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TIHMEDH RN [ﬁ@ghq{(%g Invention The present invention relates generally
to graphical userinterfaces. More particularly, the present invention
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requiring substantial local memory, processing resources or network bandwidth.

Description of the Related Art

Moore's Law accurately predicted that computational power would
increase exponentially over time, and software companies have been eager to
develop applications that take advantage of the increasing computer power
available. Like processing power, the price and performance of data storage and
bandwidth offered in commercial computing devicés has been improving rapidly. At
the same time, software application architectures have transitioned from large
mainframe systems with dumb terminals towards distributed architectures in order to
take advantage of the capability of front end devices, such as personal computers.

Personal computers have become so ubiquitous that most

companies provide their workers with a dedicated personal computer on their desk to



software applications. More recently, advanced networking has allowed a
re-birth of centralized architectures, which have been found by some to

be easier, less expensive to administer, and less demanding of the end
waehsauiess. Ironically, old architectures such as those chggacieyz&d Moo
mainframes and "dumb" terminals have been reincarnated into today's
web sebrve,r architectures. However, users today expect more functionality
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end functionality have n rejected by users. In reSponse to this
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the concept of a so-called 'smart client’, which is capable of delivering a
sotFse aselieaserence. With the smart client architecture, a portion of
application functionality is moved to the end user device for execution
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memory consumption, networ nawi an ency are require

vy estmenianrddinrneiing dietacanaligiions preeitondasigned ar s
a grid (spreadsheet-like) component that provides users with the ability to
franbeygelinfisionaliirhirve tedutejeated hievaechical fashion. Such grids are
used to compile and agg?re ate massive amounts of data, such as data
I

relating to 5 SIbECRErBIR N TEREETLaAYI R WekspRisiapreataiyres
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delivering a robust user experience. With the smart client architecture, a portion of
application functionality is moved to the end user device for execution locally, which
takes advantage of the power of a PC desktop. Smart client architectures can be
easy to deploy since they often can be administered centrally because client
programs can be loaded at start up time. In theory, new versions of the program can
be deployed simply by shutting-down and restarting such applications. However, just
making the clients smarter does not solve problems with deployment and upgrades.

As computer applications become more sophisticated, hardware

upgrades remain expensive since increasingly powerful client devices and

infrastructure are required to implement the programs because increased memory

consumption, network bandwidth and latency are required.
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represents the biggest challenge in designing a thin smart client. Thus,

there is a need for new and improved systems and methods that solve

the above problems and that can deliver a truly thin, yet smart, client
application interface. 10 SUMMARY OF THE INVENTION The present
invention solves a problem with deploying and upgrading increasingly
complex investment analysis software. Many organizations can not
rapidlyladestnent and fivcreqiaivirdfigtap plicaitats he eae sétdregesignest around
afford the cost of the equipment and labor required to upgrade their
agrentsphaafraseatting) wwopnovicenthib aidoitvickisnfeensatith precassingo
resources demanded by the new applications. The present invention
raldesiafaoveltiondohatidl foreatbiizig tblei etfitishieteliviugtagddealre used
time data analysis of server based information onto a client side data grid.
Imceomilg BNSorgs [eater PR difeniésodlitaitresierh inyalaianekatiog to
thin-client interface is provided, According to some preferred
glotfoapRénliosh& antarantheliRids eakeeneratieaticesuted @nid bRt
device having a display, for displaying data to a user on the client device,

hes o iReebigee ehepnsy focapl SPNBHEDE 5e508reaRl andpiticiamm
repository, wherein the application 3 server is coupled to a remote .
o i viaakgeetioie iprah BwsatEHag S ERfRINAT tbeth) rBesvdhere is
a request for data from said user interface, (b) generate a query request,
passd JArtRE eADEPTBrYSG Rienssenshiasiias Scﬁfﬁ?giﬁqé(ﬁo% 8t8RaY®n

the application repository, to access the database, (c) 5 submit the quer

PEpISER @R LR) POV T dBIBDHELSTRSSROIREE APRIAURBerface.

request, and to transmit only a portion of the results to the user interface,

Wﬁmr ﬁpd on display configuration definitions
tor-thatts remote from the user interface, and (e)

identi hen an operation occurs at the interface, that requires 1 .
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rapidly adopt new and more powerful applications because they can not afford
the cost of the equipment and labor required to upgrade their current
infrastructure to provide the additional information processing resources
demanded by the new applications. The present invention includes a nQveI
mechanism for allowing the efficient delivery and real time data analysis of
server based information onto a client side data grid.

