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APPLI CATI ONS [ 0001] This application clains the benefit of U S. Provisional
Appl i cat iwo 2biw/126886 169, 570, filed April 15, 2009 and en®Criusdor0@sypt ex
Situation Analysis and Support,”™ and U. S. Provisional Application No.

61/ 323,748, filed ril 13. 2010 and entitled "Situatjonal Analysis
System® both of v EVIERSERY ARG anAda SIS S TN Balkarauno

[ 0002] The present disclosure relates generally to the field of conputer
science. More particularly, the present disclosure relates to conputer
nodel i ng of i nt efaeidcORsE E”H:)tli]ﬁ{ﬁrﬁﬁtlﬂ&fﬁ\ﬁ A[P?%(Ii)é Tf&BuUt er - gener at ed
nodel s are frequently use O replicate various rea Ife Scenarios. Such
nodel s, for exanple, may be used to nodel traffic congestion in a

parti cul[@00Hr eBhislapplivgtien ¢ainis thetbarefit bfie. HPrakdyiondlUsi ppdicitivaesido.nodel s,
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repl i catygd-U.S. Provisional Application No. 61/323,748, filed April 13, 2010 and entitled

“Situational Analysis System,” both of which are hereby incorporated by reference.
BACKGROUND

[0002] The present disclosure relates generally to the field of computer science. More
particularly, the present disclosure relates to computer modeling of interactions among
multiple entities.

[0003] Computer-generated models are frequently used to replicate various real-life
scenarios. Such models, for example, may be used to model traffic congestion in a
particular area during a particular time of day. Using these models, researchers can estimate
the effect that a change in certain variables related to the models may have on the outcome
of the scenarios being replicated.

[0004] Computer models may be limited in their usefulness by various factors, including
the availability of information with which to construct the network underlying the model.
Social contact networks are a type of network representing interactions between entities
within a population. Large-scale social contact networks may be particularly complicated to
model because of the difficulty in collecting reliable data regarding entities and social
contacts within the population. Some social contact network models have addressed this
difficulty by utilizing only small data sets in constructing the social contact network. In
some types of network models (e.g., the Internet, the power grid, etc.), where the real
network structure is not easily available due to commercial and security concerns, methods
have been developed to infer the network structure by indirect measurements. However,
such methods may not apply to large-scale social contact networks (e.g., large

heterogeneous urban populations) because of the variety of information sources needed to
build them.



[ 0004] Conputer nodels may be limted in their useful ness by various
factors, including the availability of information with which to construct
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includes a plurality of synthetic entities. Each synthetic entity has a one-to-one
correspondence with an entity in the target population. Each synthetic entity is assigned one

or more attributes based on information included in the input data. The method further
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conprises receiving activity data for a plurality of entities in the target
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from at least two distinct information sources. The synthetic data set subsystem is

configured to modify the synthetic data set based on the additional data. Modifying the
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[0009] FIG 2Aillustrates a flow diagram show ng the flow and structure of
I nformation using the situation analysis system according to an exenplary

enbodi merwO 2p00R0§46F1 G 2B il lustrates a fl ow di agram ofPCa/ysc@oms®st hat may
be used by the situation analysis systemto construct a synthetic

popul ation, according to an exenpl ary embodi 011] .FIG 2C
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enbodi ment. [0012] FIG 2D illustrates an exanpl e of the flow of
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FIG 4A illustrates a flow di agram showi ng an exenplary data retrieval and
br oker spawni ng process that erforrred tl%Y t he synthetic data set
subsystem according to %E@x@ @%Qgﬂﬁ@ﬁ GUB&P5] FI GS. 4B through 4D

illustrate three exanpl e broker structures showi ng different ways the

synt het i i t t | b
80?53 FreeLY if Ye%taﬁ zaﬂéﬁah Pér?fbr a%‘itﬁét'f@% a{n‘a&sifé%g&gm 5&%%3% agr am

accordin an exenpl ary e |rren 0016] HFIG 4E 1l trates a
of a cornbrokxshplagtamepdiméat i ng to a managenent nodul e of the synthetic
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using the situation analysis system, according to an exemplary embodiment.
[0010] FIG. 2B illustrates a flow diagram of a process that may be used by the situation
analysis system to construct a synthetic population, according to an exemplary embodiment.
[0011] FIG. 2C illustrates an example of the flow of information described in FIGS. 2A
and 2B using the situation analysis system, according to an exemplary embodiment.
[0012] FIG. 2D illustrates an example of the flow of information that may be used to
allocate spectrum, according to an exemplary embodiment.
[0013] FIG. 3 illustrates a hierarchical block diagram showing components of a synthetic
data set subsystem of the situation analysis system, according to an exemplary embodiment.
[0014] FIG. 4A illustrates a flow diagram showing an exemplary data retrieval and broker
spawning process that may be performed by the synthetic data set subsystem, according to
an exemplary embodiment.
[0015] FIGS. 4B through 4D illustrate three example broker structures showing different
ways the synthetic data set subsystem may partition information using brokers, according to
an exemplary embodiment.
[0016] FIG. 4E illustrates a diagram of a control structure relating to a management
module of the synthetic data set subsystem, according to an exemplary embodiment.
[0017] FIG. 5 illustrates a flow diagram for a process that may be used by a population
construction module of the synthetic data set subsystem to create and/or modify a synthetic
population, according to an exemplary embodiment.
[0018] FIG. 6 illustrates a sample user interface that may be utilized by a user to interact

with the situation analysis system, according to an exemplary embodiment.



construction nodul e of the synthetic data set subsystemto create and/or
nodi fy a synthetic popul ation, according to an exenplary enbodi nent. [0018]
FIG 6 ilwozbreazestca sanpl e user interface that may be ®CIIUS2&d/0Bopsa user
to interact with the situation analysis system according to an exenplary

enbodi nent. DETAI LED DESCRI P [.ng generally to the
Fi gures, a situation anal ysi ﬁé@giﬁgﬁsﬁl{g&%@ml ng conpl ex systens is
shown and described, according to various exenplary enbodi nents. The
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is not individually identifiable (e.qg.,. for anonym ty and/ or security
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regardin cti ns bet ween synthetic entities that are nenbers of the
synt het it 8@%%%5 Ao or apQBY RN R T tecHE P CRRSDAN s Mer 6 LgdHBfate a

soci al GQRiRE Ent&@@t‘i’&rslfrueﬁlreg -and PEIYRRE L. gd s@ﬁstﬁagﬁt‘%ﬁmlei)‘%ﬁﬁ&sﬁf&{ ng a

situation "asSociated with the experinen can in'turn be used to
anal yze mipfifagpe ate pumer\adomﬁlaaﬂydth@bupsméatmfn Mlsanattdmaatnakmy spgcmmagle i n

relation tp the. ex ri eS|t t|o SISS tem ow a
Leer 1 o ko Rt IR TEDv ot odh 58 DRl AR Rer el R T aShs
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formed by the interaction between infrastructure el enents and the novenent

pat t er nsscbfandgtused tsganarathesqsrd gpriestantvoirki(@gerapsesented as a graph)

representing a situation associated with the experiment, which can in turn be used to analyze
different decisions and courses of action that may be made in relation to the experiment.
The situational analysis system may allow a user to efficiently study very large
interdependent societal infrastructures (e.g., having greater than 10 million interacting
elements) formed by the interaction between infrastructure elements and the movement
patterns of entities in the population of interest.

[0020] Referring now to FIG. 1, an organizational chart 100 for a situation analysis
system 102 is shown, according to an exemplary embodiment. Situation analysis system
102 is an integrated system for representation and support of complex situations. System
102 is configured to construct a synthetic data set including a synthetic population
representing an actual population of interest and utilize various data sources (e.g.,
surveillance data, simulations, expert opinions, etc.) to construct a hypothetical
representation of a situation. System 102 can then use simulation-based methods to
determine outcomes consistent with the hypothesis and use the determined outcomes to
confirm or disprove the hypothesis. In various embodiments, system 102 may be
configured to create representations of a situation (e.g., involving a large-scale urban
infrastructure) involving a large number of interacting entities (e.g., at least ten million

interacting entities). In some embodiments, system 102 may be scalable to represent
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[0020] Referring nowto FIG 1, an organi zational chart 100 for a situation
anal ysis system 102 is shown, according to an exenplary enbodi nent.
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representation of a situation. System 102 can then use sinul ati on-based
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may be 'vgmb.% HeREo R 05 AR RH oBRPGidl GUPEL! QBN AR RANBIHE bAge( " HPCY)
systens (e.g., a group of two or nore conputing systens arranged or
connect edioidn Ia fadthes embotimmanespounder inoecreeapedemtooPiytsiony ] (Pomey pe adaessidoe

enbodi nent s, stem 102 .may be inpl enented on architectures including
50,000 10 THBTS SR eRr A Gy 65 B BRI S0 RO Ry S wpdrmiheisd on
Wi de- ar eanaRineitK (RaeesildichilMuhRmh &R BNERAHA-GRAre MdChe 8 nfohe
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system 1082218YInuhd dch®ldh@nlbe@rhdn@bf PIG. LINGinghtigh addl ydevysen 102 Grs@aivh i@ t he

desired situation representation. [0022] In the exenplary enbodi ment of

FIG 1, is¢lpdasaversl apaysiemns Symhetie of Bubshigom 106 iy epeifignecdde gensauct a

subsyst > | - i i .construct a
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that, 298000 BT BHRERROMLTRER Gk NPy NERbEnRARUIALL AR

represent other types of popul ations, such as other Tiving or Isms (e.g.,
i nsect s,pophiativs magtrepryscot othbi typtssof(pepylationse iahl s thonilivelgesgancomnierd.cat i on
devices,. etc.). Synthetic data set.subsystem 104 nmay.be used to represent
popul at i BHES; mufftﬁgomm B SIS oY HAIFY ORLEST BB TR S et hot | ng
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surveillance information froma variety of information sources (e.g

sur vei | 15aAEes W@ized g copstryetingribe reprprentation may ba slepedgntupos thqg@ation cr eat i ng
and/ or qgﬂ%g gﬂge&he synthetic data set. The data may be received from both
proprietar %E. ., commercial databases, such as

[0023] Surveillance subsystem 106 is configured to collect and process sensor and/or

surveillance information from a variety of information sources (e.g., surveillance data,
simulations, expert opinions, etc.) for use in creating and/or modifying the synthetic data

set. The data may be received from both proprietary (e.g., commercial databases, such as
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those provided by Dun & Bradstreet) and publicly available sources (e.g.,
gover nnent dat abases, such as the National Household Travel Survey provided
by the Buweaonionf2o8isansportati on Statistics or databasesPpraseaded3yg’t he
National Center for Education Statistics). Surveillance subsystem 106 may

be used fo integrate _an r classify ta re ved fromdiverse i nformati on
sour ces El%seg)rowgvﬁem@uﬁ 3@88#8%%1 iy %@ﬁ@m& a C-&p ERRMNERSt | on
schenes dé%a%@sésnsu%ﬁﬁbtﬁéq\ldtfao%ﬁl&ﬂ;eﬁ&é Tehel Sﬁﬁv'ef rc(v@d&b tRapaseaglogssi fiers,
classification and regression trees, princi onents anal ysi s, support

vect or nEemipegstiorcHtakstiss iondataleses prorvr@yd be thﬁs@dldmyl sentehor Edne¢iogubsyst em

106 d di n. t he, d d | t il
subsyst T HUEs Ry AT HIRE HES Y PEROBIRM 5 st PRIEUERERPL BN 4088 devel oped
for a speedifddcrran RivceRtih@imatlditsodaded (€8], b afeac 3P doti, §%ﬁ§r§@éj B¥andard

surveill ance subsystem 106 nay be used by synthetic ta set subsystem 104
and/ or ciassificatignsieheapsusstl ik gehine lomingand sé@ttsélcs tretli Baycaslasofictani pul at e

he Syt ARt el n B8R o bG SR S RREESERLABARY.

Synthetlc at'a se PUT £ survel

subsyst aefusiddngf o, ) uss bemseal b Biirveill asaer subsylstean C@6 ddpandiaf en mhdda’fedhat dat a
shoul d be obtai ned and/ or how t he data shoul d bgvprocessed [ 0024] Deci sion
anal ysi sPgligEipat dnarogemioepspisginredlianse syse Vampialopodsiflskieyie ses of

action apfi,s HQJQ%cthn Qnd @%Io?@&?(ﬁr ds%% 1§1'c‘a RKLNITRAFRY O cldagngy Nt heti ¢
data set, socl al act ne

tuatlon representation created by
synt het |pro<cba$eal ‘tgzeiurmﬂhsms‘sﬁnyﬂt&ﬁ lODemyﬁamedhybyrﬂheilcsdmmsmﬂt% Ifdy be
used to d

ine a enari o.and desjgn an ex i rent base var i ous
o T or nartgias OfcasRraans 8 Shitan LY Srle Gt AR sur e SR <
utili zedjbysct Bgd Qéchﬁﬂln%@bﬁﬁé%Itﬁé%n%pr%ye?ﬁta%%hl@%nthleﬂ&hé:t@"sé’c%u&&@ﬁeﬁﬁ()@ data
set subsysten1104 to | d and/ or fy the synthetic data set

(i ncl udimay, ingurp. provide csqsrw lseltvmdlapmyﬂba‘zstm)l O@afod usomsarranting siracitlacdcand

cunsyst bR e B G Srioh G Pl S P By Ree RS RRAO Snt o

si tuati qoozAPrOseAd@hhDYbis ﬁfb@jrs\(&ﬂ 108 Qmoﬁﬁgﬁﬂé@'ftd Snalipicd/afiBls S4biBYsdoarsed 04 to
support decision maki ng and anal ysis of different possible courses of

act i on. GEREEM HEHRUPBRTS Pecxthasedsdasivionarilipg bassdiopdhesyathesic datarsat soedal,
and/ or of her ﬁeg% NForQ tueﬂgo e@%&n?a@i% Yidafed ﬁﬁp ﬁltteﬁgg%tg%et%x%ﬁﬁnp%ior med

in an autons Hion o on I nteract Inpu rom one or
nmor e usdd&igidn Ws@ﬁuﬂ)@&terﬁ 002 mhy ba us@in®e defhoakdsantis and adsignus Sypbsmshtens of
system 102 may utilize one or nore case-specific nodels provided by case

model i ngP28HAY i enatines dhatbifeisehys %@;ﬁgtdé(mTﬁGXP@“E%idF%}&? Bd to
provi de @99&5 ARY R 521})@9(@&%% vRas 862 qﬁaﬂdlhg a&a({a't@s&%uus SR 129,

defi ned deC|S|on anal ysi's su systen1 cor Ing to var
enbodi nmen lbsl,ld exdophadify theagethnindddts serdinchdinge b at, dek tynthetib bopulhmm) whd(e. g.,

epi deni ol o econo d|t ket s c ut i ng networks
D e CooRtler ufiORRL Rt Bk iR Foskcsnting dion o PRI e S6 Yot o e
(e.g., tsh@@%’é%‘ﬂ{1@61!15‘%@)nfoﬁﬁ%oﬁtr5!§fed% ﬁfé ngnﬂhencsms&ra‘ﬁ%k GRisn portions of

mul ti ple case nodels may be used in co nati on dependi ng on the situation
t he us erreprgsqnlteél@ntrgcen@‘drfgg@ synthetic data set subsystem 104 to support decision making

and analysis of different possible courses of action. Experiment design, decision making,
analysis of alternatives, and/or other functions of decision analysis subsystem 108 may be
performed in an automated fashion or based on interaction with and input from one or more
users of system 102.

