36 RESREnd 4 A5 Jﬂ?ﬁeﬂzﬁ%&ﬂfgsr %‘rgl"@r&"sf)d}ﬂing

ngul ar nequal ity Treduction and’i r eddge
objettivd fuattioms. 155. The system of claim 154, wherein
said graph reducing unit is capable of alternating
bet ween said triangular inequality reduction and said
i nf @58.0r TREAQste & Bialh AB6I KheRkid kA afue¥epAtBSHIOBomprises a
156. The system of claim 141, wherein said path
magipt Fersituetos dppeoustyeting ajsmiae palk having 4 Brst dedexrind g second

inC%QPSL&BQBAtr&C}? gf‘o%'b oqfnogl%%/ fn%ﬁ‘})péléments characterized by a common

value of said first index corresponds to a query-path of vertices, said query-path

ending or beginning at a vertex being labeled by said common value of said first

index.

159. The system of claim 158, wherein said objective function is calculated
as a sum of weights of vertices corresponding to a respective group of said non-zero

matrix elements.

160. The system of claim 158, wherein each non-zero matrix element of said
square matrix represents a weight assigned to a vertex labeled by a value of said

second index.



an obj ective function cal culator for calculating, for

each query-path of said set of query-paths, an
wo@bjoemosiove function; and an updating unit, forPCT/IL2006/000074

dynam cal |y updating said set of query-paths using

sai d objective function. 16¥. The system of claim 156,

whergl N $Rd b B9 of BIABA 1 4 MBRRGENALARPRER WS shidd %mpnses a
conprises an output unit for outputting a |ist of

plugpliesr yf pratedliteapad dbe rsetspeh @ssa@nmt eaoniprise fa pharplifysof sets of
1 The S re|
assfgglﬂems iits eXsegy CR?T%{&H X 085 £ uc Of% %@élrgbag??{l%%f%gdwe
fundtiGGyadch thartehtlxsel aﬂasfs@nﬁleﬁtsﬁs?ﬁssb(ﬁdted withcbne ssetinad
i ndex, such that each group of non-zero matrix
el enents characterized by a common val ue of said first
' nd%(z.co*fﬁ@§ﬁsg%q%ftc?al e rfﬁ(ﬁl@%@n%hsﬂl el &Eﬁniz%rfjunit for
query-path ending or begi Aning at t ex ‘bel ng
optimadzigesdidplusiditydofcsetyrfimssigimentof said first index. 159.
The system of cl aim 158, wherein said objective
function is calculated as a sumof weights of vertices
COT [ 63 POMHE Behtdnd 0 Pclhid® PEL biéReigsa8 Bp%lzaﬁbﬁuﬁn@ Bor&Bfifs:
matrix el ements. 160. Thé system of clai m 158, wherein
each slmq:d a@tgmnmtsndmté‘ieerﬁmde@ﬂifym shared pasignvents, seid shared

repre SSI to.a vertex | abeled by a
ass ]?‘t?g%o a&“@é‘% lnhe&e f%(?fe thﬁ%leong’fg em of claim
1414 réflﬁlﬁfeew&ghh&t@inlh&@sfor akiag satlebiiteep@aopof gRSplarality of
plurality of satellite, and the sets of assignnent
0 Jé@merﬁ% iepspioufigiermipe gf relative wHishisel earhetdt scon’fammg a shared
s AR} EIOhERop SHLER Do hLAL kBl sria st
assematengendof assi gnnents is associated with one

satellite. 16 of claim 161, rther

cor e g iR LA YR i BB ih Gaiape if said
rel&t \}érv%lgﬁt%a@gﬁé GlpfedlerABRUIGERM S ritdifoh. The system of

claim wherein said optiimzation unit conprises: a

shared assignnents identifier, for identifying shared

e L renrE st ahdr BORRT6 SRR DPRRLS T DR R i

fordalqe)bgzﬁxlfg Qtale@?t dnerglotsil @QtlﬁhiiaﬁSﬂ@Eddeyﬁtoptfhétplv&ﬁh@foﬂ§é€s so as to
urality o
obtgin at least gne non-local optimum of the plurality of sets.

165. The system of claim 163, wherein said relative weight determinator is
operable to calculate a loss in a total objective function, said loss corresponding to
exclusion of said set containing said assignment from said other sets containing said

assignment.