According to some preferred embodiments of the present invention, a
thin-client interface is provided. According to some preferred embodiments, the
interface includes a user interface, executed on a client device having a display,
for displaying data to a user on the client device, the user interface coupled to

an application server and an application repository, wherein the application
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and the identification for additional data; wherein the application repository

is coupled to the application server via the electronic data network and is
configured to maintain data relating to the user interface configuration, the
15 database and interrelations therebetween. According to some

preferred embodiments, the interface includes a user interface, executed

on a client device having a display, for displaying data to a user on the
steverdevicepike tser ierediaceatebplet @ an sipdicatiohdsevoetmarkannd is
application repository, wherein the application server is coupled to a
comiige 20 datdbhseceisan atteshioddainbaroseihdssciddansd (b)

(a) receive a request for data from the user interface, (b) generate a
geeeyata aasichaseduest thaseduwstiherregueahtpa dgier an@dageer interface
configuration stored on the application repository, to access the
dardigasalioe) sigsastandnfuappliegtiost repRBiPry. lecanresesiiesdrsabase. ()
database in response to the query request, and to transmit only a portion

pflmeir dg e R HE Ui RS Ve PBHtioArBEIHG ceatrRmsEd hERIRPHRE tO
display configuration definitions stored in a network location that is
fematefoifanesisanhterfns wWherhnasaritigprédhs i estiisoaitBig ser
coupled to the application server via the electronic data network and is
tBafigeredhe prlRaIRIRG JeIsiiNethatrd OnigaEy Cotfisiitian

the database and interrelations therebetween, and wherein the user
RRérTaies SsSKURAJOrB N REWRHIBFBHRNA RS IS ARGOET HAMR thar IS dulsskice,
of the portion of data provided by the application server, and in response
e (Rlispéfutivheiorr QresaHE RIS G b gitRaiasadn aldprayses
second range of data that is a subset of the portion of data provided by
iR SOV CabrRRRI G R0 S YdReHatBRARIRREE AR uery
present invention, a. method for rendering data on a thin client is provided.
iRty te SHR ipterirsAsrisiigdASispIanGanHeHIALS s Seipigpns
providing a client 15 interface; a step of defining a di?%z:%_confi uration of

andldhsciRtiisRE NPT RSRi iR BitigtiRarIn dBRARGHELGREPROS O is

network location that is remote , ,
coupled to the application server via the electronic data network and is

configured to maintain data relating to the user interface configuration, the
database and interrelations therebetween.

According to some preferred embodiments, the interface includes a user
interface, executed on a client device having a display, for displaying data to a
user on the client device, the user interface coupled to an application server and
an application repository, wherein the application server is coupled to a remote
database via an electronic data network and is configured to: (a) receive a
request for data from the user interface, (b) generate a query request, based on
the request for data and a user interface configuration stored on the application

repository, to access the database, (¢) submit the query request, and (d)
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from the client interface, a step of dynamically generating a query against

a database based on the configuration definitions; a step of transmitting a
portion of results of the dynamic query to the client interface for display,

the portion 20 being determined based on the display configuration

definitions stored in a network location that is remote from the client
interface, the query results consisting of a subset of an entire data set
eoceaspondints todhethbatd iaterface; respbhsthey theludiay asiepsif and to
identifying when an operation occurs at the 5 interface that requires
additiontadbdigta orticheotifebase lntbdberyssy theertatebése podion being
providing query results to the client interface according to the display
dendiguiatio i astiditorns smaytive idigntifitiat areforitollitisioae ddtaa network
According to some preferred embodiments, the method includes a step 5
tfqateidthgtasciemoisdrtaodhe s&g oftadiniignd dispiagacd Eiyulicativnof