[0025] In some embodiments, various subsystems of system 102 may utilize one or more
case-specific models provided by case modeling subsystem 110. Case modeling subsystem
110 is configured to provide models and/or algorithms based upon the scenario at issue as

defined by decision analysis subsystem 108. According to various embodiments, exemplary

-7-



[0026] Referring nowto FIG 2A, a flow diagramillustrating the flow and
structure of information using system 102 is shown, according to an
exenpl ar ywenhodizosat . At bl ock 202, unstructured data i #CtalsSb@owsmdsby
surveillance subsystem 106 for use in formng the desired situation

T A R et A A A S T
dat abaseymneddity rsk¥§), LbRAPGEnSHRS YL 8L 1 Q8LRI QeRGRE Seltddrhitiofat i on into a
formthat can be util1’'zed by synthetic data set subsystem 104. [0027] At

bl ock 20%ftwerkak bieiliinfratiuatusest(c.gu b@ystoetmld_I()AaIrde@bw/ae@St hesamst ruct ured dat a,
provi des text to the nd/ or,.nodi fi es a,synt.hetic data
et nartaRiahe apmatser B Ripirie FiRhie ek b P8 o
cont act tAetivkikn deadet sfred 1 thesdhes| red situation representation.
Synthetic data set subsystem 104 may provide context to the unstructured

dat a_usilA§26larRIesingsen led1had, #Hlgwiseagsesddustiating the flovamsl grucproperties of
th d ty
S, S S O PP L S

popul at i, uﬁd&ﬁ@ﬂur@ISdalteﬁg&bﬂd:dﬁ@i bhairex et adbsystaavi 06rfoohisctindordying ket i ¢

popul at i on nenber.s, known interactions between the synthetic popul ation
menber s,degired Sl‘Iuﬁ“‘sIbt?@reéﬁl%b‘I%Thesda%%Y pPeicelifctsd fepmm Yaipsar oIttty SRVRLI ti pl e
sour ces S uhsystem 104 may
be conflﬂgﬂgygg@%rgésuglghggg&gr%n% e%g\?qag%g%éggéﬂog ?é/ad tdl%er'gl %Ig to conbi ne

t he unstSuredillared sdlastyatemnl(m prh@ssqsmhdrmtformadan antes etfornl thavemi Mﬂma(bb}dl ment s,
synthetic data set su ste 104 may be configured to contextualize

i nf or matYBIHcHs e S5t SP {-di stinct information sources. Synthetic data
set subgyeigm ADstoey04 @yrﬁﬁétfc' B &4 sty Gemsion %ctenfé‘é ktd utkﬂﬁ@tﬁﬁéd%tam rks,

such that synthetic dafa set subsystem 104 includes multiple behavi oraI
rules t naondWOb@xtutq thi detd, and areatesoand/ar ompbimesra synthietis datalvet, insluflage set
subsystem modi f et c. d set . dependi ng

on e SPhdies bRt 20T <P RR Priel Sl bR o SR B P ot e

(e.g. dresmcngtubﬁ&atepwsemdﬂlaemtmaldtaa%bﬁ@ub@ystéiﬁ hey hak providetsasst @eVvi ce
use behavi or, gé%Synt hetic data set subsystem 104 may al so be

confi gurtb@u@%mé e usipgvaniaus avasiulas dhagenayde @%Iprt, Iﬁ%texgemén atapcxtigpes of

I ,
et wor ket BEHARRIURGOE Hae cob RS BRGMLAT AR Bro SRUTHALER BRD
are couphér b&t@ﬂ@tbf@bémmbsmniﬂﬂ&téy@ﬂeﬁt popietstican) Chegﬁ@dh&gardB%(Ihtl sepectadt ext

is provided to the unstructured information through the use of behavi oral
t heori esbeﬁﬁ\a%?fﬁat synihatisnopulation gigan % b%ﬁ%wtega%yﬁﬁ Iaemeen Hhersynidgtic

subsyst &g, 1o AMenfterC 0! 19WEehBodi %H{sptg{s%&uféafdafﬁ’%t?iﬁ&t frbAMhMEpcdat a
sets |nto t e synthetic data set as t econe avall abl'e for use by system
102. Forsoevcammlag be siyisetligatd or 1da$3aamiaynthnbs§1$taemsilBWstmleﬂernamhéi gured to

i ncor por at e data regar W W T. Ss. C at.ion devices,. [0028
oo PRt R et of SO Bl i S o S A b e e e B St Jar o
is int egﬁ@ttﬁdswﬁ&lctdtaa RV nttlhatlbﬁs étﬁs@dlﬁleﬁts Mhirehc uaa@émbst%ftnbyozsmtayatl onal

awar eness nodul e 104 at bl ock 206. According to various enbodi nents, the
synt het it agafigurséto gandesterdide attfomlaéwln 11240)73 ahlagst e dreseiict indernfagiog sources.

iteratiy cor rth rvei |l L ance su tem 106,
For exanprtestSa S BRI hh iy B ctifhrg] AR St PGS e Gec 51 on
anal ysi ssushibiay sineiidtit @8ta se6subbydidien 04 uRRIdco Rfulidile bERs RitalMuRs HRE hily OB

anal ysi s subsystem 108 and further data is integrated into the synthetic
dat a setutil 1@9%%/ HeriQp cpmponaiupf wnthete deta spiuubnticne stitocesstiust prdidiuce a
desired r I

it or Tk SThebaR GRFQ Blocling & AETRLEEH AT Erenle 3B UROBE &1 1 e
sane or 1atechcflﬁﬂglent>lvu<$eerg pdrivays benvitd Zisdase matifestaiondskatiad wdmksof ot her
(e.g., sjmlar)_ situations, In such enbodi nents, |es corrpugl ng .resources

may be r awwléa behgvioreete-& Pruheiisdaip ssbsy %%tergll%any orbsifonEgHEd 9 on as one
or mor & dokRf: Bluid AT RLLAR, (ERARH LrkE g@tgeottaelat ea{tsa%emﬁksog. it

al ready be I ncorporated into the previousl’y created synthetic data set.

[ 0029] Refnspartatign motworlos, Ebl@tnuﬁﬁatlmsfﬂebwrﬁshgaﬁh@ ofatad tiramoéas t@aBtimdtat nay
be used by system 102 to construct a synthetic data set. At step 222,
system 102 receives input data regardigg a target population of interest in
formng the desired situation representation. For exanple, if the desired

situation representation relates to the spread of an illness in Illinois,
the input data may include information regarding people living in or near
the state of Illinois. The input data may be col |l ected by surveillance

subsystem 106 and pr ocessed for ‘use by synt het| C data set subsystem 104

. .



[ 0030] Synthetic data set subsystem 104 uses the input data to construct a

synt hetic popul ati on based on the received i nput data (step 224). The

synt het i cwpapuw/iabs4en i ncl udes a plurality of interacti n@CIHuste1ens@s7

entities, which may be living organisnms (e.g., humans, animals, insects,
and/ or inani mat e ects ve Jcles wirel ess

pl ants, etc .
conmuni éaleqscﬁﬁ injerapiiens buf hrrercaglelﬁﬁ l@l{rav%l @%ﬁ@theéltc@n 1f1Cy N dZIMDSa nhodi ment s,

the syntfiehie RARY Rr&AdEBY tﬁ@@t%ltru@tlulredqmdrﬁlhﬁén m&dghnh@ﬂseaaf%hz(ﬁmgl ,
geographi c area) of interest, such that each synthetic entity in the

synt het itbeqrzp ahdoihenfactops, e@mln@emm@m@uialsymh@uq datd wttslhiwyst@maltMana}(l@ g.,
geographlc | oc |on ere The synthetic entiti a ned
Oharact derred e Sbmdtt HFGRTAe FSY PhEFeh s Manh Rl e st S T4 e
exanpl e Jeebad addiRVR, folMiRI 1) siTjrsﬂéHﬁl(EyrFoB@kérﬁ 18 ﬂslyh’éh!eﬁ@ dite REEBH stdn®N bei ngs
and the input data is data fromthe U S C%nsus t he denographic data

ref | ect €Bay be edpéigured to @@ﬁmatwwg@éia@gféaarti@g@éwevmléssrqeéuwﬁaﬁe@| c
populat%%QIQE g., age, income level, etc.). [0031] The synthetic entities
may al so be pl aced in one or nore blocks or groups with other synthetic
entitieq00I8)r @xamphextBysrtcbepiovidadtts theamstrepuedelatal thg rblevan dbaiings may be
pl aced i.n househol ds with other synthetic entities based on the census

dat a. THBCABRIEA the syiletisedan S&éé@l@é@@r@ﬁﬁ%@x yifpatipnad gwaregestdyodat t he
synt het i G4RPBIKREHONALES hﬁgtté véﬁ&s%ﬂ{ﬂ%dﬁﬁélﬁé $id %?{heBE ARGt fSviasq hhe

under |l ying census data he synthetic population is statistically
|ndlstlﬂgmﬂSMhmmﬁymemmﬂﬂhé(@gnsm&ndayhm1nﬁﬁmaaedhﬁh@wmym&maEunwﬂhpuiatlon

i s conmposed of heti c S created.using census denogr c data and
ot “act aapaiit T Gremal Wbt G S Ao Tp AP Ao 0R B 08 deris et ual
entiti esinwiykRisibdybRmPrRUl & Fuﬁﬁelqiuebt'fﬁtﬁra?@ﬁos@@'i}la%cﬂfdﬂta%ﬁfy@fg suﬂ)@st@ﬁhﬁﬁ%
enbodlnents the synthetic entities nay be grouped into other types of

synt het i and il slatsris itegrprsd by v sornth@hcadmts@tr pystane $0omAg requiradeshousehol d

menber shij nus, infrastructur etc.).
o sons Shuar R EEA PR RRE R e 1RGPt BbrbES Pelhifreng
synt het itge GhaitictReh oSS SlcITrddtha By stofdddr PréscReWany Oi ki (6.gd @Y ahS&ine
including the constructed synthetic popul ation. |n other engodlnents a

previ ousiry daierent ysgr ehsystsat | 02) gntoamgepreranjatioas AHeneT (- tsimilar Fierdopar t or
al | of the, &{ 1{;&%@%@%9@80&&88 te%{n%g ?9%%qu§¥&f A0t V?ldés(i’ gbtain

or recelve actl Vi ty or ven es |1 nc ng ac at a for

entiti e$1toat1cgrlepmemétloaruslohe esmioft types dfanﬂ;emmpuéeaéd crést em 226) For
exanple, activity te Iateg related to a human popul ati on may incl ude
activit mrs%eélt@ft@fl TR A ESREY %mCﬂrppF?éec{;@&gﬁha,@mV@%We%e%Fd pyithstisdpta sehe

acti vi t yoh &P RLESF TN WIS FIGSEA, 9 owraﬁ]%rmtomgrcfcegg@z@r{ﬁietam §ed By CES,

such as travel Surveys coIIected gover nnment I’ng surveys
(e.g., pwmpnuEﬂaoyommwweysmdamd@amedtb&tMQIKblswgnag@huues¢sn@ug&ﬁal devi ce

trackin ul ar..tel ephane.or w rel ess conmuni cati on Vi ce
Loage 1 deSm e ditet navalon oF imksroS o0 FuBur hde S e PP iy e For

col | ect e&a EQ ATtRC8SHed sman%ﬁw&bdemﬂeﬁra&@%&h@@@r&&@o%@lm@ﬁcﬂn RynsiyNt hetic
data set su systen1104 to construct or %ﬁ? soci al contact network

based orth¢ mpusgaia heyiirclydspofoamiden regnrdmmoe odngrarargicar the state of

Ilinois. The input data may be collected by surveillance subsystem 106 and processed for
use by synthetic data set subsystem 104. The input data may be any of various types of data
received from public and/or proprictary sources. For the purposes of this exemplary
embodiment, the input data is data from the U.S. Census.

[0030] Synthetic data set subsystem 104 uses the input data to construct a synthetic
population based on the received input data (step 224). The synthetic population includes a
plurality of interacting synthetic entities, which may be living organisms (e.g., humans,

animals, insects, plants, etc.) and/or inanimate objects (e.g., vehicles, wireless

9.



data may be collected frommnultiple sources, which may or may not be
configured to be conpatible with one another, and surveillance subsystem
106 and/ owoyrihregsbc data set subsystem 104 nay be conf iPgUruisSdoo3@®8ThI ne
and process the data in a way that may be used by synt heti c data set

subsystem 104 . to create a d/ or nodify the thetic a set. The act|V|ty
t enpi at SOTHRYPIGHES e%léﬂ fapt %@Plie\ﬁl‘i‘%‘/@‘és 8%05%/ HB SPWH&B‘i eéltso?hetSPfB fdusehol d

and may ﬂa,%uta%@ﬁlas}@n&taﬁal%mm@ it a{ aRh (08, g@gmﬁ% agafbfa%eaat bichttMatOr
ti me-use surveys. "The activity tenplates nay al'so include data regarding
t he ti mesclsyntidticlentiyenvhe $yotstidpopylatet iepidsérds amaadugenfiorimela; lopaticar i t y

| evel s of the actlv ties references r rd| how,t he .ent, s to
e not e pr SabY IicefEn BT AIHE PR SRy PR R ORyER b leBES or
the act ipakddion RFsrmatibn SRt G ifRRtdSta. dR tRCIxaMiplendt@Miodt ewh@yindesScr i be
the activities of each full day (i.e., 24 hours) for each i nhabi t ant of the

associ atwathaeuewHiss acrreschi humas byngriand e @pu%&mdawﬁ%w Sdeemius. [ 0033]
Once th I ystem 104
ol Cheseﬂelgg%dﬁ{%r%gtﬁé ?E'EQ ré’f‘ie%%d%{l‘%her ﬁ%eﬁ‘éﬁﬁls n?%eﬂl%{iﬁ ge%%f%tef zér'[ggtr vey
groups (pdpglatios (4. eyechiesbddvds et@psoci ated with the activity tenpl at es
(step 228& The synthetic groups may be matched with survey groups (e.g

usi ng a [88%]si B ptetic B%fétéf‘dnéﬂﬁ’qlfrﬁllﬁ%‘%qddﬂ o OlyMOTeRIATS 04 BFLUPS Pithor matl on)
contain d t he
R L R i B G R S L B R GRS

chi | dr erplaged tilkousobsldhwittl otleg spnthidtici aniiaibs baand en thetaenjus datentThethoosdbatds set
subsystem 104 then assigns, each nt hetic groyp..the cti Vi npl at e of
Tt vt dbas mb ORI Bonet o dhade P HRi it Sfp Stenrotys Hnate

assi gnedi 4Rt AR faﬂﬁeqﬂﬁw%aaé c@nslugaata (08, ths sARBLANRPulBbn GACh synthetic
group and each activity ref in the synthetic group's activity

t enpl at esta(tgtleqrblyzsdl)itlngnlrﬁélablccfm thesenay dpia).aBstagsethe bastbetioprpobgionved

Lacat oy s a7 Ry SR BB iR ok ®ioe 8 ol Wb e

activityor 1ﬁﬁivﬁba1s JtAe pRaceadREQINES Bc taaaalsamheﬁwﬁlnnﬁ@]yblaﬂmm JfepeRseNt s a
i ncl ude home, work, school or college, shopping,

human popul ati on,

and/ or CEASE Drelegied- t%@éheﬂ%&)&ﬂlmﬁﬁs ﬁlt?rs}’tlﬂlétl‘aé@tmﬁistm?é@erﬁ9uﬂﬁé iple$as usi ng
data fr [ public

dat abas ggb%uo\cf%{’%g&%/%@é%ﬂ? &gp(ﬂ%g%a%d ar@%e?t?m& tﬁ%nolﬁﬂg\éhﬂd retail, and
r ecr eat inémbadidp (@S peranGspbies, Nalelcenﬁie ﬁﬁﬁttﬁfcﬂfr@ltylﬁdeteat rosvahe St at| stics