166. The system of claim 165, wherein said relative weight determinator
comprises:

a summing unit for summing objective functions over said other sets
containing said assignment thereby to provide a first sum, and summing reduced
objective functions over said other sets containing said assignment thereby to provide

a second sum; and



objective functions to determne a relative weight of
each set containing a shared assignnent as conpared to
wa@rooowsroad | wei ght of other sets containing saPdr/Hizaecd0074
assignnment; and a conditional excluder for excluding
sai d assignnent fromsaid get if said relative weight
catiSflag. . . b . , ¥ 4
The SR BHERECRANIRE (i REh Siatdrh Sl Py o051
optim zation unit for applying at |east one gl obal
optj g zatjon process,.t he pluraljty of sets sq as to
obt i aThe Suder o i, o6 ceafroBRi s Gr ThesTise dvitiopy are
cal@flait€b$ exéllﬁéinﬁ E%nﬁ%%ﬁi@%ﬁai@és@ig%ﬁ@ﬁo%&@bﬁ]e@tﬁ}edfunction
relative weight determnator is operable to calculate
of said gber dets contaning sadjaestgnimant.f unction, said | oss
correspondi ng to exclusion of said set containing said
assignment from said other sets containing said
assi@lmelhe syGem Tdfe cRijtat €65, Ofvhededi Naidb predelemened $¢jbdlion
.relative weight determ nator conprises: a summng unit
critegipn s peleried sBIF ECHIYBIAFAKPSNs over said other sets
contai ni ng said assignnment thereby to provide a first
sum and summ ng reduced objective functions over said
ot h#d9. s elThe syatdmiofiiclagm 448 dwhsrsingaiteattiedsh ene plpbalooptimization
ide .a secorld sum anda subtraction unit for

pr ovi
PIOEERS CPAPEPF YRS UERBAS sum from sai d first sum 167.

The system of claim 166, wherein said reduced

obj ective functions are cal cul ated by excluding a

contfG.buithe sysemsefi daias $6% nancinf sashstecltistio ppavesy iseselected

fupction of saj.d other .sets containi,ng._sai,d . .
froig B o rdmcon SRl S Sy BEN RrBPlR e dR opeic, legrigp.
stoghfaiehairal mewo§irecdss Qi iy cogibirfioh $hei@lfect ed so as to

mnimze said | oss. 169. The system of claim 168,

wherein said at |east one global optim zation process

co se - . o e e

CPTPLS 908 A0S I 95068 o DR LR o
probess rohipeisey ndgieraansiis pionggsof  si mul at ed anneal i ng, tabu

search, genetic algorithm stochastic neural network

process and any conbi nation thereof.
172.  The system of claim 171, wherein said deterministic process is selected

from the group consisting of a deterministic neural network process and a gradient

search process.

173. A method of optimizing a plurality of sets of assignments respectively
characterized by a plurality of objective functions, each set of the plurality of sets
being associated with an agent and defined by at least one assignment performable by
the agent, the method comprising, for each assignment being identified as an element
of more than one set:

(a) using a respective portion of the plurality of objective functions for
determining a relative weight of each set containing said assignment as compared to an
overall weight of other sets containing said assignment; and

(b) if said relative weight satisfies a predetermined rejection criterion then

excluding said assignment from said set;



171. The system of claim 169, wherein said at |east
one gl obal optim zation process conprises a
wWa@lea0e/08G003 st i c process. 172. The system of cl aPer/I2806/000074
wherein said determnistic process is selected from
the group consisting of a geterm nistic neural network
P 085y BPtmiid R6d FRtaliREEH Sk B RGEFRentd /3. A Met hod
of optimzing a plurality of sets of assignnents
respectively characterized by a plurality of objective

fungciio agh set of t lyrality .of sets bei
nosbid o Do ERERASH o En Bl chimbrBpen il st one
globsi Dipgmieiibn pesckey toalkd fubity GfseagOns to bh@inR1da8one non-local
nprising, for each assignnment being identified as an

co

optgpwhehthegiualiyoliselin one set: (a) using a respective
portion of the plurality of objective functions for
determining a relative weight of each set containing
sai t75as sTignmetitodas daimpdry duttherasongyrisirg) tepedtinghdaidbteps (a)

of her, sets.containing said assignnment; and (b) if said
andr@?ﬁ?ﬁlg/@d%rﬁﬁtre@‘glw]ﬁ%?na predet ermi ned rejection
criterion then excluding said assignnent fromsaid

set;thereby optimzing said plurality of sets of
assl e mettipd, of THamMETh duirthdr eoinzpirising7@pedtingt st steps (a)

and BTRBLEAREof R ¥aER o B Rt e Sl ot "

| east one non-local optinmumof the plurality of sets.