the client interface and storing configuration definitions stored in a
repwesitie iy daonipiegt is tetnapy liesticinseliwitiadiacicatssis sfata network
dynamically generating a query against a database based on the
eoxfiguratoadefiiitsnainiaegaiptralingtiadha perionteriresirevigHeation,
dynamic query to the client interface for display, the 10 portion being _
thacipirieappard vtcthel dismayheirhgtinassh asfinvpisitdheguperinterface is
network location that is remote from the client interface, wherein the quer
eoifigreensneivtasapbes dit ﬁhréﬂﬂ%ﬁﬁﬁtééf‘éé#?e%;ﬁﬁ%ﬁb%’fﬂ@epom0” of
client interface; a step of displaying the query results on the client .
pesarRcevid padysther ARl GRIPIVRER'8 uSBAJPERIRA Ry IR 8t aT operation
additional page of data: and a 15 step of identifying the request and _
aAeastagydRRAIR) Bt tiianpdatandisplRviamhgesse AddARIRCb Sgéedhat is a
data to the interface according to the display configuration definitions and
febrj i dhenrediamg it algmeqyidrstiRutbmBeaineH GtaREpresent
invention, a computer-readable storage medium storing ‘ ,
computdFEXENRRN S ARG RGEFECS P IBP PAiTaERES YFdP S5 BrGRtien. 2
provided. According to some preferred embodiments, the

SoRpRReiordsaAR S ST IRGIIA ShsridTBRiER. According to some

preferred embodiments, the method includes a step of providing a client
interface; a step of defining a display configuration of the client interface and
storing the configuration definitions stored in a network location that is remote
from the client interface, a step of dynamically generating a query against a
database based on the configuration definitions; a step of transmitting a portion
of results of the dynamic query to the client interface for display, the portion
being determined based on the display configuration definitions stored in a
network location that is remote from the client interface, the query results
consisting of a subset of an entire data set corresponding to the client interface;

and further including a step of identifying when an operation occurs at the
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executable instructions for: defining a display configuration of a client

interface and storing the configuration definitions stored in a network

location that is 6 remote from said client interface, dynamically generating

a query against a database based on the configuration definitions;

transmitting a portion of results of the dynamic query to the client

interface for display, the portion being determined based on the display
easfgueation dejinienadciarecdniatadaiiartietiatib remetedique e lieat
interface, wherein the query results consists of a subset of an entire data
gatainusespod gingyioithectiient inteitfade; taadidentiftindga adhaccanding to the
operation occurs at the interface that requires additional data from the
datslbasafiguyaeoyingefietdats basetlaa iprdifidatipgUeryantitiis b dhea.

client interface according to the display configuration definitions and the
identifidationd ibQ flor scididigrefelata. doooding mdssodneenpediededciudes a step
embodiments, the computer-readable storage medium stores

obpputeingxe clitaiilerestaseti enstépr of efifinig @ digdsinlayconfiovatborobtthe
client interface and storing configuration definitions stored in a network

Wieati ontenbade seTel ctto frognosentios! fretivim tefardtio dgrdaialiy aietwork location
generating a query against a database based on the configuration
treftriticersotednemittiegchand iderieion sukieof dic dyaanicellyganpamrting a query
client interface for display, the portion being determined based on the

dizphst ecidiglhasioh agethtiviftestordiy inatintaebiniienss acianefisansmitting
the client interface, wherein the query results consists of a subset of an
sriivdidataf sesodreipbadigan e vereiedbmrligatdntantaemsinagiisg e the
guery results on the client interface in pages of data and when a user
ppeiatide ey detesamaddiesed padecoligatay seafigemiiomgefisitiegsedeored in
and dynamically querying the database and providing an 7 additional page

afreiveorl Reatianfial icconmtg teomd gispritdbifiReativhalefhierguery

and the request. Further applications and advantages of various
eeabbeligeasistaraha subset of an entire data set corresponding to the client

interface; a step of displaying the query results on the client interface in pages
of data and when a user operation requests an additional page of data; and a
step of identifying the request and dynamically querying the database and
providing an additional page of data to the interface according to the display
configuration definitions and the request.

According to some preferred embodiments of the present invention, a
computer-readable storage medium storing computer-executable instructions
for rendering data on a thin client is provided. According to some preferred
embodiments, the computer-readable storage medium stores computer-
executable instructions for: defining a display configuration of a client interface

and storing the configuration definitions stored in a network location that is



10

15

20

present invention are discussed below with reference to the drawing

figures. 5 BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a screen
shot of a client GUI interface having a grid according to an embodiment of

the present invention. FIG. 2 provides a detailed, component-level

description of the grid architecture and the underlying notification

mechanism. 10 FIG. 3 illustrates a paging algorithm according to an
emtmeifment sdithelipné sertinvendpnaRiG Y ideseaadio @ setuprgagaemst a
that collects user-driven configuration parameters. FIG. 5 is a block
digbased assystanitarconfigyragian dedlnitiimentran seittitgmresaitipn of results
invention. DETAILED DESCRIPTION OF THE PREFERRED
SNIBCIYNAENTGURNile the phesdnniaentdamibsobry ethb auieibin bedry
different forms, a number of illustrative embodiments are described
teteiminee rsaddendhadisglangomiapradent dpfclidiane stoeaén a location
considered as providing examples of the 20 principles of the invention and
Hadtisesempirérare the aliemdetetiarmittherandhashasprefettsgonsists of a
embodiments described herein and/or illustrated herein. 8 WO