(e.g., for school and college |locations). |n sone enbodj nents,

| ocat i orfSbegdymens, asvnihets gaid sgfanaysiot SRy MU bexist a0d pthate dafasyel f»lﬁaﬁyst%ms for
the rel g ToTa=Nal 59 L8 thotdo a Waddie hat i onal
Househol Tr%ﬁg? %urgg%yﬁ{agﬁ%g uéeetg&?{(i)mcglﬂ}ebéroa%/tgdaéd }hgnéﬁo at ocations
f or eachthatembotiyndnay e prdbeasydetgmg syetictiadatasttinvdyt e rscdhﬁddl toelnchldg patr at ed
for each synthetic entity describing the activities of the synthetic
entity, FALIGEASTGCHPHDOUEHG PPBUAE b RS (step 232). The activity tenpl ates
and/ or g@p3yi tyysﬁe%hwyin@y HRY oBRIP&SRELila RALE 2@ ify cOxReEhpBARL and/ or
desired situati'on representation. The synthetic data set nay be nodified to
i ncl ude intediagrptivityydagefos dotitess or igraipaef erfitics dmthicdrrset H@@Blﬁpn (sﬁemb?rfé

enbodi stem : ured to ecei ve f he sed on
The_des b e TR Feoica AR o P Pyl oR b Ry Pidedi ) o
above, iHoutdmeldies ltHeGgioEtabH@talr@rbﬂlﬁtEfe@ﬁelﬁeadchOiﬂy tesnplab@hesdbé Basz@logad of an
illness in Illinois e further data may include information regarding
what ar dBEIBRLQY PMEING ORHNES sBEESAwEh R rarel Sevsys Gigetet b thegasiermpent,

modi 1y, eSS e BRPrioBhT 38 DRI PRLIRL o SLR DRy, oo 1

var| ous cﬁmmednamang slatas(é gnsclhd4 talrphai3rveicldse compratoatondeiarusaps e ti mes

g., gatlvtﬁ to integrate_additional infornatio ’Hgﬁt |s eIevant to
the desﬂP aig)addiy othes seusst atheqstiviny date ARYpIFO %%t? r80§éft bYat step
238, a created
based oﬁgﬁﬁglae?l??%@g%mgggw%{fgéeglctgrl n{sh%{r%e %E%&gbgﬁtﬁg@f&%h%éggat a set.
The r esuhodifit a sl abntectmictwedrk hesadamkth e synthaticyspdlation. ninc@lmet dmebodesented
situation representation such that appropriate decisions can be made using
deci si on anal ysis subsystem 108. -10-



[0036] Referring nowto FIG 2C, an exanple of the flow of information
described in FIGS. 2A and 2B using system 102 is shown, according to an
exenpl ar ywerthodizosaat . The exanpl e shown in FIG 2C is aPpodas2aasdsow of
information to create a synthetic data set. FIG ZC illustrates several
oyt et 1 EEn be beleE T R St et REn SR AR berennsediodg
i 11 ust r alahaBEMETit] o eRBReARYd IR BRcZRBs (st 106 SRIEVEhteTPEML]S) that may
be used by system 102 to nanipulate the input data set$ and integrate the

i nput daubsyistenol ¢hmay he torfidgueeddatcambate, anitpdedessth2 8ataray ey thatpaat beof

synt heti c t.s t 04, ase nodel.j n ste 1 0 her
conponerist By Sl bEsT MERstes Lo g R e i BBl RS ARG it S e s
254 t hatactbify fe@fidtes b PaRRFBE 855 BVARE bOTHFBAhADaiD PR hodShoRand R4  dat a
sets 250. One or nore of output data sets 254 may in turn be utilized by
vari ous hedustdean oB0rneore GitfRTaEmaeUrces sUrras gelevinyorttivec-usafuRetysc Thiat a set .
Each of Y. r t ,Of as part
o the <oHtRElitE AFL B8 RN RRUEE BFRERRL e B Abl BT §

simlar agtiesics adperymeds Gribrisy léestedsftthahetwlaési pnferémegeagafcaﬁghct»haledem red
situation representation, [0Q37] In the exanple shown in FIG 2C census

dat a 2560ty tRyst tatthep%?&eﬂtatqcaﬂ% h@t%?r%@% PRSI docaiinnsfer the

popul at i r t he
ot o s be apa e S, IR e e e e L e 60
may | nclfutlelayrardgém hogrsy donveayls inhs bitalt lof the aissoeges] hanehobd emindiad-by-niiinee

i nformation % uded $ c.ﬁnsus data 256 may incl ude denographi c data such
as |ncorPése%?é‘B yo%?&?l‘ﬁjafﬁ)‘ etc. that may be used by popul ati on synthesi zer
to assi ggosFchossthde&tivety@Bthplakes bR @cay&t @ﬁtthalcgda@ym Abshéteak.04 FRdtciRyanpl e,
synthetic entities repreSenting people may be assigned to synthetic
householash bsleaticEnoupaied:. lesttb@ig Wit gne, ofvhd sievayf grhoprse,g--tsypeyof house,

h 8}, Act t 264
Then Leddy E%WF%E%%SBC%%BWMSﬁg%tyyts%afa Byt SO iedgBhg) B o
activi t ymgeheduiesurd®boriotps @: E{MIM taasz:dezmtmtomsmm(etgte synt hetl c

i e
popul ati on. Travel er survey dat 62 may ude surve%/ls conduct ed by

gover nnelemogrphic @B)r@ﬁaowntaﬁ@ﬂua@eaemt\ﬂuatay(efgarcﬁn%lﬁ gata) end @frmatigyel dat a
for all | d r ts,
activity generatoryg%géﬁwg uzlélh%te d&eg%gﬁec %Seﬂo%%lﬁé GE)| n(gf@gl(rat/@g (e g.
commer cithé heuseh@y sageo oflinbhigichnby ctoBr @@ﬁﬂhﬁ@c fdts sa)subsysigint B4 tHevassint eatki ng
data (e.g., usage data regarding wirele comuni cati on devices), and ot her
i nf or matYBHCHG OB M ACHHTY (AIERIAE OhEH ) SN EeEe embodi ments, activity
gener at 4 B r ivity
schedul ceigo%g sucaﬁhglgy réHcd I%tlésglﬁtdsv% g’f%%%tgﬁ?? {i FHegs%% S%{h&% %BFIZ |lﬁg&t Oﬂ% use
and/ or astigngdnﬁenbaths&nthﬂad: gonp and bechl avtaity mﬁlecuaﬂmﬁlatsynthemag/robp Si ncI uded as
part of census data,6 256 r er .survey, 262, on nor e, ot her data
DUt cos ATy Gringte (EumiDna it e b ekt hBes 9B eoay LSS gned t o
synt het 'ﬂétt@r% I thi @8ta DASSEyABNIMNE Qﬁd/blcotﬁé&%’e% JrAahiTGRat I8 ndBBLibfed
entities bel ong. Act|V|ty generator 264 iS also configured to assign a

| ocat i orinpertdasid cacyiidéntiyy phpwaete aldhd mttv;ty,swmmunéh%@mptmwhtmm may be

assi gned_usi various net hods. One et hod |s t o ize a,di pce- based
i st 11 bV B RO o TE A RG y BR oy IRt e o u e hoLR et s vi ¢

| ocati o rbous%@@wpatge ahd1Br bthéd 1t1att1t@waxotaru@ﬁs &9t &R Ttick @RFtHchofed. @ing home,
wor k, scho etc it is. Locations nmay be assigned using an iterative

process, atm%marvarlétyatﬂd@t@ba%tﬁelnalgémgﬁe@meém@ldtnﬁmrﬂopblgc dgiebaseomyah Y to t he
activity t t rmne if
the ti nethélgeeed) ng%tuggftﬁ é%/‘gﬁ {}3%%@ %ga eli’a{élhéncfrge? c H&? Ql‘z“gtﬁsmﬁg?rgﬁrrhgf | ected in
t he act iNdtiopalsChreeltfbeEd@dationdl Smtsncd (@cga,tfbomOmmndeellegalssatgmeﬂ Intsemat i vel y
until the time data natches etlc popul ation 260 and actjvity

schedul €&nbogBNeRLS thielorions My ca brgtediagginstp abé%?%fﬁt% -t %S%@PtlonS[febsg]
Addi i ongl RGN & oARicRkaY | RS bApR] GaveP kil il Ahidit Adulchofdi fyi ng
the synthetic d and/ or pr odBm ng additional output data sets 254.
Rout e plaand Supvzg may bmmbd trucaidrato laceaisv Oricalanatrans fonedahorrtivity haniet y
schedul es 266, transit usage data 268, and transportation network data 274
and generate vehicle data 272 (e.g., vghicle ownership information for each
synt hetic individual and/or synthetic group) and travel er plans 278 (e.g.,
information regarding the travel behavior of or travel routes used by each
of the synthetic entities in the synthetic population to fulfill the
activities reflected in activity surveys 266). According to one enbodi nent,
the tran5|t usage data may |ncI ude survey data obt a| ned from a publ | cI y

o o Y



activities reflected in activity survey 266 (e.g., a car to take a child to
school, a train to get to and fromwork, and a car to shop). [0040] Traffic
si mul at orw@2610/os#enf i gured to use informati on from vehiPCraSdanas@32,

travel er plans 278, transit data 268, and transportati on network 274 to
generate a traffic, sinulatio (iﬁ endent sinu| ation of
traffi ¢ beo ARmingd. A) Rt etar mscgeagféaﬂfiafowaa oV mTieY fonriogs theay

si mul at gclibgicf bowe @%nthétﬁbf dultigy, %&ﬁdlﬁ?ﬁnﬁé‘ﬁﬁd Rchi@Rg@stf 233)Mahehefidigeted in
activity surveys 266 or a portion of the time range. In one enbodi nent,
traffic teinplatcatand/opZ@ivmayschalubonéy bubasdd iropat enthateapenmadiftiand/on d@ﬁlred
second- by- second basi s. affic simuylator 27 figured to.generate
Crart o e sR sy g i P 3 hoEPR bES b rgR cu n
travel erscRbdRns, le&dlﬂghb@dﬁohgl turn are based in part on activity schedul es
266, such that traffic sinulation 284 sinulates traffic conditions based on
transit [Ba?eilerlﬁssomemb@élm@t&, Restere L 0% imay ds configured tosigaeive further dgfp bpwdal

refl ect e I f
confi gur e %“L‘tl%‘r?@%g@%%%la loﬁ?ﬁe%gf?@cf%?entﬁkgﬁ %E%%@ﬁgg aal nsg&i{lr ansi t
i nfor matde@lmed dinmidd APsdstntaiadrais 28 8tcanslspead csfeunap@ersts ad Ilﬁmmeha\ﬁrrﬂhelzaaéa to

determ ne the reasonabl eness and/ or accuracy of the sinulation. For

exanpl e, My BFiude pHRAtONSPETHE He RReTK IO yG figcogsfediipteptigns, phatghe

par ticuljagy ﬁﬁ*ed’{‘ltonqs fﬁq}’l%eca%a@ret&' Fhe fe%&lvg&; 1&9161‘ Bath b kfﬂechs&i uhadikRs, 284
agai nst tra Ic count information received romtrans ortation network 274.
I f the \,ealkiue‘rbrrpatudmtoet(ﬂe ugnthgfict duta sit (a2 Ion Iravamormsbnﬂaodmwntsbkteps B dne

corresp traffic counts for the rel evant. ar.ea, I er 270 may
o Cont ey b i SR e frs A SRt S o Bret B i e 8 e

embodi MBRLnis tdM&aht BUBE 8sil @%ﬂi%ﬁ%ﬁédeﬁﬁn@ﬂ ¢hib HRf yhthefit Bath bt O sRpOCESS MAy
be repeated until the traffic sinmulation 284 corrésponds to the information
from tra3$i & satidl goned reforki(egs parresenicdns Aerapby Kiag pe cvdatddi rased @i then (e. g.

(T on op lliny b b BHRE AR R rsy SOt the ST Fa T P BE Th Srsotfi &R M aos Y

spect r UehSorkltamBe uskeao rn@bdégthteQieﬁfbd@ﬁaﬁrﬂi&@repregmawnrmaﬁ thaf8pioeiMe t he
exenpl ary enmbodi nent of FIG 2D is an _extension of the exenplary enbodi nent

;
shown |r&émsensg@berméd@m@@dm@nwsuhsxsre@1989 may be used, for exanple
by the kg al IfQpS C ryions of a
limted [\Mgﬁﬂl e%es Spec mﬁg}ugﬁo )%ﬁlé)? %edéﬁ%fﬁgg&s%e%%%ﬂ%a 0042]
Sessi on KJ&SelAtand aBrm;chg $ysteth7102sis shmtn gwcedmgmo Qe sesnaileryanibodinand The

| ocati on- based representation of demand _f ar sEectrum Sessi o%é';eneratl on
modul e ZBMple S@ewpllgﬁi%d?%ar%@blﬁél%géwgm prfo ¢ratta aswrthalifadald 9t ze t he

i nput d | ary
enbodi ngtr%t@i’ %ggﬂvﬁ%ﬁﬁe@ gl e&%{) 0 si ?uf %a?%?@i%(gt%gtcr?é u?né ggn?n(’dgg&%rg?sg?gﬁ
gener at |ocnst1mdalsmtﬁéﬁb dm/sett,endudmag dsyntheti@pwpelﬂaimnp FMI%C also slbsgaer | nput
data 286 descri b| of d VI ces d b of the target
Conal ot vereaCamplig odnled A2 (O4 - ERfE Ut Ry S
synt het i g, RoRMcakd ﬁputb@as@sﬂetsoahd 1ﬁ{egfam@ﬂﬂe qm)u& @atd into ngsesyn’tH%ﬁ@ QBtalsgvel , etc.)
contained in the device ownership data. I'n one enbodinent, the deV| ce
owner shiodides2Fapapbe a pathpfexnthatichlatisset sudsysem d A4l capiembd¢lingraubsysicaw Sur vey
col | ect e Cent ers S Pr event, on e n i nput
ot o oael o0 ARG soRmRRGT ORGeE RS B i s SEE e lour BEBRERT | e
rate, casq ﬂdwnaety 1e5ult RbB.- p)rocfe@gmgp@rkbrﬁﬁulbylmbdum ZSQ'oﬁ\dﬁ\ISlIt dgeagisashi Onarea. A
cell may be defined for each tower serving ectrumin t %r aphic area
and ey BENBASEAUIPH daﬁeeseé&)%%lrlagﬁélrlawéhb%wtlltmé agy@c@usgp@@ﬂ%%érto qme cal |
Zgiﬁ' g“ al%io? e HeR 1 SRRRHRalMBU AR o638 JRY 882 #PRLE9RLSA dat a for
separate data files or as part of the synthetic data set, such that previous experiments

directed to similar questions may require fewer calculations to generate the desired situation

representation.
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Using the call session data, session generation nodule 287 nmay generate and
assign call sessions, including tinmes, to entities in the synthetic

popul ati oNO 28gIRD8IA | nput data 286 may al so i ncl ude spaPCaiuSer1098®gT aphi c
data regardi ng each of the cells in the geographic area, which session

enerati | 287 use, her with a fromtransportation
Mot vor k lﬁ%ﬂg%ﬁﬁ? emnq%w lacé{ﬁ?g » CERPYS 4%%%@5 5 PRIH4E0g ot set, to
determ rs@n@l@éilker\a%ts@?&n{@gynmb pggﬁmﬁ&@z@r RY kdaticSali Qa6 Erapiic bR, geographic

area. Thé call volunes may be used by session generation nodule 287 to
gener at eothersimbotandngs thef dathesed e populaiicesptithsteat S Setadhrm eywshstionhi ch i s

provided in e um dermand simil ati on 28 ..%0043 Mar ket  si ation nodul e
D011 s cunp1oGRF ahd Y R R D i Rt BB IRt  on 288

t o det erififo@aforPhORASEth GRGIdai Id menirudk lde@abiaphic 298 suMahkBkomE, Ul ati on
nodul e 291 may receive input data fromclearing data 289. Cearing data 289
may i nclageeoasHpPHRIon. | dhtihy broetsa Ry Papelation sheshosize tegssiae cardiryathels ear i ng
mechani syf. (e gt i t i cendi, . i cti etc.)
used by THY Sugafosy PP SIER Pl B SR ARRCO s RSB, O

i ncl ude mfyisd &3lgned Rasynthgtichonahsldsbaat an desiarst ldhtage @nyalpbys hewk, whear i ng
mechani sns used to address Bﬁysical limtations to spectrum all ocation