175, The method of claim 173, further conprjsing . )
r epEHt i niiss arcibed @b clam 143q whesein spidlg dafermining, &z relative

. i i ri i 1 . od.: . | ai . 3, .
el SRS IGIAN, o) 6, 1D, TP gl Mg i, v
corphpomgliig tp extlusiones saidaethcdntaiming shidgssgathéfter@ntaid other sets

rej.ect i.gn criterion. 177. The method of claim 173,
Con\tlﬁ’\}é'f‘%?ﬂ &MY er ni ni ng sai d rel ative wei ght

conprises calculating a loss in a total objective

function, said | oss corresponding to exclusion of said

set 1Bont Bhavinpdpod aif dlazms 47§ rmieereinfsaidmabailafingtshidrlossetomprises,

c I A ald assignment, 178. The nethod of clai
suf b AP Te Ao B SR g B pob e ol sieaef Bercoy
pro®idiny BYiebises! isv@nfith 6EdieBs dDyRLive FusktRihE &veS @bl other sets
cont ai ning said assi gnnment _t hereby
containing said assignment thereby providing a sécond sum, and subtracting said

second sum from said first sum.

179.  The method of claim 178, wherein said reduced objective functions are
calculated by excluding a contribution of said assignment from each objective function

of said other sets containing said assignment.

180. The method of claim 177, wherein said predetermined rejection

criterion is selected so as to minimize said loss.

181.  The method of claim 180, wherein said at least one global optimization

process comprises a stochastic process.



providing a first sum summ ng reduced objective
functions over said other sets containing said
was@ogsmeent t hereby providing a second sum anpCT/IL2006/000074
subtracting said second sumfromsaid first sum 179.
The nethod of claim 178, whgrein said reduced .
obj ePgZ.VGTﬁéJHﬁ%Hoﬂrbsf Cfﬁ&ﬁl ‘f@i,%éi‘éiﬁdsaﬂy stESEHAbRREA is selected
contri bution of sal'd assignnent from each objective
fromnthei goupfeossistthgoohemdatd avoerlimgniaby seaichh, genetic algorithm,
ta%%i%nmentl. é§0 The rretdhod of bcl ?i n} 177, wherein said
StRPREES AT AL STk PRSI A cRpPBRIPR tetiofct ed so as to
mnimze said |l oss. 181. The nethod of claim 180,

wherein sajd at | east_ one global optimzation gr ocess

conpt§3sesThe meded of clagm d8bcwbyeingald atfeashprnglgbalfoptimization
[ : IR -Sai chastic process is selected
p@f%lr%%%@ﬁa?%%g@nﬂgﬁgdtﬁﬁé&gf si mul at ed anneal i ng, tabu
search, genetic algorithm stochastic neural network
process and an onbj pati on thereof. 183, .The net hod
of ol%hm 1‘%61@6%@&3}3 Ira 458 vferein ged dsteemgigigdiocess 1s selected
QR th Z&h) BOhsRi il EWBHD pRdd i
DS 8%, ShsRARE R, (ATRLPAET rBudEhEWE bRl and g gradin
sedeshaodass.sti ¢ process is selected fromthe group
consisting of a determnistic neural network process
and a gradient search process. 185. The nethod of
cl ai pgsl73ThyheRiRdfeRE 199 eRhereth &RRABER iPEapaBRWTaREInfing a
plurali té of states, wher eby different assi gnnment s of
plyradigy ofisiatssi whergbxvifferendiagsigiyaents 0bersek ppeiated with said agent
' tq: j ent. 186. The net hod of
c%eg) %ﬁ@&lﬁﬁtﬁzﬂtﬁg?ﬁgdgaégﬁf is a satellite. 187. The
met hod of claim 185, wherein the agent is an aircraft.