SeosEb AT S0P IR E8/009SIONTHHE RO Al BYeRiRsRers and identifying
throughout this document as a "true" thin client because, unlike other

Whrit arcRrecalies afechaittindriectase thabregetiesmdditionaermimeom the
"thin" regardless of how big the target data set is. The present invention
dairbasesendHRIMiRS %%ﬁ%@aﬁﬁﬁrﬁfﬁv "i’él?@é?élﬁfa §Resli$ §ﬁh§]6 glient
multi-user shared database environments. Unlike traditional approaches
iienAciencaraie tauie dinrlresighiatanifsiippions anddhargdentification
responsive user experience when manipulating very large data sets
Wi’tﬁ‘é{ﬁ’ﬂ“%ﬁhﬂﬁbaproportionately large memory or bandwidth resources in

the client front-end device (e.fg. user desktop).
According to some preferred embodiments, the computer-readable

storage medium stores computer-executable instructions for: defining a display
configuration of a client interface and storing configuration definitions stored in a
network location that is remote from said client interface, dynamically
generating a query against a database based on the configuration definitions;
transmitting a portion of results of the dynamic query to the client interface for
display, the portion being determined based on the display configuration
definitions stored in a location that is remote from the client interface, wherein
the query results consists of a subset of an entire data set corresponding to the
client interface; and displaying the query results on the client interface in pages
of data and when a user operation requests an additional page of data, and

identifying the request and dynamically querying the database and providing an
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Traditional client/server applications are considered to have 'fat' clients
because the user devices that host the client application perform most of
the processing locally (i.e., on the central processor of the user desktop).
In particular, client/server applications are loaded and executed on a

client computer, and retrieve the data sets required from server

computers (typically hosting a Relational Database Management System
ARDBMS) paQkieotslate othgdetedans acherineyoribedrisnbatcaniiguration
maintain substantial (i.e., 'big") client side programs and/or data sets in
defileitito) perfotthensie fi@sttions properly. In the client/server world, as
program complexity increases or when data set sizes grow, the memor%/
footpriftahethenslvatioasieaslinenariasesef YationprpRyimeats of the
client/server fat-client approach has two critical shortcomings: first, as
nrereat dnvRIEgRORERiPappRBELRFIS Wy e s Gitn iR drauipgstgures.

desktops) must be upgraded as well as network infrastructure in order to

support the incregseg ngQEEEEg d data sizes, In the case of large
%@ﬁﬁz@" ~th ,.“.%u Eééentially hundreds or

an apiatnate GIRHARHEH kW (AT IS 6 6 508 et oring
C

an apﬁi@ti&dsa?esﬁﬁec%ﬁ

PCT/US2006/040999, application require reconfiguring individual
tReRRGIORS 1881 89@@% 'éerss‘i%@(r%.'nxg}:%'rodﬂi\hgly, a substantial investment of

informatign technol (IT)resource Id reguired.tq.effect.i :
timely ?eigﬂéno p?ﬁg%%/ﬁuﬁgrt@% the %ﬁ(egrﬂee?t\?v% 8bgrégl)%/vgséj(r:-' drggm%tg%?ﬁgd
development of n-tier'thjn-client' applicati itectures (e.g., web

e Lo Al A o R B e

applications, Such n-tier_thin-.client' licat; it e fth
e e s B B e A B LRt o e
thin cli?nt aé)r%roach, programs are distributed and centrally managed so

BheC Ry S

ya sméﬂpportion of the application programs are loaded and

executer o R GHELIS UGR A glaay instanss: (IS apRIAAch Afkfuration

client sidé components to at application start-up time.