(e.g., fHdguEneyehassmetclBnbe di-ielhy.&)acent cel Is). Market sinulation
nodul e y i } r i : 3 rket
AT L R T e e R S A

bot h of 26Beao $arppddtierty s¢hedeleg 266 tdreadtCal)tharyhthdtie cnétivd mehpsyonhaier (s) (e. g.,
cellular vojce d data seryic rovi.ders, radio stations, televjsion
stat i ongoPEleBoy.” [EyhiiycY i aEEmay MTCHEEYs CRATURH PSEOSFRIIEL | on modul e
291 may d4titibd R hiARInSRAE bEHNTARMRAht Rin MU Alal A28 alf hRAURDbARLSERR, and
mar ket rules data 290 to genérate a proposed spectrumlicense allocation
292 t hatin&hd tergst asat heothurainbidiecdp @ctivitphgdnaragor 26f frnayi watotheadater such©044)
Referrin ow to FIG 3, a hierarchical block.diagram 300 {llustrating
conponertaRginaels £ adpaelhf \isetndhiiEn rRGTett sl oufl S San
exenpl artyhcrifgQdiane R, usAeChutticgrdiny WindlcSXRMhaiisationliedicaBinddigwn i n FI G

3, synthetic data set subsystem 104 includes a nanagenent nodul e 305, a

popul at iiBier@atian toEeatdrctivify grledgles 26ankn wnretmndimedpAcHvieY BI8 Hod I%e 315.
Manage : 1S I i t f
inforngﬁﬁ%ﬁﬂ?g&gﬁﬁﬁﬁg¥?§lggﬁg&géfxggﬁsyg?%%ﬁ%ﬁﬁagﬁggggsggpaé%%@?%gg?ion of

t he desidfedtiwititu@td. dncludipg ésrnisatihddr erRplpyinaht iaformatisi)r ddikileratiowdul e 310 is
configured to.construct and/or nngify a synt hetic popul ati on representing
enti t i esNiORMAYLBAY Q¢ IMGHISH a5 RYEPECISIIAS et ITYClPhe N Hsi et W1AUARIEN

[ EPr es el solRbVOI 808 LSRR TRAYlE scHERulcS 260 Rh LSdodR gener at e a
social contact network (e.g., represented as a graph, such as a hypergraph)
based orsyhtheti¢ aritdrcabusedrm syetheee grogyntoheliclke thersynthiets entriics helosg.nAkeviiyc

popul ati on and .measure. and anal.yze t he generat ed.network. .[.0045]
anagoreRieHPaarS 108 fT EBHE G GRel § BHMIIGE Tt M P BROSHGRme | on i n
synt het i gh Rl R LR RSN Th bl 41 A BHUQh G MHAR b dlfo &0 Tl kGhd PR tOLtiRze
synthetic data set for use’in creating a desired situation representation.

I n var i cudistendsehtiseddisibutipe thas eccofintrierdhe radnetionoddikeliBag! thatdhactivither
conponents .of .system 10 be based on,the uyse of service-oriente
r oot odptidh FPUThGIBOFRY o B8y DRRH SPGB (Fien Bl FEP RorOLER ot

ser Vi cesit fshalocitiins Beryussedsibyedsidd 4 iecrativicf RoaRs, Widhes |chtieRwengiingdand
applications. Service-oriented architectures allow different conponents of

syst em 02t \Gtighandicompersdite thesaclivtte smeglagtndie ehnpoirstivdy sahgdelpghd &t i ons.
The use }erﬁl%{e"& fifg tfthe Iﬁéy%tdg&ogﬂ}mi BAGEUT foRarBh Rl Ghes A’ Rfa {HRLQY kS O t var e

reuse and/ or scal a ystem
activity schedule 266. If not, locations may be reassigned iteratively until the time data

matches. Synthetic population 260 and activity schedules 266 may be integrated as part of a
synthetic data set.
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[0046] In the illustrated exenpl ary enbodi nent, managenent nodul e 305
controls the flow of information through the use of different types of
br okers. WBoakwyiosse software nodul es, or agents, that @®pEB@WBR7 a
specific purpose or intent. In sonme enbodi ments, the brokers may be

al gorithme (i .,. 1 npl enent ed as. hi abstracti ons rather than as ad
noc. condBbit i At imeahEs aisuor o HCp 2CanaBh ity cyefbHEy o The ¢ wo
primary dyesc @ta BEQAELS prddubing 8dditiBndTRDAME ditB8eth bW Rbutk ?mh@@mq@ are
edge brokers 345 and service brokers 350. Edge brokers 345 nedi ate access
to a parcoontigirad to eseve odorneatypn, frash activatyisomgdutiat?af, tsansitiusege datac268, sd t hat
resources need .not co ni e directly with o not her... Servi ce brokers
550" ecdrpartaghs neGErE il o2 fud khRhe Yo 3a B A58 48 STt Eann. any
edge br akRiisaddbfonegshednthetis ediviggal bh@of SaesicSrodp) ahdtavd@tjian 278 required
to fulfill a request that is not |nned|atelé avai lable to an edge br oker
345 (e. de.g-ifeumationgpeddiigiig aevebhchayiar f pr Bavch rottepayscd by spdsd thet c. ), a
new ser vi : uc i i nf ormation.
i pl BT Bl 37 e dPunt SORIBBH 0 Bl A GRS R e O o
requiri ngriche266). |IAxatdinntoafne@mbatdinginy, thé tragfaishgedata iy suiidcesibegidagnt s,
service brokers 350 nay alsobfrovide a resource, di scovery function,

| ocat i n@ RGBS MaEE¥dVRIGIQsNrqo (cg-adausTatve dgta frepai goVFBRISHY ces,

model s b RLH Bhh PR ude! for txankHO4i4ka e arﬁﬁ'fgtpa'ﬁﬁt Q&‘Rﬁﬁ,‘ B Soe iRpkers may be
used to solve a problemor access resolrces that span across many

or gani zatlcoms gangtaploc atcapsush af fypalolf tremstnased aate ofdayccanss isheedesnarage oker s

rather than directly between servigces, users, ne not have kno dge of the
ntire SPOBTEhT B PRI EeaR ol BE: Moty RS bR VOt ST

resour cesl §b fneluaeliy@ obRendarmih 8 Publidly SPARLRDATERE 9.U Ry using a
trusted third party to host the conputation, one user or organi zati on may

provi de Reppriownt e tagspetdedn emBurcuselST ansportiaeom Piptisias alafabae),and doodeda par t y
wi t hout either organi zati o eeding to have a.tru relati gnshj p.w th the
ot hor " (BbhasTue BT iR Shsdeadiitel R LR i bak SRR Lner of
conponendosints Bathihg@AGembikRF Sttty velaE i ot cih@Keiveyd dboddyf have an

i nformation ethange on whi ch data and rzguests may be placed for sharing
with ot Hexnspariskien sheigiswveysmpH inecasremsnts Axc.i hragelsapliaon?2 fgd bydeest s

request r I f I . I St br oker
e e DBy SRTaE TR, RcRlply EaRdl fhfiind fihish oBRER oI, RHRE: DTOCT
ful fill pabtethregheshsgrationycterls2y4ekpettdiyartibg tinndsar satvigroexiohasigeg 1 f no
R R A e e
br oker ( e i : L i : ui red

Phf or et Tod ghaBfbstRS cAOUAL) pOPLAUAS BRAGLLLE N AR BUAAE BB T oY
servi ce famke?)( maptic cetfigunsd toesubme thayeler planng74 that mey pamendti-niadek suchs
infornatLon exchange. The inforr tiog{ex hange of an edge broker 345 all ows
dat a andM¥qUBLELS PYIBENHSE BWIGTEASIS P! EREOEIeR SNATREA B ¢ he edge

broker 348vittR A-bla IR VAY sBxehang gegf a BarS ke GEHRH 9K §¢hodDQ thBY e Shar ed
anong all edge brokers 345 connecte Kk

o the service broker 350, such that
al | conrfeenégosdyerkbrskeear tgadan directly share information via the

i nf or mat exgh e of .servi.ce oker, 350. .[ 0049] .Edge_ br,oker 45 may
'so ha 20 ERBRaT e bt T TS o iR R PR SR IRE B 22 ot oer

i nt er f aagvkRaplaps V8, dRAsiAdatn REE a8 a krahsPoetafige getivork ZIUehehgarndrdfst Ng t he
services and/or applications that are nmade avail abl e through the edge

br oker s sgngl.at%é&f ‘hietgclependayt amylytiny obtraffisdprihe eclranppragranhig al | ows

| egacy i 0N . it hi . ul e
308 by hRng o Ea b iR MOkt SARRELE:he BRREARIETHHRE -
way t hatrefléwedippicticiag suaneyc@66 wndebaioand thd e uesige ndh congubatimontatraffic
resources, running the applicatiaon using the resources, gathering. {he

resul t s SYhulpios 2&93}@@5@8 gurgehip Haw{atgytratis OPé‘siﬁPQ@'%%ﬁcP%‘gL%“%nTrﬁ ¥

| nf or ML ARlaRY ehB AL EAE OLAIEE (iR FHRNfib BPDLBCh W AuiRBTLER

transl ator that allows applicCations that are not able to access the

i nf or matrootes extchzd getraeldelased Syivhich m tume afertasealvorparteh achndgsdeddlesrodul e
305 by translating requests fromthe informati on exchange into service
calls and placing the results of the sgrvice calls on the information
exchange. Further, edge brokers 345 may include one or nore user interfaces
configured to provide direct access (e.g., user access) to the applications
served by the broker. The user interfaces may be specific to the purpose of
t he broker or associated applications. In sonme enbodi nents, user interfaces
may be provided for sone edge brokers 345 and not provided for others.



[ 0050] Referring nowto FIG 4A, a flow diagramillustrating an exenplary
data retrieval and broker spawni ng process 400 is shown, according to an
exenpl ar ywerhmdizost . In an initial step, a request is wa@ASE@0y3q98t or
access to particular data) by a requirer 402. An edge broker 404 responds
to the request and IIec ain data relevant to the re uest that it is
abl e to bcakh ik GRbTongh FERiE RUECERERPE Recd BB SR oss

certain jpfQrgatd a‘%ﬂvfti%ﬁ of ERH sYRhERTRUR Gial REICERE 'r!r?§ctt1 ?@cl%daﬁl’@@ S66ervi ce
broker 406 to retrieve the required information that it is unable to

access. Beffid ewulatasikéh nwfbesqgaﬁg@reém dugk ther gekenatedog ffiosimmwatngi®éul at i on

205 1 equiee el TipbonarT eI T o eaul B SRl et R b A8 Sctess and,
accor di rt&ltefmnedﬁ@ré@@&{ﬁ@rené@&nwmlrﬁgrdﬂtﬁees@mak@ﬁ $dleampl£liateyve the
needed i nformation. Service broker 410 in turn spawns edge brokers 412 and
414 to convletar 2V heayshesinthe rauaimf teffie @ 4 partignlarscy sifadrentquilatinex change of
by edge Bne ndfdric Sliton s AhesBRal Sl RS BR AR L Pt a
needed tteangguTRltioh eeﬁwhek LR uESslic vdhmesqﬁdcalcedrbmdg i latiem ageie sémparablee 305

may i nclude coordination_brokers that nmay spawn one or nore service brokers
and pr oVP 8 @EpPdyiedratiiegeunts oy he rﬁ%ﬁl&rﬁr%eﬁvt%el@vwé BrgRes f or

fulfill 'c%ﬁﬁ | na%e?lera!t {I?err&ff@ fﬁf{ﬁ%&@ ahd2 78, Gn oA@emBEAMIHE thY PK&Icr406

spawns a co I on |ch n turn spawns two sérvice brokers
418 and]ﬂaﬂgamnmmhhadnaﬁhﬂmmemuompﬂmmm&manﬁmpﬂnaEmmunMEdhﬁokemﬂmﬂﬁB and

422 spa ge br okers 420 and res ct , toretrieve th emai ni ng
o or et ROEuBSY CrBt PTG O BRI 48 T BIghTHHON EH DL X! ¢

br oker s%ﬂﬁﬁggﬁﬁﬁ(b||%§&ﬁ$5@ﬂgd bickgrcent mays of partitioning information
usi ng brokers are shown, according to exe enbodi nents. In the

exenpl ar[§04kr L&Qf@ﬁmgm&/ ts’rfd@n2DnaIF¢>@mpJI@y r& g@mmtmﬂlamzy bpawddoa

servi ceagllrooiliero § };\@rls Lurn spa wns, t g)a Q ke S 44 %nde 448

Servi ce BPEREPOUALES PEVITHS Spsé’F‘éﬁ‘E 51°h4de “tfPB%% M‘é‘ LR 83N Rhs access
to all tA'l@sHonnOﬂfé&&bﬁglafﬁ&ﬁw&ﬁ&n@d@ma@b&s hvcadgsorPsfaketsendtryand 448. The
exenplary structure 460 shown in FIG 4C includes the sane edge brokers

442I gwmmddnmghewns%@ﬂé?e Bresrabodiyment showm insk 1, 2Pupay bapsedntor al SE
444
L ont y SRLPRIN GE PR ol KX Bonrp s R (G ! 6 B0 S REntlo G0t 0L

broker 4fRitedmirelbssi spedtiim, sspiasnibe ediie fioqudney sgebfum. n structure 460, service

br oker 462 has access to_ all %ﬁe i nfor t|on resour ces avail abl e go edge

broker 4884HyutSctien gﬁt&ﬂratr%feo ¢ &8k1scgn ﬁereﬁi HY SIRELS & HMead pcaden- Fseédge

br oker %@esa’ﬁ%{tﬁéh%‘? dﬁrﬁw ﬁ%tmh{‘ R Rabfr géne?énofe‘ndrﬁﬁdlﬁé g%ﬁ{( 6ﬂ§%dr8d ff ructure
460, has access to the |n tion resources of edge er . The
exenpl arnycesta sestiom epdBdats h%ﬁ\md wtilizk Ge hput datd, mﬁldr hethsthmﬂblmﬂceila‘sa @t in

FIG 4C and I i ncl des or di atlon V|ce brqker 444
Spavine. SaGEEroe RS G plana T BRS i FOIEE GieopSagh demand