188. . The t ho f cl ai 85, wherein the agent is a
readttfy h %mrc&ke of Flg gk %hféﬂpﬁ%ﬁcaegewsgsa’%ﬁﬁ?-y

medi um 189. The nmethod of claim 186, wherein at | east
a few states of said plurality of states describe a

t r aj &% or Yhomethail df slatne 1 Bf twherdig @he dgeat ivehodralif cl ai m
186, wherein at least a few states of said plurality
of states correspond to different orientations of said

sat e{4g.t eTRE mdthold 'FlcldiCHS, GRerein the agent is a reading head floating

over a surface of a memory medium.

189.  The method of claim 186, wherein at least a few states of said plurality

of states describe a trajectory of said satellite.

190.  The method of claim 186, wherein at least a few states of said plurality

of states correspond to different orientations of said satellite at a first location.

191.  The method of claim 186, wherein at least one assignment comprises a

capture of an image of a predetermined area.



191. The nethod of claim 186, wherein at |east one

assi gnnent conprises a capture of an imge of a
w@e@dos®nii ned area. 192. The net hod of cl ai m 1BAT/1L2006/000074

wherein said image is characterized by at | east one

paraneter selected fromthe6group consisting of a

| ocat$n, The siwethod ahclaiy dloopehsiRipPenid dmags O thidralerizd by at

priority and an_acquisition type. 193. 'Iz‘ge t hod of |
leaptaplfi PAEMEr, 1oRGHed: SRpr hei AtPURSKINgHIAG o4 3 decagen, a size, an
eidfd r : : Lating said set

W t ﬁﬁgg?ﬂg’ gg%s%%@@%&lﬁ@% a%g%g%%éf cla ?n 193, wherein

sai d assigning said set of assignments conprises:

cons ct a_drap ayvin lurality .of vertices

and 15T LTP B HaT R " Bplb hntiSag BUERGE s set of
aplgnidnistty eadh apent theRsy ﬁ@l@&ﬁﬁﬂ? tdid Get AVitARSd SHRENt

performabl e by said agent while being at a respective
state of said plurality of states, and each edge of

sai dygl ur ghd tye degﬁec?aiﬁPr‘l@ﬁ‘?tm&e&‘“@ame%géﬁ@?ﬁ Olaid set of
said plurality of vertices, "hénce representl gga
assigan®intsicomphistaneen two states of said plurality of

states; assignin rredet er m.ned.  wei.ght for each
ver t EXEBROEE B é’fafvinigya I ?fpwlg%sn@du% mﬁgaﬁty of edges,
edcANERRk -dTahit g{uﬁ&{’]@ L ReftRks %Hr@dleﬁﬂiﬁhggx? a?:%%ﬁnaﬁg{grﬁ)ﬂhgble by

graph, said aving a plurality nect
sapé pgant adila bdingeit agesphetrectate pf eadd plpralitg b stewatandleach edge of

Emak. ol ective function defined using respective
Sa\%gitl%%?igyo& LY IMUFERE (Oo¥e %eﬁn%ciaé p@g?]ftyccggYertlces, hence
rephsemibig AgaisPiont@twRnsab dtab@lkaiad phehligforagssgnment s

represented by said plurality of connected vertices of
sai dAieaps, o pisgetermacatckabd forf cagh aerie oftsaid phudléy of vertices;
afgPPri si ng subdividing at | east one assignment of the

plurality of assignnment into a plurality of
sub- eing ghoregestspatii Skorifine foredthaidingfa sdtRioRerlAEd BRI Qlid path

i &b £F o Sut el PR AR Gpmeasiehrg v oy Sofubstantial
oA SShjearRNEmctidd Uefilde dgﬁggh%%&fﬁv |\%ighé9§f fséiuffﬂ‘ﬁ%{my of

conprising defining at |eas collection o
coanestehvRstiess: havi ng at | east two assignments, said at

| ea i gnnent s .hei ng, performabl e by said agent .
uni 1Ry AR SRR ﬁadiq Pl oo 0 RSBGPS TopiPsefisd by said
platabityesi. connected vertices of said graph.