Moreover m
paora%’e erss.’o €

FIG. 5 is a block diagram of a system according to an embodiment of the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

While the present invention may be embodied in many different forms, a
number of illustrative embodiments are described herein with the understanding
that the present disclosure is to be considered as providing examples of the
principles of the invention and such examples are not intended to limit the

invention to preferred embodiments described herein and/or illustrated herein.



applications may be able to use HTML, JAVA, or the like to deliver the
user interface and as a result, a web browser is the only program needed
on the client desktop. However, this approach has the problem that
vap phieasinnygscreens” are typically served up as static 'doCcypeRiS&idsds
to regular Internet content and, many business applications do not lend
themselves v\z@%to a static 'document’ delivery %ﬁproach. For instance,
I

real-time analy&i<YPHRAHR FRFEGERS Bravaidiindrsiacahs @ dientthin
CHEMIGEHMAT GRRUGMID 5%%94%&%&%&'%%%&98@3e!%%r%%teegﬁ 18.4re

made to pass up n-tier smart client applications as thin client applications

irvgclaimingathat thie” cighitdpregsamsasg gBalyhendtoadaed onto the
desktop at runtime. However, a large amount of data must be

subsequently ' [6aésepeforentve applisatizr tamduoitanytiirgealrsearbitrarily
| enoggp, these %geg’icationsstart out thin, but they can get as fat as any
HEE Bhicht Hrom thE QiR Er AR P S HAbaSAGRUEMIBANG oWIdkS a

Aruenthinsclientinterface th [ i inte remai
EEH R U R A
rietCarity 82006404 Q280 e gptfribevinteriaaipliR@hipvas drgerHes RRONBnout

previous interfaces typically cache the entire target data set for an
'GALBTRECEr AP Rk atRimdigeimendey t prodididtoonventiondl BRI Llient front-end

dfuncctii)/nali‘tgl. Ag, a result, prior art "thin clients" become "fat" in use.
FoWwe ver; Sc(?:ror%?ﬁ< B4 the present invention, a novel system and method
Y

are prOVidedﬁ%ﬁt@*@f"c&ﬁtﬂ@%r@ﬁ@%g?gg%%a@oa}!gé%r%%?rﬁwgavdea‘%tjrom

a data target and provide robust GU y functionality, w

chaaintasoingatthisemeviosy tootpEntiocibe iniRRaRN TREIBIAIAN! of the
invention achieves these and other goals by providing a multi-tier

PEIeHifdtIURs 2hat mcitite guien papsiisatiohtlieusapddretop providitigular,
ngf%lSt GUI functionality, such as a grid that compiles and aggfr{::-gates

IRALEREC A PRBLIRLCB? dhtdoadrd ApAcRIFGHISA R A (P thaP AP Hish Ragyetrieve
HRRRRIALER QUEN- (RSB AR MAIBamIERmOuTRaLARI

provided to the client tier and to provide feal-time updates andopaglnatlon
Difteretes; madaydatataseand RPBASOTIients are considered ‘fat’ when they
need to load and maintain substantial (i.e., 'big’) client side programs and/or data
sets in order to perform their functions properly. In the client/server world, as
program complexity increases or when data set sizes grow, the memory footprint on
the client devices increases (i.e., gets more ‘fat').

The client/server fat-client approach has two critical shortcomings:
first, as new and more powerful applications are deployed, client devices (user
desktops) must be upgraded as well as network infrastructure in order to support the
increased program and data sizes. In the case of large organizations, this could

mean replacing potentially hundreds or thousands of PC desktops; second, even if

the memory requirements for an application are unchanged, new versions of the



repositories tier. The database server preferably utilizes database triggers,
stored procedures or the like, to communicate with the application server
tier so that the application server can identify when updates to the data
waveoeesked in real-time or near real-time. The applicatiopeposieioso9
maintains client tier configuration information as well as data source
information, to which both the 8“@}8? r and application server have
[
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invention, a "true" thin client interface is provided that may have robust
b6 duedtimatidity imeltichelg &agrichwhich maintains a small memory

footprint on the client device. The present invention is particularly useful

in applicationSNh&PRYgray atdhatiearilyed Maysiverarnovetdisf data,

uch as finapcial computer applications; hgowever, the invention is not

T R e BB S0obirabio e e vepoORHDa0s
ablgicdiisng) seraenishab ffAn %%méma%lamt%fgsa%‘aﬁz?ﬁ@?'@m A4