Coor di naselsﬁan ériélfﬁfon‘}ﬁé’dlﬁ@ma? %cwve%ewc@ k&heidRip davdth GBssRPEWpS daegrRebr oker
448. In structure 480, coordination broker 482 and service broker 462 have
access tdﬁsmblngi)ﬁlettms jof ﬂ@\ﬂﬂ@tqmdl’oefsmh@s Oﬁhhaltaraﬁlp@ptﬂ@tl@d@‘% beedlker 448,
but_ser vl ge 51 Skt floes, Do 0AVGe 3RARSE Hulign bLATRL IO EESEYr ces
avai | abl’e°t's H b7 o 5 ﬁ S%I} 837 flﬁgyaﬁ8 QLRI Srvi ce
broker 444, 1h§z’orﬁ@(éfvéll e@t)lc@ﬁtahfeakleﬂle%%ce BS/mERRIpIRLS Sardnt cAbosR@atheon of
structures 440, 460, and 480, access to information resources can be

cont r ol |dsaica R mEERRt daitmar bF A SHVET sechns thaliationss BlgalgnintersicreSwyveons hi p

bet ween 5 f. i o FIG
aE. o ai SUPAEH By BRCARM BT RS: PR SB e enibl s SRAFAE WA BT, T S
iss howru,lsoammamd tatg régarding émesrepdlamy(e@nbﬂﬂ larpewal rat@ml‘l dm}atlsh Jaey for eactB0

i ncl udes ﬁ ngwa genment nodul e | evel 492 g%%% ddlemare | evel 494, a
conput at5eoRn HidClg¥IYy ggpgrariegisp. Aol ra%abf‘a AilPreearks SV SEVINGBECAIB.  As
shown i r el 492
it er act g B e AL bR e e TP R Bl RO T
access tollispfsamndatd ionluded ousesssn in@ni djateni&ﬁjmeyvhc eggregdt¢dzédaa by cattecaldge
brokers may include d obus, CondorG Narada, etc. Edge brokers may al so
interact directly with | ower-Ilevel resgurces, such as conputational and/or

data resources in conputation and data grid | evel 496 or physical machine
resources in machine resource | evel 498.
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[ 0054] According to different enbodi nents, comunication can be perforned
in different ways, depending on the performance needed and the quantity of
data to beoexohiangyed. | n one enbodi nent, exchange of datraTaseoloe3ewedi at ed
conpletely through |l evels of brokers, followi ng the interaction paths shown
in the anpl.es above. |1f higher perfornmnce needed, edge brokers
connect eIt bRl SEHEn Lty PesTOB GRS IROBAC 2F T B ESTT PR atNE Hess ¢ he

servi ce BLMRI bl AR I SEE RARYSyn Rl HpDBBR! SedRnbfmRlaaGescon or

retrieved fromthe informati on exchange with no internediate steps. If

hi gher pesy dsoembide ppdtial or ghwgirapbit, date wgandingecaghl df s selimip the goxgmanhnd cat ed
bet ween two conponents and. t he ent s se t service to di.rectly
oxchange St IR bR B B an G eeteryhh S EErsR it ocol
such as ddfétk74 kAfor ctBR§abakivs AetalFodh BHeQlyntiest gnedett © detadmsdeedalll ar ge
anounts of data, or another type of service. The con&onents may use the
ser vi ce “olumesifer pashscryicedipvidfcaionsh iphe geessrphinatcat BBg cHbyolumagigeg band.

[ 0055] L 0g: 0,k - | e 305 I i nel ude
sevor bl Topeb \Gfiof Bohdadsh b dy7 FERSERFY BRI rR ik A S Bab i GO

305 may 4t sedhudecqmehich is pesvedddiain apéohakedandbisimolatiemage data utilized by
managenent nodul e 305, i ncl udjng sLoring, retrieving, organizing, and/or

cat al oguPPPlt ndatkst Aimufsdion mdyiked 13is sonigrredyioditibize thg Senetategl speciiven

requiri i 1 5. br oker
555y P o g e A thout
prior krowiletgemofluld@94 niaycatdioninpotr dpgnframt dl@ning sthtar2ege Gietringdlataf 289mat |

etc., such as through usi.ng exchanges qof netadata with the client nd/ or
Speci 11 RISt slGHe e AR e JorcE Dut B Bt et BEUSEITE) access
data. [QR208laubidRicR%EEioRORERYing Bl d4dBoR fOANES by BRIPBPERH 0 hllédatddr OVi des
a user interface that can be used to interact’ with” managenent nodul e 305

dat a. | rspestsinenblrdiingdeta 28 enaysdno inglude plysisal dearingmapthiagiam digaedescnbisgf ace
provided in,a.web, br.owser, that allows user .tq.br. e,,select, nodify, and
Stor e ddVs PIPHBHCIHEPE BEChyit1Bac I8 aidiew SPnipd T RORRS tmpeRip my subr ¢ ¢ ed
vi a the ALBatnQUBE frcqadity Antt Heiten S@lyetiB&] AifchOsas). Mbiket Siffidtide kddald he
user via the web browser and requests submitted to a data servi ce conmponent

of dat a 9 drastalgerceiye ydoabigndenpparket glesdaty 230G Matkcbrvlesxdare?Peney dat a
br oker . . r SQ.1 i
conponentatisfa koo taRiffuy pRaRYr B ad doFbEAE S lh®) G RO
modul e 308 tikedeavicd @ vitiat(3) & Wetiglat ovipe aehdatireytvise pyivider @ddio stations,

dat abase- i ndependent and dat abase-specjfic requests. Each data braqker 355
may r equfleESRNSESPRCl Mseddngths vy fdhpuserims MarkecHelpiien grdesrdbase
being s J t .~ek0 j 355 is
config u?fe%, @gﬂzg gyev%ﬂc%gmggtoﬁmrg{el? gltﬁ-ll|{u(%a:t§’;i_)i 2(§g gf glgas gs Iélf%jgg)’(fﬁ/lﬁ@rrl%g%egp?%s?ﬁi , the
dat a br d98rto generate gpromsed scetsi licomsesdpeatmne 9ddba alecardsgbe aonipbleent

i nstances. The datgﬁservice conponent may receive requests for data,

met adat aPCHHy ! t

e BT and provide response submissions, requested
data, nmgpeLlft RerERING TERHIFIGAS ] PRiSrar@i& blddk RikerHRB60 MRXtrAthaoaGRAeAs @
dat abase table, placed in a URL, provided directly to a user's web browser,
or st or ed smrbtter datosagwhsystced (s shotrheeconding t4 aoSsmmamagdedmentodul e 305
may al so, i ncl.ud ne_or .nore .data sef cons tio rokers, 360 confi.gured
1o conscriioreinhf fEmadir RSPl RuR Sho € IR S, s 2 v abe” Bat a
set CcoONshElugdsi RafmymeRChodge 305,16t 1atibi esnspaE@Smoddl} 31 0leRl iafi¢twgkdat a
for extraction/nodification, (2) for selected data, perform ng data
set - speciopsteuction stadyte 3 16n Npuganpymaodmid ®xis gaeerphgcanfisgedso granggthse| ect ed
data, a - ' - . se The first
oo phaay BLirtainsfeh B4 RiAE R LB 0] BRI AR Lo BB i e

desired situation representation. Population construction module 310 is configured to

construct and/or modify a synthetic population representing entities in a population of
interest in creating the desired situation representation. Network construction module 315 is

configured to generate a social contact network (e.g., represented as a graph, such as a
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by data set construction broker 360. In sone enbodi nents, the third phase
may be application-specific and may be determ ned at | east in part based on
t he needswof2otieostesi red application. [0059] In sone enipotiusermws3iovdat a set
construction broker 360 may provide interactive and automated capabilities

in which new %%Egvi r _can. be a.cguhr ed b%/ recor di.ng .anﬁl ab tr.acti@g.
sequenceyPoEr4nRY Bpsed onhe Bigaclions Retwepn pupthetiqefidcy g h CHEPPRERYO X pl or e
avai | ablgqdatRas B i Palal@RlRe oAl Enhofidi fy data operations, develop

chai ned operation sequences, Save result data subsets for future use,
and/ or 18044r tMendgementimkdule BOS tshronfigered itpmenageythd owealfefordationom a

cat al ogued,| j.br,ar aut omat | the data,set creatio rocess., Additionally,
o et o ngtio it e BT Lol Rttt on Eondh B! Ot RORRER Bumaridpt b
sequencegg cRfatihHh deaedi sBatRRaERlckRFioal &n K atdathodradtL gt ®d of Nt 0 scri pts,
paraneterized for nore general use, and catalogued in a library. [0060]

Dat a setm@wgemeRianedihe B onsloragioer samppraittiefesystcmeldasay bobasehenthetuse ough

which a - . r i.t.h or. . i .at d 305

Mput adt ot er R gl SERE RS R BT ERET R e PR BE e 360
may sharseryidedplgdt inagesised bamultiplé Baferait kihalk af bsrap@ienB8%nd @pplicationeb br owser
interface). The request conponent may al so include subcaonponents such as a

dat abase>SFagradented, pebigsbHent lovy diflcsing compenrants of sydgndde e publswibsient, a
script regqu , t L O L caimonent .
The dat asgg}sﬂ%gﬁoegﬁggt sﬁggg&nﬁgggﬁgl?ﬁaga%%ﬁ g%?ggkﬁcéﬁg\%%aggpl nt e?f ace to
gui de a nmseprovide dogimpen dddiofiey actatadvamd/ar nckdgehgyerdtsystegué3t s f or data and/ or

it i 26 10085 d2ns NS v s AP A W B U HESHPRIBS o' bui 1 d
the requgst 8f infdiaRbR HREuSREE uid 6f BHBG BT brbicerS OBfokBidrsdflvRE OVi de

data set-specific user interfaces for dafa set construction (e.g.,
cust oni zeeduess edagsntst that ppepate withtasspesific pugwse primspor ngomsrentlwidaments.dat a,

0. pr ovi BeCtRe Bty g hErks G 5n TaRmsBld S RERT T HRRATR Rt oL BT 9

const r ucddiHR cefdthiRtisns thiardaded i Xt AatddddMREUE STst&HHC AHRORE Plindaby
configured to work with other subconponents to facilitate generation of
chai ned tsRaspébeaksrortilizad hmgeagstes Bew ohinfornationsre edae biokpindtretnsht nodul e
305 input. . dat et 35(9%&’3@& k%9§§§ Bl‘égfa'teoa{lc?sfs%% 201 O@chge. ncl ude a
core service conponent, Tncludi hg subconponents'(e.g., database’ service,

br oker - ssraglafibg, dagy vérciee, SEY spthasiesolires neddhét @xinmatédtodiraelywiicegnedi r ect ed
to processing requests received fromthe subconponents of the request
conponerfoter §3gryics zfok@&@rrameomgwwémg%% (€.g-goBayeshni &g Shsdul e
305 may fyr KBSy t h. hdoks. BF P& Riigh it OB [ £ assi st
in the car gae%iggtr;lma% 3mg)lgie |§a§|georg}a(%f eﬁ%gﬁéssfntﬁetl C plgpﬁﬁ Igta{lilloén(gt%éﬁﬁ ty broker
365 f unatqmssthatsis ant iedgeliftekykeenildbde tosemomigs brukes 84 v (ece sreafltspd psiratlaton,

construcfion nodule 31Q. Entity broker 365 h know edge of and,access to
he® ser elsom ey dithast Sk Y mPh ise okt a0 51 bR ued oamed REfESe
ser Vi cese@irddtifforh @SBl RPIEAXTNBNBRKeE N5 hayRloBkBITa B 6o sd10Ch Ues the sane

components of an edge broker (e.g., information exchange, interface,
servi ce nreklamiraquring gwrusiligatior efppearictyeafacjousted. Fraspnzd abadiwbnidescspeci al i zed

f ' in [ . b dul 0 d
popul at BREorel PRCH FERhHEH BT S SHERRAIRLRSMEELBRAY Foftral on

const r uctifna RQAestPsli f daate@urdes, Mo seimbrkions, wicn reference to the
conponent s of d]gopul ation construction nmpdul e 310, [0062] Managenent nodul e
305 may [PETlude veapehaprbadiaents) hrokars pagibeusedio sabedddoblempspeesin var i ous

f ti S i Ou: i 7 t
ol o 308 e An dFRtost R Srifratbih 1L OBRE RO R FricFBRBAEIEY 1 e
access thetwaadrskanchtisir thanatitcoths betoren airviory, @sdre scudrmoe hbvolkeide et

configured to manage r-equgirts for conputati onal resourﬁes, and/ or (?ne or
more sedD¢ PRty B beingaddiseier QuPeaWRS P OBV Hercsese if P yesprrcgs needed to

aut hent I.6al! Rlp@BnA UinfIBIcZAloRMc e YIRS MMl FRBAGSAYs: fRRdul e 305.

[ 0063] Popul atFon construction nodul'e”3107is configured to construct and/or
nmodi fy tdoepsyatiohedricqispopudrgdnizrion ey fryvideaagemetty model teat3B85 proptietaryk
construction nodul e 315 and/or other conponents of synthetic data set
subsystem 104 to create the desired sijfuation representation. The synthetic
popul ation includes synthetic entities that may represent entities in a
real geographic area (e.g., the United States) or a virtual universe. Each
synthetic entity has a set of characteristics or attributes that may be
assigned based on information fromone or nore input data sets (e.g., the
U.S. Census). Each synthetic entity may be assigned to one or nore

Y b1 N - - - o " .



situation representation (e.g., received from managenent nodul e 305 and/ or
deci si on anal ysis subsystem 108) in constructing and nodi fying the

synt het i cwpapu/iaos4en. | n one enbodi ment, all i nformti oRCTa$261088098D
generate the synthetic population nmay be collected via entity brokers.

[ 0064] Pppul ati on construction nodule 310 may i ncl yde several .conponent
rodul es. SaBOERIN A ARG M 1oBh C s TN iZ3R0T SocapiH P JAF e TiY AN ¢ he
synt het i\gitip@RWhaki on for use in constructing the desired situation
representation. Popul ati on generation nodule 320 nay be configured to
const r udf048je Isdgstthiektdrs 34opul sshilonbrblerp 860 orayihage 8 nepberdifeamponer.G. 2B
(e.qg., s,222 thr h 232). er i nput data. used toinitially

Const FudtotR RaTRksare it ise PlEeg e i TRt EPmReb e ot ¥ es

t hat conpiitis Gath Bed BquENRSHIaG bP @&@b@fdr@ﬂéﬁ@iﬂb@th@ﬁ%ﬁeﬂd RO of BsplicKshsOf

synt hetic popul ati on bei ng constructed. For exanple, synthetic popul ation
r epr esem Hgormabiop Gk eltanen ety tersats fefisepaccrmdafees the sprvicendls data, survey
data, et ri j nt hetjc_.ept] based
apon’ ¢ nTE e RS bR AR e T2 1, camcus
or mar keiffengp fafild theayqist agishgnedsaddigd buthe snfstisdticasexalgmge] Ma@e, vehicle
owner shi p, gender, education_level, etc. A synthetic insect popul ation nmay

be assi gheF APEHBuPRSCIstOPIEgS wenlful BAACYEHOPYPY. MBPACHIPCTE MY PFes may
be assi %nggnc%cptoﬁﬂﬁll%e @stgﬁfﬂHQﬁawﬁ’@a' G&hﬁﬁﬁYbﬁkéﬂe%ﬂaﬂ%ﬁﬁé‘%ﬂﬁrg%Bf%‘ sthe

type of population. For exanple, synthetic entities’in a synthetic human
popul at ispecifreatione fayrteipgdirtd infiaus@holfidm the cufperhatam, exclangua oif detpaomt devi ce

owner shi.p,. i ncone | evel, etc. nthetic entiti.es in a synthetic plant
bopul at 11PKEhR Eba S b eCEy subHBTE e 1 watinel BF PYRBURRKH Syl r oment s.
Synt het iigfo@Rhiidd S&hhiked THERMBRhATon AXSRLTcRPRH 'e@%d 1Bk s RE oS QRRHd by
resistance to a particular insecticide or probability to transmt a

di sease.re{@865) besiputhemong gbampligatians seydd be tiB2sigabyokst 345.a8kd gn activity

tenpl ates.and.generate activi.ty sch les .in.a nner simlar to.that
el Tt it e She T A R L e

Act i Vi t YeoBREHAIGRh AN BRRES3 IR Yudhah adiecolasest Qigedtdlerd3UesnAirctiie
synthetic entities in the synthetic popul ation, group nenberships of the
synt het jskagrinformatéon wg the inEdrmgaemexahangforh saadtedneedt3s0. and/ or ot her

met hods. RV Vi ge.- i , | r end
Cimos. 008 odidat SRR R TRk, BRI LmidTiS: EU BER SR

| ocat i onmveay edgecirukke igedacaht ocidey duniases ifterface foaguabmglaut @singeit i fi er)
in areal or virtual coordipate systemor a location identifier (e.g., a
rel at i veedesaend/peryplicaUgnsiha aﬁ%@ﬁ&%egvaﬂlﬁblﬁ faough hercdee brokesd4popdeat i on.