195.  The method of claim 194, further comprising subdividing at least one

assignment of the plurality of assignment into a plurality of sub-assignments.

196.  The method of claim 195, wherein said constructing said graph
comprises generating a vertex for each sub-assignment of said plurality of sub-

assignments.

197.  The method of claim 194, further comprising defining at least one

collection of assignments having at least two assignments, said at least two



198. The nethod of claim 197, wherein said

constructing said graph conprises generating a vertex
wo 0006083 col | ecti on of said at | east one col | PCT/II0060§00074

assignnments. 199. The nmethod of claim 194, further

conprising performng an acgqnul ated resources test.

i . . | 4 e

oS aamo i Sptohals B Sl Send IR Deif o o SEUR BT the
plofaligaeftbtdtengest - pat h al gorithm 201. The net hod of

claim 199, wherein said accunul ated resources test is

per f ormed cont enporaneously with said use of said

| ongBsy - pakd) BB | $thBlin? OB)7, THEerBR! BAEH 8dnsthididp 38d: graph

further conprising reducing a size of said graph prior
comprisgs gengrating a sgrtaX |fonepsht coplactiprapfyeaid tahdeasp0Be caliestion of
zmgﬁﬁﬁﬁgm°f cl ai m 202, wherein said reduction of said

graph'is effected by at | east one reduction procedure

sel ected fromthe group consisting of triangular

ineqﬂg%it reduction and inferior edge elimnation. .

204. Hhe hogthef Of arkgim 0394, Jpith@r coBwpising mgrforming an
acdl ﬁkﬂ%ﬁ%&ﬁmﬁ%&&ﬁ?n said triangular inequality

reduction and sald inferior edge elimnation in an

iterative fashion. 205. The nethod of claim 194,

wherein saj d | gngest - pat | gori.thm conpri ses; storin .
A st B pesat el B, o e R e Spuees s i
perRikmed sesGIERAY RS said abeatl sald 108 AN pARIaRfLHIMS. function

and using said objective function for accepting or
rejecting an additional vertex and an additional edge

to {{d - patsh ' I t said . .

L, T S Mo 05T S8 RSB, bty Bl i
pdrfviinbe cotemipoiagengly With sdidl ued of sariieaidsbpathialgbrithm.

dynam cal update of said set of query-paths. 207. The

met hod of clai m 206, wherein said obtaining said path

co es n [ . - ) .

query Zoat FERABHder QRBTOR SefE o@hor i JeBhl'y Bz of suid
grapinptioran saidQBe o kedd hatobaiabatif algdrithm, 206, furt her

conprising issuing a report having a list of

query-pat hs and correspondi ng objective functions.

203.  The method of claim 202, wherein said reduction of said graph is

effected by at least one reduction procedure selected from the group consisting of

triangular inequality reduction and inferior edge elimination.

204.  The method of claim 203, further comprising alternating between said
triangular inequality reduction and said inferior edge elimination in an iterative

fashion.

205. The method of claim 194, wherein said longest-path algorithm
comprises: storing a set of query-paths; and, for each query-path of said set of query-
paths, calculating an objective function and using said objective function for accepting
or rejecting an additional vertex and an additional edge to said query-path, thereby

dynamically updating said set of query-paths.



209. The nethod of claim 205, wherein said storing
said set of query-paths conprises constructing a
W@ owangonat ri x having a first index and a secopPdI/inde00074
such that each group of non-zero matrix el enents
characterized by a comon yal ue of said first index
COT 5§53 POTRS ricthod AW 3L Rurfler ¥6Mbt i8S 1t615aﬁ'vgly repeating said
query-path ending or begihning at a vertex befng
dynaatied] opdasy obsdidisd ofimaerywathse of said first index. 210.
The nmet hod of claim 209, wherein said objective
function is calculated as a sumof weights of vertices
Cor p@5poThe A@ttod ¢f dl&iBPRAE, wiRrdh aid dhitaifiagGaldophtiz @6@prises
matri x el epents. 211. The nethod of claim 209, wherein
selechipg HeyH- %ﬁ etaf qustyarasife At usFy-gaiidh %@&a@eswbaiamlaé optimal
: a wei ght assigned to a vertex | abeled by a
objégcﬁfggﬁgﬁfogal d second index. 212. An apparatus for
optim zi ng a plurality of sets of assignnents