This screen shot was taken from MACGREGOR'S XIPO ENTERPRISE
cCOMPRIsNGEapplicatien. Hidetsceomiante RniteingRpplisatans allow

trading institutions to set up rules and monitor trades, either pre-trade or
CHRd(sRAGE 2RF 08B dhtheeviRh ekl rotassinseo thenus ere digtits ied

client interfaces is ubiquitous and the present invention is not meant to be
aﬁr%‘alff%n rtacﬁ SUeh ?%?n%?a%%p%?%%%ﬂ%& ﬁeﬁﬁo&grﬂﬁ AP B TRBIPIEAT G s
IhRyRinEsesa distlaxasid Ry Aisniay A5rAURR Y RAKTY

(PM) 102. Underneath each port\%olio ma%gzer 102 héadin§%§ag%1s§p%§§%d
clietaditiackspohnfertoakonatelat bpplicensrespandingnto easkarsosthéor
the portfolio manager. Each detail block 102 a-c includes a listing of the
apainplianic® e 36letkat e EHuk, Thd/dardhdidisrieddlvendhalesailiblodkce
airpé:gusdaes deﬁa dra%/n directla(nf om 3\ relational data base and aggregated

e ST, S PERAFRE Ve AR U e

a,we owse
or calculated data. Eor ex

Hem 8 Very Jsieedata sale Alserpiainghiniutherdetall below;dhe

aggregated data is
served up as static ‘documents’, similar to regular Internet content and, many

business applications do not lend themselves well to a static ‘document’ delivery
approach. For instance, real-time analysis applications require a dynamic interface
and a client device smart enough to respond to complex user behaviors.

Attempts are made to pass up n-tier smart client applications as thin
client applications by claiming that the client programs are small when loaded onto
the deskiop at runtime. However, a large amount of data must be subsequently
loaded before the application can do anything. True enough, these applications start
out thin, but they can get as fat as any 'fat’ client from the client/server era.

The present invention provides a “true” thin-client interface that,

unlike conventional interfaces, remains “thin” regardiess of the size of the target data
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displayed without loading all the data locally. GUI interface 100 could be
implemented with any number of tools, such as WINDOWS FORMS and
FLEX GRID. Further, NET controls may be used to add functionality to
wiheoeigplaye Standard controls can be modified "behind thep&¢aRE& 110999
achieve rich control. Such controls allow data to be manipulated on the
screen, blocks to be expanded and data to be scrolled, paged-through,

Sebt HhiL AR fiEu i L G5 %AIBRS 2 R Pl MRaIiPGP Contrakebagrehe
S 'étbé’afg%?'%?%?ﬁmgn%@ the SE'a?Fr,{"'r'nSdrg{lﬁ-oT@?J&F‘F&%‘"‘"ty IS
standard to known grid objects. gUCI!‘I a grlg component will normally

copterfesahl @lUhristiaisntial. carubesdisplayeskanelihasisnesessarydom use.
generating aggregate fields, and keep the 12 WO 2007/047900

H@ETRU 8200610210998 matiestdatentenin maeiorystmtaedciietiiaideco be
used in handling user interaction, which can create client applications

PrRiPpSRahataY Uiy igniioriendrytd sl Aot Ry fRiaraesh

RS siale the pierpRtimeRTRR I IEaRAR-BTICIRRF MEsARPIsM
to maintain enough data on the client side to support a robust display and

fotlpEhERPaItehEafadthout having to pre-fetch the complete data set in
memory. Further, the present invention provides a mechanism for
reflecting redlhéimesgdatesiivteiizsiajhesrennih sharedalaty setviding a
multi-user environments. Fig. 2 is a component level diagram of

MeeHitedtHeSOHTEHE AT R ETeARTATE AR Ay RerR ACL BHARTE® an
SRR AL PIoERLINGIGRD. A ee J5t Ehises e o

ent applicatio ), a middle tier application server 84, and

arAdiltitel dterainclal i R BRPIsAe AdiepasipiiRRa g e rdRiahass server
208. The application 202 resides locally, for example, on a user desktop,

reguetisais argerdonzdivegapureamApplidatitn R02ide ¢ onfipurkehtdeicress,
display and analyze data from database server 208 via the middle tier