[ 0066] i ik madul ' ' : ' [Qr add
infornaﬁ?gﬁkg%%ﬁ@aggﬁéﬁg%ic enf???§§m¥ﬁwfﬁgkggﬁéﬁgf%ghﬁﬁgg{%ﬁ%ﬂ%?@Requests
f or nodivitloatheomameaworkef medegdmyentramaglen®atbyraidog ecq@08s fmoh tho mieynadiono

popul ation editing noduyl e 325 by ap . entity .broker. Based on a. request,
bopul at | SRt PRGHBAMNIE B2 AL dppiHEn 631 Wides Kk [aheding gr oups
from t heosmpatighliGeRRRs alhPiRg ﬁ{'éda_p?ﬂﬁlat% ARG thy ra@bircéd gh@srigf thbheusgl ect ed

entities or groups. Popul ation editing nodul'e 325 may utilize external data
and/ or sfémaanpbicitivng ambmiking ithe deptltsraypidtblgign thean foemefeant exchangcoEdgedi f yi ng
the att I"t;ro uetlréa 345 may further include a service translator that allows applications that are not

able to access the information exchange to be used within the framework of management

module 305 by translating requests from the information exchange into service calls and

placing the results of the service calls on the information exchange. Further, edge brokers

345 may include one or more user interfaces configured to provide direct access (e.g., user

access) to the applications served by the broker. The user interfaces may be specific to the

purpose of the broker or associated applications. In some embodiments, user interfaces may

be provided for some edge brokers 345 and not provided for others.
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[ 0067] Subpopul ati on nodul e 330 is configured to define subpopul ations from
the synthetic popul ation and apply nodifications to the subpopulations. In
sonme enbodDreRes4synt hetic entities may be menbers of maTttspd1©/030987
subpopul ati ons. Subpopul ati on nodul e 330 recei ves requests for creation or

modi ficatj ubpopul ations, fram nanagenent nodul e 305 via an entijt
or oker - M ers &8 T2 B 1Er B4 § SR pRROCaT eG4 el FiecREGHs 1o
aCti 0N SAOURAGE Syt bRIULES008! ol BAbrGADIOD QARG Ui FTRARORTEN!

modul e 305, popul ation construction nodule 310, and/or” ot her nodul es of
synt het iigitidhstep, setquabis ysade fe. 20 for aSewm &y pasticulfratatatbycrrequdirdf2 edneadgal  dat a

may be ysed t rocess subpopul atjon requests _and/or produce t .

roui 11 cduren ‘G ERPrBoe I RRASH B s HEREh 2uBBRls i B PSSt Ife 530 mmy
be configu ©dctds Mdid MroR&40AHELAURE ERS itdS SRbI Aot cdds Lhrtan enformARmne
subpopul ati ons of synthetic entities. The subpopul ation to be nodified may

be basedec@tired to gpmpicsnthetequest agd sptyyspeindes brpket40pitp iateevedbe sguaedd wit h

t he synt. i C.DO i / / i ecl fi he
e L A P R G S
| ocat i onunweirkglatict @dedsd tosdoggt il reqiiast. t 1o cdtdseasd thekenul itxa)pdgsbroker
external data . may include the probability that entities of a certain

demogr aghiPeqyires snforpasion fram seurees Bavieh heesor havesseessene: gseerdingty:| and has
been SPIAKEdollol RouaRRL LG HE brddf €14 EeRHOPARHIRI O rhqREn M8 fcbed 1S
identified, replacenent activity sequences are i1dentifie or the
subpopultabkad.l 0 Thers epascisedge bpkasdinand dt4 tovidllgctabe indnmesiomayd beite it

identified froma .set of possible repl ment activity sequences based on

externaﬁogﬁPﬁggﬁﬁ?Bﬁe?ﬁ*@%ﬁﬁ%?@ﬁ*ﬁ%@%?gﬁﬁg the scenario being studied.

Repl acengpé1)achiaviifiin 36 HeQNAERLSRYeshIRCHHIR—ABY b&%e}%@ﬁer%@{ &Evh%éjbﬂoﬁela_ city
Wi o

other than a honme city, mlitary assagnnents, r awal ome during a
pandeni cd06gictenminss that piditionad datalinnesdae teegrvand ettt requestiblnoyouicat i on nodul e

330 may b onfigured to defi | tiple represent.ations one or nore
Synt het (st Ry e Bt T oL E B arBlPR bR A St o
sequencesk odifbré Serdiet BfdkeRNIPr&NdE SRINESEE-dVcPEodr@ins@dredibn Rasre bsketshe
external data and/or scenario information. [0069] Referring nowto FIG 5,

a flow dPagiiahing sequastpr Bribs sxapplcshewn Hall(hé Ay saice prokspaP@snagns a
construct.i . ) I jon is
shown, - 00T TRS b certRe Ot L. BN SRRV LY SRUSKRBR BB APUIRE 2,
entity hhokguiradhiféraiatiog. Skeidertroktorad 1 Danderpoge clgd ok&O3P0 andl424,st eni ng
for requests (step 510). Once the entity broker receives a request, the
type of rﬁ%Cﬁl\@Zﬂé@f@Wl@%&é@%@@anzfgfr%ﬁgomsls and 520). If the request is
for a s £fje (o \VY i i 10, the
entity gpg‘ﬁr %%%?gg?ﬁgﬂﬁggﬁééfﬁP%kﬁ%gg?H%ggﬁgﬁwg%wgggggﬁgggﬁ%step 525) and
r espondsllussranag dgrertways diip&tiB0ming stfemmBRO)usingdodiQls 4t shéren raggerdstg tbs an
entity request, o request for a service provided. popul atjo

const T uckro b aPefaEes. Tt teeXamplristraaal Mt i 1S ABnut 42 der at  on
and/ or syptBekhCa &Nt YrokeSHM, Alnech Mthi shBRnd BAURRE bRdcRAIE Sdisaks (step

535). If not, population generation nodule 320 generates the synthetic
popul at iSsrvienbiolser 4idns Hetpaceng of pdge trekapdsaad Hivdkngdrhos eeagss toglishep 545, | f

h hetic.. | at i / ' [ d '
500 pt odbit A ALt ARa AT 8 oY BAEH il gl T BRI R S et

is to nadbivy it PRG syMinbRIdESthe8PME 8l gcrokdrh 4theldpestdents Mdesrvitetbroikglaude
nmodi fyi ng .the synthetic popul ation, the desired information about the

popul at iashn ptsughire @ end aksel ifchiden seyice drelsr 86%) Hawavesr Bsdimeare 460 managenent
Bl ' ' : gP .

Popul at 1 iR s oty b EINERls R VAR IR IO G DoAY B OSS 0

subpopultabkwrd6hashibe anturespaest eded soka B85)n strdctie 460 peprtabhioker 4521 Hak ng

nodul e 325 nmakes any.requested changes or additions to the attributes of
one or ASFESH alf the 18fpRmpEN r@S%@qStaiV@iabéq torgdlge Syakendtq utglgptmelithesnaqestsep
560), ang itdareatiby rREQKES off eﬁ%@ﬁfo‘%ef R resibt ?roﬁéﬁ £, ﬁrl_%g:)aré?l@gf ts the
results to managenent nodul e 305 (step 530). If the request i1nc es

cr eat i ngrokerdd it stiuvtpra 46Qdpe perdeas fochs irdernpdipu resbiiers abalige drd@0 4d%r f or ns

t he request subpopul ation creation/nodification (step 570), and the entity
broker formats the results (step 550)_@od posts the results to nmanagenent
nodul e 305 (step 530). [0071] Referring again to FIG 3, network
construction nodule 315 is configured to generate a social contact network
based on the interactions between synthetic entities in the synthetic
popul ati on and to neasure and anal yze the generated network. Network
construction nodul e 315 may include a network generation nodul e 335 and a

. a o ~Nr—- " Y o



[0072] In one exenplary enbodi nent, the situation being represented may
relate to determning participation in a cellular phone connection. The
verti ces wb 20toe1208asul t i ng graph nmay represent peopl e, | @catisens/o3@sd
cellular towers. Edges may connect all vertices representing people on a

particular cellul ar phone 11, | ions of those people, an el ] ul ar
tovers | AomalRERITE 4R ?hqmw%c'%ﬁv%?lkd%ﬁ? yen€bigkersios iy A a
confi gurgg ih@lu&&@éﬁo%diﬁ%ﬁdﬁg&r%é'%ﬂ? 8SHARBROkS 498 sfaeh@ns%rd%g gliokgnﬁf/&{ %{éilegdte)y

network generation nodul e 335. Types of neasurenent net '
degr ee dilstspriyos camdinR@dbroken 484t i(mordisdimmteeker g8 paimstscivibee brokgr 462,
shatteri expansi,on et yeenness, et The,.neasure rformed by
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r epr esent8ad Askhe basasufi@ieoinpafienfdistractulky 48614600 knddtdl, ysiess taodul e 340 may
be used (e.g., in conbination with features of other conponents_ of system
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and/or infer a erent uncertainty in the output. [0074] Referring now
to FIG [005Y skefpirmgusertoifiGedEacdiag@m dftratontralsthetunt #90 méadinigytoa user to

interact with s stqﬂglgﬁsjs shown, accordin tq»an qgg@@lar¥%Fnb di ment .
User i ntBYFREERCHOROIS S hets shaviiskorriiede Ao e8eBplali dp e H- 1ogHPl t o
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interface 600 includes several fields that may be used to receive input
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the user_tpo view an di,it the na of the experine el ng._ conduct ed.
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the owner or creator of the experinent. Description field 608 provides a

descr i ptmigdleafars/gilizsd §y dhragdee thegkest may insudeKdoluyspEpndrsts NaRdpl qteakdes i el d
610 all . ' edi 0, '
ndependiaicrt Gl 3FR ikl BT Sifidbbel RO MNEEs Ctnch SPbo Bl FonsPlndior,
associ atdach ishdurcdstie cexpetatioremd ddtebtlid favel 4otk phadibdwsachive resd@rcet in vi ew and
edit the n¥Pber of cells, or scenarios for a specific set of input
paraneté?@i”5§§%%V%ﬁ¥ﬂ?hﬁ9§h the experiment. Time field 614 allows the user
to view [96@4]edAéco}&lﬁR%m%#cng{:rgB%d%eﬁ& GmmFRE &h vd %X&%nﬁél% dE@%ent

experi ment covers. gion fi permts the user to spec
r el evantwgsodppapding on ¢ menfofmandehnee dodpadi thequantiBegfi dautn foi bel e cliabedraln i ncl ude

several predefined geographi.c regi ons from which the user can.select (e.g.,
oy oo Bt e el Sk 82 B el R b e Mo Hat SR 0BRSS £+ The
di sease feno\ding%@@%rmioﬂq)aﬁ;g_@H&&fﬂ il theleREMEXPEEIVEENM highirgRASanddcelid 618 nmay

i ncl ude several predefined diseases fromwhich the user can select. Initial
condi t i owsddd, edgt Bokerpeermicrisd thhessme seyios drelesr maydeadavied fodgecctlyesent  at

the onset of .t he experjinment ~and..nmay include several, predefined conditions

f r om whi iR il Sear Eah et PR by o § Bt Biio e A4 05 Or R, e
user to fash@®linfdr@MiONExPhndBKEh AY dittalldaid ftgr Venighepomihatte yeoisdef i ne
the nmethods that are enabled in the experinent. Intervention tabs 624

i ncl ude deaibd, poervicgeddices Bigy be cvmﬂémxﬁé%éibﬁﬁvq%ttweﬁompﬁn@ﬁea@rfb@di ment, tabs
may be di.spl f I il i ti.on t t he tabs
ol cot edoroRfcmsdafil s Re BBt LR R0 TR CRIR R beFit

exenpl arsgrvécd) a dometiincatibie proaaol Aathiae HTTR er WENtal spocitladed pastobid elosigadderot ed
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vacci nation 1 ntervention. Conpliance field 8 allows the user to specify
paraneters regarding conpliance of the selected subpopul ation(s) in
obt ai ni ng vaccinations (e.g., percent of selected entities that obtain
vacci nation, initial vaccination percentage, final vaccination percentage,
etc.). Trigger field 630 allows the user to specify when the vaccination
intervention is triggered in the experinent (e.g., the day of the
experinment on which the vaccination is provided to the sel ected

subpopul ation(s)). Efficacy field 632 permts the user to define how
effective the vaccine is in fighting the disease (e.g., percent of selected
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[0077] As utilized herein, the terns "approximately," "about,"
"substantially,” and simlar terns are intended to have a broad neaning in
har rony wohotoneostenrmon and accepted usage by those of @caiusarp/03t98T| in
the art to which the subject matter of this disclosure pertains. It should

be under d t hose of i,I] in the art o,feview this disclasure that
these. t dINETa Ering et ' 5 1-ohaeiet it saragdie HefdPitandares
descr i begt At EACTRto WhadIAUbubERST M A 0GR st ERE: bRALURER t O

the precise nunerical ranges provided. Accordingly, thése terns should be
i nt er pr etagdbrakerd 385 samamgetdattutilizediby trantdecatenomoidnle 308 sialedingatoring,

nodi ficatjons or alterations t he subjec tter scri.bed are,consi dered
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intended to indicate that such enbodi nents are possibl e exanples,
r epr eserffat pidrigenembingrfacey (ge.rvataro fafa 68n poacseised vathpeiditias knewledaeosuch

termis t i n £0.Cco t enbodi 1 C rily
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or i ent atdfenctafataraith ciesclieh® ardros speaificdhietfacesae.gQrudiSqd. frrptdwerelapaalpl ary
enbodi nepts, and that such variations are intended to be enconpassed by the
present W@ORIYUREESIEEBO] It is inportant to note that the construction
and arr i | eyents is
T et r o o o B T T ARG ok R TR Y et hRgy

om ssi ornbatreay balsal tbentmadewith ntanegaiesit grodaled 0ardatinde weatmbbditteat, War | ous

exenpl ary enbodi ments wi.t hout .departing. fromthe scope of the present

i e oo TEAUE P e Sati Gl a SLIHE! SohbEpIoee et R 6 & e and
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operations. The enbodinents of the(fresent di scl osure may be inpl ement ed
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pur pose comput.er processor for an ropriat.e system incorpaerated for this
or - anot HEr Bl ol SR SgyAng Rl FRR Y Lo B BBl E oaPEoURE AR Hoke®scope
of the PsgsERtussidSEl@sUrie thcnafoutetid @GhaipeTAeatrsk38Pr i si ng

machi ne-readabl e nedia for car{ying or havi ng nmachi ne- execut abl e

i nstructl08 dPatadrekesdrLmpyipks it AhEreion compRIFnhlghioReseéadabl e medi a
can be %Yab@ye@!gbé‘%%i@?&'aﬁ‘a ePf(ﬁ iy erﬁ%?oed%f{ffbsb&éta@ ﬂ?e”&&aaéeé&wé pose or
COo ot her C y way of

speci al purpos uter o ine w a processor.