res I erized lurality of objec |ve

f ot onthe et it ks agthst sl e iSub aehag having a
hﬁ%ﬁ%ﬁ&&%ﬁﬁﬁe%hkbné@oﬁ&ﬁgbbﬁB@wﬁﬁ&hﬂﬁﬁ by at |east one

assi ghment performabl e"by the agent, the apparatus

conpr|3|ng a shared aSS|gnnents identifier, for

i de said, shared

oo PP rBURCSt R AP EieRin SR SR set L apspspetts
cor@plﬁses ebastidctigg alsipvee mwh haxdﬁg grivktniater addi setdhd @ndex, such

%ﬁgectlve portion of the plurality of objective
that garhgrelpsok Bpngesre msiiee am%ﬂs shargeteiiggdghit 2 gepmmgr fyakstof said

first %&%{ %Hgs;%ﬁﬁb atg)eoﬁtﬁl%hggﬁﬁnbf % QP& d%ﬁegy gﬁth e%dmg or

over ets con alﬁln
beghinsing mnevmtexanmgdahﬂd)my sabdhednuexn valde bf fad fiest ddedi ng
said assignnent fromsaid set if said relative weight
satisfies a predeterm ned rejection criterion. 213.

Thex pppatad Wk o cBlim D2 whbMid Qﬁ’d o&@@ﬂ?vre' ﬁh&ﬂ)n i€ calculated
gl obal optim zation unit for applying at l'east one

as gbmnaqf vepglitariof atitioes prruspeElingic hecspedivalgroup of sasdnen-zero
ma ?ﬁ Q[ obtain at |east one non-local optinmmof the
%)ﬁ 3?’?1}9 of sets. 214. The apparatus of claim 212,
wherein said relative weight determ nator is oper abl e
to calculate a loss in a total objective function,
sai Al1.0s%he mathashohaiaky 208, ssheteirs cerh Bon-gesp dnafeix element of

said QﬁLEa?é Hfaﬂg( ?e?ke%eﬁ?ﬁ'v%?&ﬁ%séﬁe%@o aa{feq'te%tl%erledsg}g 3 value of said

second index.

212.  An apparatus for optimizing a plurality of sets of assignments
respectively characterized by a plurality of objective functions, each set of the plurality
of sets being associated with an agent and defined by at least one assignment
performable by the agent, the apparatus comprising:

a shared assignments identifier, for identifying shared assignments, said shared
assignments being identified as elements of more than one set;

a relative weight determinator for using a respective portion of the plurality of

- objective functions to determine a relative weight of each set containing a shared



assignnment. 215. The apparatus of claim 214, wherein
said relative weight determ nator conprises: a sunm ng
W@ 2006/080003 sumri ng obj ective functions over saiBCDIL2006/000074
sets containing said assignnment thereby to provide a
first sum and sunm ng rediiced objective functions
assigi@entsad dorapdred t¢ @hsoveal fielphd ®fsahd @R&St@nEBiHg said shared
thereb Jo provi de a second sum and a subtraction
ass%ﬂ‘in?ntF%‘? subtracting said second sumfromsaid first
Su . . . . e n | . .
eduC Rl Cx RRa B SRy, M BBy s s i seld
relatixe aighhsptisficsompreddemniioed wiectian drisishgnment from each
obj ective function of said other sets containing said
assignnment. 217. The apparatus of claim 214, wherein
saixl 3pr efiet fBiaAR b @ABCD 12D Fukhdrt RbiRRideS 2 DRRE LEEMSAtion
.as to mnimze said | oss. 218. The apparatus of claim
unitfoy appifiegdit feastong slebal eatimizstien grasisss todhe phiradily iofsets so as
.S ' +219. The
to ol e B PPl Sy R S BURUBT BB 1
process is selected fromthe group consisting of
Si %l at anneal i nq%, t.abu search, genetic algorithm.
st ddfast 1e WeaEs Hdelaiy 2 voeedn saddelatiye weiebt Aeterainator
is ofgl 189 caldlte aF- 148s ?‘PQ AL dFeive FriiBh2dRd 104 %5&&%03&3'[1@ to
t least one gl obal optimZzation process conprises a
exclasioarafisaidstet corgainmgswid 281gnnikne fimppsuidivtier oéts cbataiming said
.220, wherein said determ nistic process is selected
aSSlin’IB?Htt he group consisting of a determ nistic neural
network process and a gradi ent search process. 222.
The apparatus of claim 212, further conprising, an
asA1§ni nigrewapperatusrof sdamghlidn gvhareie saidfrelaivd waiphbhtstefginator
com%?i%&- agent, thereby to associate said set with said
gent. 223. The apparatus of claim 222, wherein said
ass gumngng nirdit dONBBEss 6bjectbRh fgRAshd WP Isaid Mther sets
constructing, for each agent, a graph having a .
contgining spidyassiEngpent fheesbyaipdprevisleus %ll'ﬁft furpf ardh gemming apruced