Prapphicaaoh s RS EroPaH Pt tiPiRKuRS 2 HURhBET BFEPHEATR for
re}ﬂ%{ rygdisplay Qnﬁgé‘ls}’e%k?%ﬁj?gfé%ga%'tﬂsfég DS BRRYGAUON 531
nclude a GUI form having standard gri
procedures or the like, to communicate with the application server tier so that the
application server can identify when updates to the data have occurred in real-time
or near real-time. The application repository maintains client tier configuration
information as well as data sourée information, fo which both the client tier and
application server have access, and which forms the basis of dynamic queries and
data update decisions. As a result of the novel systems and methods provided by
the invention, a “true” thin client interface is provided that may have robust GUI
functionality including a grid which maintains a small memory footprint on the client
device. The present invention is particularly useful in applications that aggregate

and analyze massive amounts of data, such as financial computer applications;

however, the invention is not limited to such applications.
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functionality for displaying aggregated data and the like. The number and
makeup of the GUI forms is not critical to the present invention.
Application server 204 is configured to utilize the information in
Bhligasiegrepository 206 and, in conjunction with applicatigp.202,.t0 440999
generate dynamic queries against the database 208 to provide data to
application 202 for display and analysis. As is described in further detail
below, applicajionisarvee@éndtidizessxigapiinsandtobieetsdaafiieiently
deliver data sets to application 202 so that application 202 requires only a
"grginallhiearoeg fodtprimes fakestays MAIRG REHROR 3 X MRENIGABAAI00
PC17US2006/040999 loss of GUI functionality, and to provide updates in
COMEIIANE o AP B Rt rR (2 RTBITNG) BGEA P Bee-oN Ay oo
nRIARASE Wedates I raal-imSoAPRICRUOM LeRASTOR 2B JNAING,
configuration information relating to application 202 (e.g., user display
coRglings suehtas @i prrfie seltingsusieldpriettionrelodats kase
source definitions of the database 208, and the interrelations between the
ubtfatishssendridecaiciian érveidsiays (eobmeatiapplictitorio aHahgiobiéct).
Repository 206 is coupled with both the client application 202 and the
aPRAII o server 204 by an electronic data network. The information may
be _stored inanyApRIgRYALR f430ieR-AENS RAMMARRAY R M kyrid o

documents are mainta at store the definitions: an application

di¢emplaiesdR6a Brgriebiemalaige2P0h, Il anaedela206emf tberdaiabase
schema. Of course additional templates may be provided. The application
maeager 202 hdatignsee séanley208:taidlnppsticatiidarmepositoRa 206,
referably reside remote from the client application_100, for examgle on

cogrﬁﬁmﬁﬁgt% f9e0eh BREALRHIET rorerdBllp P FashdHAL IR R dskd
Y320 %!&ﬁ%ﬁoa'sﬂt%?%g%eé‘mgg?oﬁaqat'aé&buﬂn MREUQSEGHEE AR in the

network suc rnet, etc. Communication and messaging
ddstween theRpplicat rdp2ireprlcation semw=20diadaiabase sainefa208

and application repository 206 may be implemented in any format or
oraetorditeg tesnyrsramdardestich meriret MAITP fietd is aggregated from a very
large data set. As is explained in further detail below, the aggﬁegated data is
displayed without loading all the data locally.

GUI interface 100 could be implemented with any number of tools,
such as WINDOWS FORMS and FLEX GRID. Further, .NET controls may be used
to add functionality to the display. Standard controls can be modified “behind the
scenes” to achieve rich control. Such controls allow data to be manipulated on the
screen, blocks to be expanded and data to be scrolled, paged-through, etc.

This particular form 100 allows a user to expand or contract each
detail block by mouse clicking on the "+" or “-" signs. This functionality is standard to

known grid objects. Such a grid component will normally pre-fetch all the data that

can be displayed and that is necessary for generating aggregate fields, and keep the

12



It should be understood by one skilled in the art that, although only a
single client application is shown, the present invention is intended for
implementation with many clients and indeed, the number of clients is only

Vigee Ryoshe performance limitations of the hardware and pejyWRks W% 9o
to implement the present invention. 14 WO 2007/047900
PCTYI1JS2000/040999 The system of the present invention is, .

e A SR BB R T A5 TRk G Foi R B LU S mIStRa

ubsystem (having

Whglaey hSicQSa%‘gnéﬁ{‘éEH%%gQWﬂ‘PBS{é‘ﬁXaﬁU%FQ%I@Q%@%%/G%Hiﬁmb

Isplay, pagination, etc. and a notification subsystem 202c that identifies
(. deaktinrHriates derdatavindthesdatahaseBOBraleigrminetdh stithespdates

will affect the current display on the client, and, if necessary, updates the
efficiienitrdisplaysm tearaintine retiebciie dathupivateddaifesdpRarhicepist