exanpl e,cosipohertandyi geevicclbandhiabase dhdepeadent amdpddtstenseApdci iR udsBROAMch EEPROM
CD- ROM or ot her optical disk storage, magneti c di sk stqrage qQr other
magnet i (126 WPkgeldadcisauiro? SRRt EHe perivisa comPNRng Frreash Bae asdyakase carry or

store degtfadREQAAIT ASrditr 858 FO dLRbhITHG AL OKECHARLE A SES et T onsS

or data structures and which can be accessé y a general purpose or

speci al spuiqoseh cdatputkdatdraset dnd X vMbahpasgonies, thealapr wokgsoay. rehienat least
information is transferred or pravided over ,a network or another .

comuni é}yﬁSmate&ﬁWéEWl%comOPE@ﬂnﬁﬂ}caw ¥ adaty rce SamPeRSAREE RS | on of
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connection as a nachi ne-readable medi um Thus, any such connection is

pr oper | yatee metadlaty, date madeficagiagtabice Quipitidata Ganbe placddong defabesretabloove are

al so included Wthin th 0 f machi ne-readabl e medi a .
Vachi ne- RSt i ALY ProterbGR8 e ™ noRGder P e e TR et vrepissta dat a
whi ch catsgotBelg@ier al purpose conputer, special purpose conputer, or
speci al pur pose processing machines to performa certain function or group
of functl @5@ _ Management module 305 may also include one or more data set construction
brokers 360 configured to construct and manage input data sets used by management
module 305. Data set construction may include at least three phases: (1) identifying data for
extraction/modification, (2) for selected data, performing data set-specific construction
operations and extracting subsets of the selected data, and (3) for selected data, outputting

resultant data sets. The first two phases may be generally applicable to all tasks addressed
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[ 0082] Although the figures may show a specific order of nethod steps, the
order of the steps may differ fromwhat is depicted. Also two or nore steps
may be pewbapmedossoncurrently or with partial concurren®€eT/USRo1MABI98US
enbodi ments, nore, less or different steps may be utilized with regard to a

particul.ar, met hod wit hout departing fromthe scope of the present

di scl osUPelatiie ﬁor}ﬁ&w%%ulaﬁgwpﬁ%ﬁ &%8%%6%1%0%@%&?\%?%1%8Rﬁarsbawar e systens
chosen aaﬁsgli%o%ﬁagﬂ@ hn®hRY 66 det®hinS¥ iR fdrt B48d Bh TheMdehd o thbacgape of

t he di sclosure. Likew se, Software inplenentations could be acconplished

wi t h st aapdheatiopr ogr anmi ng techni ques with rule based | ogic and other |ogic

0 O, S S GRS B RSB Ry SRR o1

conpr i sidng:automated capabiliBEEinGFhiBh&y BEHIRrehn beactailce bg‘&@do@dih@ ghdidi ng
conput er - execut abl e i nstructions that are executable by one or nore
pr ocess Absracsing spausaesstof antprsetherdonsratiganel st wgrsanpepieasdielt xolpref a

; i()ltoﬂf‘;it ?a%ﬁi_létﬁ'@ B AR CRIP LY mIFE HaYd JrddREdIALR MRS Sicidich tar get
seq{lences, save result data subsets for future use, and/or perform other tasks. Further,
scripts may be selected from a catalogued library, automating the data set creation process.
Additionally, an automated template generation component may be activated whereby
sequences of interactive operations are recorded, aggregated into scripts, parameterized for
more general use, and catalogued in a library.

[0060] Data set construction broker 360 may include a request component through which
a user may interact with and/or manipulate management module 305 input data sets. The
request component of data set construction broker 360 may share properties similar to that
of data broker 355 (e.g., web browser interface). The request component may also include
subcomponents such as a database request subcomponent, a broker-specific request
subcomponent, a script request subcomponent, and a data extraction request subcomponent.
The database request subcomponent is configured to provide an interface to guide a user
through building database-independent requests for data and/or data updates. In some
embodiments, the database request subcomponent may utilize database metadata provided
through a web browser interface to build the requests. The broker-specific subcomponent is
configured to provide data set-specific user interfaces for data set construction (e.g.,
customized based on the input data, such as transportation-related data, epidemic-related
data, etc.). The script request subcomponent is configured to provide control of generation
and parameterization of data set construction scripts. The data extraction request
subcomponent is configured to work with other subcomponents to facilitate generation of
chained sequences of database operations to construct a management module 305 input data
set. Data set construction broker 360 may also include a core service component, including
subcomponents (e.g., database service, broker-specific service, script service, data
extraction service) directed to processing requests received from the subcomponents of the

request component of data set construction broker 360.
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constructing a synthetic data set including a synthetic popul ati on based on
the input data, wherein the synthetic population includes a plurality of
synt heti cwenviorizessls wherei n each synthetic entity has aPOmArSR@00B@®87
correspondence with an entity in the target popul ati on, wherein each

synt het i tity is assigned e or. npre attributes based. on information

i ncl uqedﬁ?‘ﬁﬁt g haggmen P dulc ﬁ§€ B HE S R AL Pk aPTF Bt bb‘ﬂiﬁ%{ X y of

enti tiegohflghe td AsBein tROPKLASH ¥ modification of the synthetid POBEIRLSNIERRY T Vi ty
schedul es for each synthetic entity in the synthetic popul ation, Wwherein
each syrirbletri36s dutcitipys dssanasige drdar foir akeasing sereicagof papulatioo lkentustiased on

the attribute i.gned.to nthetic.entit nd i nformatd on .i ncl uded in
the act TOPRE B SERlR Brosteha b Fasdhb bl 86 Ritbtscto: Fa s bt tORue i T oe of
t he SYDtdaﬁét%&_tiBﬂfrﬂddmeaﬂ@ anB Publes ﬁlok@ﬁ@bﬂc@sﬂoraﬁﬁh@dra{aﬁ_dn Wkdtangackntagt i vi ty;
receiving additional data relevant to the situation being represented,

wher ei n brpler 3@ inalules thegams comppaerds olan ¢dge breker (easmierpstign sx¢haage,

i nf or mat.j 0 : . [ ' t i ata set
based orn@atSshERR transtaigr, service vrapper. MBabd G o In YA ELLALGE 2 251
I ncl udesconporgitatormganagink é@stacoPdectwsn minabac@dalbdul OB ardigiopulaciori ved

fromeach of the at |east two distinct information sources into. the.
synt het i ©n¢f&csos godylesHY. SHeypiedssil irgpdngatopyiagion coryiasionand ppdifisgfiany t he

synt hetijg p&@%ld%io%!;vitﬁ Rference to the components of population construction module 310.
[0062] Management module 305 may include further specialized brokers as needed to
perform various functions of management module 305. In various embodiments,
management module 305 may include one or more model brokers 370 configured to provide
access to models and simulations, one or more resource brokers 375 configured to manage
requests for computational resources, and/or one or more security brokers 380 configured to
provide security (e.g., authentication and authorization) services within management
module 305.

[0063] Population construction module 310 is configured to construct and/or modify the
synthetic population used by management module 305, network construction module 315
and/or other components of synthetic data set subsystem 104 to create the desired situation
representation. The synthetic population includes synthetic entities that may represent
entities in a real geographic area (e.g., the United States) or a virtual universe. Each
synthetic entity has a set of characteristics or attributes that may be assigned based on
information from one or more input data sets (e.g., the U.S. Census). Each synthetic entity
may be assigned to one or more subpopulations of the synthetic population (e.g., military
unit, factory workers for a specific factory, students or teachers at a specific school, etc.).
Further, each synthetic entity may be associated with a sequence of actions that may define
what the actions are and where and when the actions occur. The interactions between
synthetic entities in the synthetic population may be based at least in part on the activity
sequences of the synthetic entities. Population construction module 310 receives requests
from management module 305 and responds to the requests through one or more entity
brokers. Population construction module 310 may also utilize external data (e.g., received

from surveillance subsystem 106) and/or information about the experiment or desired
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generating a social contact network based on the synthetic data set,
wherein the social contact network is used to generate the representation
of the siw0Oabioonos846 2. The system of claim 1, wherePOTiUS200BB(Y8T
further conprises grouping the synthetic entities into a plurality of
synt heti ¢ groups, wherein receivi activity datg c ri ses . receiving

atti vi tyieaen ‘%B’ies%{“?ﬂ%‘r(&gi’FVGdeSE%B?n?%?”{%EHPQPEg‘g@ﬁB‘%F de9'9P0  wher ei n
the at | @agkisQEGydCH Migh n SERLGUIG 4nd nasBfaRede Eﬁltﬁélfcfbo‘bﬁﬁ?ibﬁahporfént ity by

mat chi ng each synthetic group wth activity data for one of the groups in
t he t ar gmbodopertatll wformaio? G:10/ir¢d GBLZBPE US3th¢tI3aP8Iation may t®. collbdedy st em
of ClainLlétWhﬁQﬁ?n the target population is a popul ation of human bei ngs
who resi‘d®" WY (TR def i ned geogr aphi c area. 4. The system of claim

1, wher g0064]hepdpanmpidh @bnsxeaod AbHElei3NOidyGhtloasSseatrl Eothpdirnt @vees.abl e to
I npl ement a synthetic data set subsystemincluding one or nore brokers,

wher ei n Ropglagigneprarationgaedile 420 kineslguredia genete thguyifctiopanatatipn deitusehe
steps ofi LG RENCH d‘éQFerdes'nﬂa&Jhem@%’eQ&R%E ins #%@Et%ﬁSEgeée&’&%?oé%(ﬁdﬂlé $HFQRf 1 gured
q%est or a servi Otnh ne or-nore bro e

to generate are e an e ers ar

conf i gurtectohfiglirgt f tdnsirbe theguestic populatiobby gdroreysd @epsahoehadn FI@,2Bvher ei n
the one or nore_brokers include one or nore edge brokers and one or nore

servi ce (BiRoREPS 22 nHepugh? g hxtsHgb nprbats used te SHtirIGLrBated hewpirtict o a
request i MIgWE : ' : ' to
Cpann a B ROR R eIl B ERARRTE S Ll hHCiORin R RV EE oo
usi ng r dmsed ges thotyphiof byrthetltgepalates beingheasgiuntet hEosgawpdd sgehsticce br oker
is configured to spawn at |east o addi ti onal ed%e broker to access

pHg EE‘H T1VE

r eSour ¢ HOREPPEGSCRtinG ¢ pepulgiion,of bymaps may Be de from census data, survey
data, etc. Attributes assigned to each synthetic entity may also be based upon the

population type. A synthetic human population derived from census or marketing data may
be assigned attributes such as age, income, vehicle ownership, gender, education level, etc.
A synthetic insect population may be assigned attributes such as genus and genotype.
Synthetic entities may be assigned to one or more groups, which may also be dependent
upon the type of population. For example, synthetic entities in a synthetic human
population may be grouped by household, occupation, communication device ownership,
income level, etc. Synthetic entities in a synthetic plant population may be grouped by
genetic modification or growth requirements. Synthetic entities in a synthetic insect
population may be grouped by resistance to a particular insecticide or probability to transmit
a disease.

[0065] Population generation module 320 may also assign activity templates and generate
activity schedules in a manner similar to that described above with respect to FIG. 2B (e.g.,
steps 226 through 232). Activity sequence assignments may be made based on attributes of
the synthetic entities in the synthetic population, group memberships of the synthetic
entities, external data, random assignments, and/or other methods. Activity sequences may
provide start times, durations and/or end times, and locations for each of the actions in the
sequences. The locations may include geographic coordinates (e.g., an absolute identifier)
in a real or virtual coordinate system or a location identifier (e.g., a relative identifier) that

has meaning in the universe of the population.
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6. The systemof claim4, wherein the one or nore brokers include at |east
one of a data broker configured to nanage data utilized by the synthetic

data set wWOhksygmesyy a data set construction broker confipgiinisdomwo3evanage at
| east one of construction and nodification of one or nore input data sets,

and an |ty broker cqnfigure manage at |least o of .creation and
modi f i ca0hes ol%w Ogﬁﬁmg?w“%o%?% i§epeeurcd o moa%y FREPrSY4 FRIRBHI ai m 1,
wher ei n GeREdatHeNd cRRQGH le SGRAERC hoHEIMAT IR GOEHY fof BRIIRAGERTa) e @ade.

hypergraph reépresentation of “interactions between the synthetiC entities in
t he synttyenimgpopet raedubn 3 0nvret einvepdrie papilagorn ¢ktingmodde 32 aby on cofiityt he

I tuati ' | yzi d h .J.on.
5 The SJerEmra S TR Bl DR SR s R RS RN Pl des a
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program product, conpri sing: . ,
or groups. Population editing module 325 may utilize external data and/or scenario

information in interpreting the requests and/or modifying the attributes.

[0067] Subpopulation module 330 is configured to define subpopulations from the
synthetic population and apply modifications to the subpopulations. In some embodiments,
synthetic entities may be members of multiple subpopulations. Subpopulation module 330
receives requests for creation or modification of subpopulations from management module
305 via an entity broker and generates a modification plan (e.g., sets of modifications to
action sequences, attributes, etc.) that can be executed by management module 305,
population construction module 310, and/or other modules of synthetic data set subsystem
104. Scenario information and/or external data may be used to process subpopulation
requests and/or produce the modification plan.

[0068] In one embodiment, subpopulation module 330 may be configured to modify
action sequences associated with one or more subpopulations of synthetic entities. The
subpopulation to be modified may be based on a function of the demographics or attributes
associated with the synthetic population and/or external data that is specific to the scenario
being studied. Demographics may include, for example, income, home location, worker
status, susceptibility to disease, etc. Examples of external data may include the probability
that entities of a certain demographic class take airline trips or whether a specific plot of
land has been sprayed with a pesticide. Once the subpopulation to be modified is identified,
replacement activity sequences are identified for the subpopulation. The selected
replacement activity sequences may be identified from a set of possible replacement activity
sequences based on external data and/or information regarding the scenario being studied.
Replacement activity sequences may include activities performed in a city other than a
home city, military assignments, withdrawal to home during a pandemic, or other activities.
In some embodiments, subpopulation module 330 may be configured to define multiple
representations of one or more synthetic entities (e.g., having different attributes and/or
activity sequences) and to determine which representation to select based on the external

data and/or scenario information.
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one or nore conputer-readabl e nedia including conput er-execut abl e

I nstructions that are executable by one or nore processors to inplenent a
nmet hod ofwQensyibdsng a representation of a situation, tIRETHSRMOM30987
conprising: receiving input data regarding a target popul ation;

const ruct i synt hetic a_sef incl udi a synt I.c_popul ati on based on
the 1 npdb0l, RuReGon ord00 i Nt REehoB A2 B A0 Uite G Ot y o
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correspondence with an entity in the target popul ati on, wherein each

synt het isboent dccgrding taswicyemplagnembedimonte Paocass bOA begitrasigll amentitpborkent i on
I ncluded_in the input data; receivin tivity.data for a plu i of
enti 11 cdmHE G P Bap g B B0BThd ihifiPhe? rifieaf cenbth P
schedul age E@ity Baskr f¢BivBEA Fquesttthé Yypeldf tHteregiddt RefetcempRBYSEHS T3, angher ei n
each synthetic entity is assigned at | east one activity schedul e based on

t he att ri20ut Bshareqneshsdor dseriise gohpmetded be populgtianepnstidioparedite 3 Hetheded i n
L e T
management module 305 (step 530). 1
[0070] If the request is an entity request, or a request for a service provided by population
construction module 310, it is determined whether the synthetic population and/or synthetic
entity associated with the request already exists (step 535). If not, population generation
module 320 generates the synthetic population and/or synthetic entity (step 540) and
proceeds to step 545. If the synthetic population and/or synthetic entity already exists,
process 500 proceeds to step 545. At step 545, it is determined whether the request is to
modify the synthetic population. If the request does not include modifying the synthetic
population, the desired information about the population is provided and formatted (step
550) and presented to management module 305 (step 530). If the request includes
modifying the synthetic population, it is determined whether the creation or modification of
a subpopulation has been requested (step 555). If not, population editing module 325 makes
any requested changes or additions to the attributes of one or more of the synthetic entities
of the synthetic population (step 560), and the entity broker formats the results (step 550)
and posts the results to management module 305 (step 530). If the request includes creating
or modifying a subpopulation, subpopulation module 330 performs the request
subpopulation creation/modification (step 570), and the entity broker formats the results
(step 550) and posts the results to management module 305 (step 530).
[0071] Referring again to FIG. 3, network construction module 315 is configured to
generate a social contact network based on the interactions between synthetic entities in the
synthetic population and to measure and analyze the generated network. Network
construction module 315 may include a network generation module 335 and a network
analysis module 340. Network generation module 335 is configured to generate a social
contact network (e.g., represented as a graph such as a hypergraph) based on the interactions
between synthetic entities from the synthetic population. The graphs generated by network

generation module 335 may be time-dependent or static projections of time-dependent
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receiving additional data relevant to the situation being represented,

wherein the additional data is received fromat |east two distinct
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generated graphs.