objeta¥d EcAbnSe shli Witk sb¥ Bhtalid 558 dssignment thereby to provide

a second sum; and

a subtraction unit for subtracting said second sum from said first sum.

216.  The apparatus of claim 215, wherein said reduced objective functions
are calculated by excluding a contribution of said assignment from each objective

function of said other sets containing said assignment.

217. The apparatus of claim 214, wherein said predetermined rejection

criterion is selected so as to minimize said loss.

218. The apparatus of claim 217, wherein said at least one global

optimization process comprises a stochastic process.



representing an assi gnnent perfornmable by said agent

whil e being at a respective state of said plurality of
wGe@besn0oand each edge of said plurality of edp@BIL2006/000074

connecting two vertices of said plurality of vertices

hence representing a transggti on between two states of

sai g pl upal it S ' i CRAREE prdc@Es is selected

as hi %eaap r“e&‘gjé*"t"zf{r"?h&‘ﬁ?dl 8\%@%#16?&%%€§%g%% vgrt ex of
fromaihe @by abidistingf o eintuilated ;anaending, prouhsesyshi grpeiic, algorithm,

supplenented by a | ongest-path. al.gori t hm and
stochgpitd puEa Tl BEOLETT aiaﬁ‘ﬁf' ¥° ?é]ialﬂgrép't?reé)?‘]aph, wher ei n
said path conprises a plurality of connected vertices

and bei ng characterized by a substanti a \oﬁgt' mal bal
obj 220 i VEhd apphiatys oéf ¢laiee 2, nyheiskh eeid ftgRpe gebe

sajd.plurality of. con ertices. 224. The
optHRFAR RISCHF c%@ﬁ??ﬁsfé%?&éjﬁrﬁ%tﬁce@%%?fpri sing a
subdi viding unit for subdividing at | east one
assignnment of the plurality of assignnent into a .
pl uRal.i t hofappustugsel g0, 2‘?13?”1%\??%ﬁ%&elr’gfrﬂglcoprocess 18
clajm a2, wher el nsfl.d ARG Mk etworRRROdk @nd a
Sel?%ecggﬁg}‘ eegrgﬁggp Sé% o?fgﬁeglg HSub- assi gnment ogﬁgai d
grdaliéﬁtgéa}d}ypr@éess,ub- assignnments. 226. The apparatus of
claim 223, further conprising a collection definer for
defining at | east one collection of assignnents having
at heast g YFRMiSy 2 Bai et dog@sisingyvan assigning unit for
assizg%rrerﬂl[?lg%gg%%g performable b saiﬁgﬁagent whj | e th said
asdigiing aatt of assipphentstfar eadsf agenbk t%qrabsarq pspogpte spidh sed with sal
227. The apparatus of claim 226, wherein said graph
age¥nstructor is operable to generate a vertex for each
collection of said at |east one collection of

assi gnnents. 228. The apgar atus of clai.m.223,. furt hers_
conpZBsi Ageappaetus ol ClaHT L2 WaBFIE Seif A5UEHIBE HUH §ORRISeS:

accunul at ed resour, . 229 R v Juralit
L S AL E kg R o Apagatals o pult
off Pertit@dusd N phuralide odfedges, deaghapértex28. saith ohuplitar af yeprtices

of claim 229, wherein said graph reducing. unit i .
B L T
‘ it € 16 QUEh E@RShS ki HI@hlifyT dfasges @onnecting two
Off%%é‘géféﬁ?@%@ O?g{d%%f iagn and ?ér]é?eri orq_)edge@el_i_m nati on.
veRiddes of bfid abpalitxtafyedices heiomre@esenitng A djapsigan hetgresp fwo states
reduci n unfj t i s capable
of said plurality of states;
a weight assigner, for assigning a predetermined weight for each vertex of said
plurality of vertices; and
a path optimizer, supplemented by a longest-path algorithm and configured to
obtain a path over said graph, wherein said path comprises a plurality of connected

vertices and being characterized by a substantial optimal objective function defined

using respective weights of said plurality of connected vertices.

224. The apparatus of claim 223, further comprising a subdividing unit for
subdividing at least one assignment of the plurality of assignment into a plurality of

sub-assignments.



of alternating between said triangular inequality
reduction and said inferior edge elimnation in an
WO c@ragiove fashi on. 232. The apparatus of cl ai PERE2006/000074
wherein said path optim zer conprises: a query-path
unit for defining and stordong a set of query-paths; an
0bj226t i VEhef dppatati@rofeidifl2al @hefel! satd@bph @bhtﬂﬁmtofr% operable
each query-path of said set of query- glat S
to oEprale @ VeESE gm@@%w b-assignment gfsatd Muralivy af sub@smgnments
dynam cal | y updating said set of query-paths using
sai d obj ective function.233. The apparatus of claim
23226f urkteeppewimsrifsilaig 223, ﬁu‘tlxeut:ompﬁiﬂing arcobedtioutdefiner for

et togeor ST o s s ORI PR 599 soupi e said a
leass BvdlagiiiBienBUdingd ok ABRYySAR] @geﬁa%né beAR! Sth eﬁfg&r tate of

for constructing a square matrix having a first

the plyeplity eletigiagl i ndex, such that each group of non- zero
matri x el ements characterized by a conmmon val ue of
said first index corresponds to a query-path of

vericesThespbaratisefyiapat I centlbrth @id @@Ph @Bhdﬂlﬁhcﬁ)tr 1saoperab1e
vert ex belng | abel ed by said conmon val ue of sa
or

to generale ajvgeexforzach COfrHéﬂ%@faﬁaéi atdeast onel ogllgetiamnt a@mmeerﬁs
sai d objective function is cal culated as a sum of
wei ghts of vertices corresponding to a respective
gr @ép. ofltsapgaratis-of elatm 288 r fiihel iipnisihg a2A3&ing kit capable of
@ ratus of cl |m234 wher ei n each non-zero matrlx

ber ﬁﬁ‘ﬁﬁﬁfl%‘fuﬂ%ﬁf‘t& IGUCES s ri x represents a wei ght
assigned to a vertex | abeled by a value of said second

I ndex.
229.  The apparatus of claim 223, further comprising a graph reducing unit,

for reducing a size of said graph.

230.  The apparatus of claim 229, wherein said graph reducing unit is capable
of performing at least one reduction procedure selected from the group consisting of

triangular inequality reduction and inferior edge elimination.

231, The apparatus of claim 230, wherein said graph reducing unit is capable
of alternating between said triangular inequality reduction and said inferior edge

elimination in an iterative fashion.

232.  The apparatus of claim 223, wherein said path optimizer comprises:

a query-path unit for defining and storing a set of query-paths;

an objective function calculator for calculating, for each query-path of said set
of query-paths, an objective function; and

an updating unit, for dynamically updating said set of query-paths using said

objective function.
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233, The apparatus of claim 232, further comprising an output unit for

outputting a list of query-paths and corresponding objective functions.

234. The apparatus of claim 232, wherein said query-path unit comprises a
matrix constructor, for constructing a square matrix having a first index and a second
index, such that each group of non-zero matrix elements characterized by a common
value of said first index corresponds to a query-path of vertices, said query-path
ending or beginning at a vertex being labeled by said common value of said first

index.

235. The apparatus of claim 234, wherein said objective function is
calculated as a sum of weights of vertices corresponding to a respective group of said

non-zero matrix elements.

236. The apparatus of claim 234, wherein each non-zero matrix element of
said square matrix represents a weight assigned to a vertex labeled by a value of said

second index.