[0072] In one exemplary embodiment, the situation being represented may relate to
determining participation in a cellular phone connection. The vertices of the resulting graph
may represent people, locations, and cellular towers. Edges may connect all vertices
representing people on a particular cellular phone call, locations of those people, and
cellular towers involved in the call.

[0073] Network analysis module 340 is configured to compute structural measurements
on the graphs generated by network generation module 335. Types of measurement
methods may include degree distribution, RO-distribution, shortest path distribution,
shattering, expansion, betweenness, etc. The measurements performed by network analysis
module 340 provide quantitative methods to compare different graphs and, accordingly,
different situation representations (e.g., corresponding to different decisions and/or different
action choices presented in decision analysis subsystem 108). The measurements may
require less computational power than performing a complete simulation and may allow a
more efficient understanding of the dynamics of the situation being represented. The
measurements performed by network analysis module 340 may be used (e.g., in
combination with features of other components of system 102 in some embodiments) to
infer statistical and protocol level interactions, rank various (e.g., user-defined) policies in
an order, and/or infer any inherent uncertainty in the output.

[0074] Referring now to FIG. 6, a sample user interface 600 that may be utilized by a user
to interact with system 102 is shown, according to an exemplary embodiment. User
interface 600 may be one user interface provided with regard to representing the spread of a
disease in a particular geographic arca. User interface 600 includes several fields that may

be used to receive input from the user and/or provide information to the user. Name field
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12. The program product of claim9, wherein the conputer-executable

I nstructions are further executable to inplenent a synthetic data set
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nodes. may include several predefined diseases from which the user can select. Initial conditions
field 620 permits the user to select the conditions present at the onset of the experiment and
may include several predefined conditions from which the user can select.
[0075] Intervention ficld 622 allows the user to select from one or more available
intervention methods to define the methods that are enabled in the experiment. Intervention
tabs 624 include tabs for each selected intervention method. In one embodiment, tabs may
be displayed for all available intervention methods but only the tabs selected in intervention
field 622 may be active. In the displayed exemplary embodiment, the vaccination
intervention tab has been selected and a vaccination menu is displayed. The vaccination
menu includes a subpopulation field 626 that may be used to select some or all of the
subpopulations defined by subpopulation module 330 to receive the defined vaccination
intervention. Compliance field 628 allows the user to specify parameters regarding
compliance of the selected subpopulation(s) in obtaining vaccinations (e.g., percent of
selected entities that obtain vaccination, initial vaccination percentage, final vaccination
percentage, etc.). Trigger field 630 allows the user to specify when the vaccination
intervention is triggered in the experiment (e.g., the day of the experiment on which the
vaccination is provided to the selected subpopulation(s)). Efficacy field 632 permits the
user to define how effective the vaccine is in fighting the disease (e.g., percent of selected

population for which the vaccine is effective, initial effectiveness, final effectiveness, etc.).
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system 102 to define certain parameters of the experiment using default values).

2% ¢ 2% ¢

[0077] As utilized herein, the terms “approximately,” “about,” “substantially,” and similar
terms are intended to have a broad meaning in harmony with the common and accepted
usage by those of ordinary skill in the art to which the subject matter of this disclosure
pertains. It should be understood by those of skill in the art who review this disclosure that
these terms are intended to allow a description of certain features described and claimed
without restricting the scope of these features to the precise numerical ranges provided.
Accordingly, these terms should be interpreted as indicating that insubstantial or
inconsequential modifications or alterations of the subject matter described are considered
to be within the scope of the disclosure.

[0078] It should be noted that the term “exemplary” as used herein to describe various
embodiments is intended to indicate that such embodiments are possible examples,
representations, and/or illustrations of possible embodiments (and such term is not intended
to connote that such embodiments are necessarily extraordinary or superlative examples).
[0079] It should be noted that the orientation of various elements may differ according to
other exemplary embodiments, and that such variations are intended to be encompassed by
the present disclosure.

[0080] It is important to note that the construction and arrangement of elements shown in
the various exemplary embodiments is illustrative only. Other substitutions, modifications,
changes and omissions may also be made in the design and arrangement of the various
exemplary embodiments without departing from the scope of the present disclosure.

[0081] The present disclosure contemplates methods, systems and program products on
any machine-readable media for accomplishing various operations. The embodiments of
the present disclosure may be implemented using existing integrated circuits, computer
processors, or by a special purpose computer processor for an appropriate system,
incorporated for this or another purpose, or by a hardwired system. Embodiments within

the scope of the present disclosure include program products comprising machine-readable
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instructions include, for example, instructions and data which cause a general purpose

computer, special purpose computer, or special purpose processing machines to perform a
certain function or group of functions.

[0082] Although the figures may show a specific order of method steps, the order of the
steps may differ from what is depicted. Also two or more steps may be performed
concurrently or with partial concurrence. In various embodiments, more, less or different
steps may be utilized with regard to a particular method without departing from the scope of
the present disclosure. Such variation will depend on the software and hardware systems
chosen and on designer choice. All such variations are within the scope of the disclosure.
Likewise, software implementations could be accomplished with standard programming
techniques with rule based logic and other logic to accomplish the various connection steps,

processing steps, comparison steps and decision steps.
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19. The systemof claim 17, wherein the synthetic data set subsystem
conpri ses one or nore brokers, wherein the synthetic data set subsystemis
conf i gur edoto10gensasat e a request for a service and t he eoE/useowOB@8Hr oker s
are configured to fulfill the request. 20. The system of claim 19
wherein the one or nore brokers include one or nore edge brokers and one or

nore seryi el s, ein each edge broker is configured to respond to
a requeé%ﬁﬁgr?S%ﬁégﬁvgﬁpﬁ§herein each edge broker is further configured to
spawn a service broker if the edge broker is unable to fulfill the request
using resourcies toawht&h comphgiigaccess, wherein the spawned service broker

I's configured to spawn at | east one additional edge broker to access
resour ces needed taicfoqnfar Fornpieci-gggdabde media including computer-executable

instructions that are executable by one or more processors to implement a method of
generating a representation of a situation, the method comprising:

receiving input data regarding a target population;

constructing a synthetic data set including a synthetic population
based on the input data, wherein the synthetic population includes a plurality of synthetic
entities, wherein each synthetic entity has a one-to-one correspondence with an entity in the
target population, wherein each synthetic entity is assigned one or more attributes based on
information included in the input data;

receiving activity data for a plurality of entities in the target
population;

generating activity schedules for each synthetic entity in the synthetic
population, wherein each synthetic entity is assigned at least one activity schedule based on
the attributes assigned to the synthetic entity and information included in the activity data,
wherein an activity schedule describes the activities of the synthetic entity and includes a
location associated with each activity;

receiving additional data relevant to the situation being represented,
wherein the additional data is received from at least two distinct information sources;

modifying the synthetic data set based on the additional data, wherein
modifying the synthetic data set includes integrating at least a portion of the additional data
received from each of the at least two distinct information sources into the synthetic data set
based on one or more behavioral theories related to the synthetic population; and

generating a social contact network based on the synthetic data set,

wherein the social contact network is used to generate the representation of the situation.

2. The system of claim 1, wherein the method further comprises grouping the
synthetic entities into a plurality of synthetic groups, wherein receiving activity data
comprises receiving activity data for a plurality of groups in the target population, wherein
the at least one activity schedule is assigned to each synthetic entity by matching each

synthetic group with activity data for one of the groups in the target population.
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3. The system of claim 1, wherein the target population is a population of

human beings who reside within a defined geographic area.

4. The system of claim 1, wherein the computer-executable instructions are
further executable to implement a synthetic data set subsystem including one or more
brokers, wherein the synthetic data set subsystem is configured to carry out the steps of the
method, wherein the synthetic data set subsystem is configured to generate a request for a

service and the one or more brokers are configured to fulfill the request.

5. The system of claim 4, wherein the one or more brokers include one or more
edge brokers and one or more service brokers, wherein each edge broker is configured to
respond to a request for a service, wherein each edge broker is further configured to spawn a
service broker if the edge broker is unable to fulfill the request using resources to which it
has access, wherein the spawned service broker is configured to spawn at least one

additional edge broker to access resources needed to fulfill the request.

6. The system of claim 4, wherein the one or more brokers include at least one
of a data broker configured to manage data utilized by the synthetic data set subsystem, a
data set construction broker configured to manage at least one of construction and
modification of one or more input data sets, and an entity broker configured to manage at

least one of creation and modification of the synthetic population.

7. The system of claim 1, wherein generating a social contact network
comprises generating a hypergraph representation of interactions between the synthetic
entities in the synthetic population, wherein generating the representation of the situation

comprises analyzing the generated hypergraph representation.

8. The system of claim 8, wherein the hypergraph representation includes at

least ten million nodes.
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9. A program product, comprising:
one or more computer-readable media including computer-executable

instructions that are executable by one or more processors to implement a method of
generating a representation of a situation, the method comprising:

receiving input data regarding a target population;

constructing a synthetic data set including a synthetic population
based on the input data, wherein the synthetic population includes a plurality of synthetic
entities, wherein each synthetic entity has a one-to-one correspondence with an entity in the
target population, wherein each synthetic entity is assigned one or more attributes based on
information included in the input data;

receiving activity data for a plurality of entities in the target
population;

generating activity schedules for each synthetic entity in the synthetic
population, wherein each synthetic entity is assigned at least one activity schedule based on
the attributes assigned to the synthetic entity and information included in the activity data,
wherein an activity schedule describes the activities of the synthetic entity and includes a
location associated with each activity;

receiving additional data relevant to the situation being represented,
wherein the additional data is received from at least two distinct information sources;

modifying the synthetic data set based on the additional data, wherein
modifying the synthetic data set includes integrating at least a portion of the additional data
received from each of the at least two distinct information sources into the synthetic data set
based on one or more behavioral theories related to the synthetic population; and

generating a social contact network based on the synthetic data set,

wherein the social contact network is used to generate the representation of the situation.

10.  The program product of claim 9, wherein the method further comprises
grouping the synthetic entities into a plurality of synthetic groups, wherein receiving
activity data comprises receiving activity data for a plurality of groups in the target
population, wherein the at least one activity schedule is assigned to each synthetic entity by
matching each synthetic group with activity data for one of the groups in the target

population.
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11.  The program product of claim 9, wherein the target population is a

population of human beings who reside within a defined geographic area.

12.  The program product of claim 9, wherein the computer-executable
instructions are further executable to implement a synthetic data set subsystem including
one or more brokers, wherein the synthetic data set subsystem is configured to carry out the
steps of the method, wherein the synthetic data set subsystem is configured to generate a

request for a service and the one or more brokers are configured to fulfill the request.

13.  The program product of claim 12, wherein the one or more brokers include
one or more edge brokers and one or more service brokers, wherein each edge broker is
configured to respond to a request for a service, wherein each edge broker is further
configured to spawn a service broker if the edge broker is unable to fulfill the request using
resources to which it has access, wherein the spawned service broker is configured to spawn

at least one additional edge broker to access resources needed to fulfill the request.

14.  The program product of claim 12, wherein the one or more brokers include at
least one of a data broker configured to manage data utilized by the synthetic data set
subsystem, a data set construction broker configured to manage at least one of construction
and modification of one or more input data sets, and an entity broker configured to manage

at least one of creation and modification of the synthetic population.

15. The program product of claim 9, wherein generating a social contact network
comprises generating a hypergraph representation of interactions between the synthetic
entities in the synthetic population, wherein generating the representation of the situation

comprises analyzing the generated hypergraph representation.

16.  The program product of claim 15, wherein the hypergraph representation

includes at least ten million nodes.

-34-



WO 2010/120846 PCT/US2010/030987

17. A system, comprising:

one or more computer-readable media including computer-executable
instructions that are executable by one or more processors to implement one or more
software modules, the modules comprising:

a surveillance subsystem configured to receive input data regarding a target
population; and

a synthetic data set subsystem configured to construct a synthetic data set
including a synthetic population based on the input data, wherein the synthetic population
includes a plurality of synthetic entities, wherein each synthetic entity has a one-to-one
correspondence with an entity in the target population, wherein each synthetic entity is
assigned one or more attributes based on information included in the input data,

wherein the surveillance subsystem is configured to receive activity data for
a plurality of entities in the target population,

wherein the synthetic data set subsystem is configured to generate activity
schedules for each synthetic entity in the synthetic population, wherein each synthetic entity
is assigned at least one activity schedule based on the attributes assigned to the synthetic
entity and information included in the activity data, wherein an activity schedule describes
the activities of the synthetic entity and includes a location associated with each activity,

wherein the surveillance subsystem is configured to receive additional data
relevant to the situation being represented, wherein the additional data is received from at
least two distinct information sources,

wherein the synthetic data set subsystem is configured to modify the
synthetic data set based on the additional data, wherein modifying the synthetic data set
includes integrating at least a portion of the additional data received from each of the at
least two distinct information sources into the synthetic data set based on one or more
behavioral theories related to the synthetic population,

wherein the synthetic data set subsystem is configured to generate a social
contact network based on the synthetic data set, wherein the social contact network is used

to generate the representation of the situation.
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18.  The system of claim 17, wherein the synthetic data set subsystem is further
configured to group the synthetic entities into a plurality of synthetic groups, wherein the
surveillance subsystem is further configured to receive activity data for a plurality of groups
in the target population, wherein the synthetic data set subsystem is configured to assign the
at least one activity schedule to each synthetic entity by matching each synthetic group with

activity data for one of the groups in the target population.

19.  The system of claim 17, wherein the synthetic data set subsystem comprises
one or more brokers, wherein the synthetic data set subsystem is configured to generate a

request for a service and the one or more brokers are configured to fulfill the request.

20.  The system of claim 19, wherein the one or more brokers include one or
more edge brokers and one or more service brokers, wherein each edge broker is configured
to respond to a request for a service, wherein each edge broker is further configured to
spawn a service broker if the edge broker is unable to fulfill the request using resources to
which it has access, wherein the spawned service broker is configured to spawn at least one

additional edge broker to access resources needed to fulfill the request.
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