_subsystem implements the paging algorithm and_consists, of server side
RS 1 T G ToARacias PR S aeg
m&BbINg 10 SHRROH & GaNEYis A5l HksisampoReRt iiat candraprnested

to potentially any data source of any size. The notification subsystem
tinf QpigiRsd alHiras pragssagingshatficatansee gautding <tatavchamges and
synchronizes the dynamic grid data with shared database changes.
Componentsiof tRése epomsuiesydesphdiaasaprefcrabiieatfgeitfyfor the true
distributed between the client application Zog\églie ij%side ang.the .

i REA R SRS S (SR SE] LI O HA R ST ApSaton
th2 248 atPéH‘at%&&’r%stﬁHﬂL%e%%dcﬁQrﬂr&’&{n%'aﬂ the anlresysiamitmaie and
easy to maintain. As shown, the application 202 includes client side grid
apPYBRBIC QHickeQDAPane ateiZOBbr angudicanant iRppboatipnsieryiges and a
includes a page manager component 204c and a server side notification
datevasrle@04b20t application start-up, the client application 202 populates

its grid 202a, which may be an available program component suc
with WINDOWS 3RS %(P?EFRS(‘SQTEB?C&R% E?(EBWTol?Uvﬁﬁ‘%%{tge?gﬁ?'

sudc%tgg %Sge?s%%ﬁ%%mm. Application 202 is configured to access, display and

analyze data from database server 208 via the middle tier application server 110 and
preferably includes a number of GUI forms for interactive display and analysis. As
shown in Fig. 1, the application can include a GUI form having standard grid
functionality for displaying aggregated data and the like. The number and makeup of
the GUI forms is not critical to the present invention.

Application server 204 is configured to utilize the information in
application repository 206 and, in conjunction with application 202, to generate
dynamic queries against the database 208 to provide data to application 202 for
display and analysis. As is described in further detail below, application server 204
utilizes algorithms and objects to efficiently deliver data sets to application 202 so

that application 202 requires only a small memory footprint (i.e., stays “thin”y without
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configuration settings stored in the application repository 206. However,
the client application 202 does not itself directly query database 208 to
populate its grid, which would result in fetching of all data for the grid.
wisteadhstag information regarding 15 WO 2007/047900  pe/us2006/040999
PCT/O0S2006/040999 how to populate the grid is stored remotely. Such
client configuration settings are preferably user configurable. The

*Oaﬁﬁfi%{iéﬁ“ﬁb%ﬁ{%oaé? Orﬁmi_fs%% PHRGE eSS YHHT Based siiBRent
(€. .,29(:FBfﬂ%#foé:aege{%gﬂgg%%%%fcgg%aggé‘é%!”85;%’%55:%9;@988‘ Model-

lew-Con mewor or contro e grid, and a
client side npfiscdion fayvaweylo@dzeitannarding datainditeation
notifications. The MVC framework 202b includes a dynamic grid control

re(2)pwicippiivglements(grid Jaactispityadimssychebasaedrofile settings,
commercially available control, such as COMPONENTONE FLEX GRID
A SEECIPReSIyhAIRTR RFRT COHERSIT TE s R dREPES RS e ARE BV

inMXQaﬂ%t"lseB’ét\J&% e preferably, pos %%%%jé’gia ffiﬁgu tg‘g%”c‘% a%aaﬁic%%}“r?”

Is controlled. The dynamic grid controller to read gri
ait@rgpdeseje200 R ip Hagcnpplicaticn IsRasHEr ¥ ZReh SRR IRR ShiaicHHd

control (2) to the application server and to provide interoperability with
theatapsosfice seMEcaed Thendyeetmicogtidecurivolier Usefwtificmiionay be
component (6) and notification component proxy (7) of the notification

SIS RO P IB G B hofiReRIBRRASIERY. Heerdft CORtBRRE @Fis

singl ject > of th ication 202 and,js.copfigured t
m%@%geﬁ%?gége%a@?sac&%x8ns, Sin %%%!i‘;?ﬁ%% ergglgtgdz&gog_éﬁgrﬁgwﬁ%te

ility across the application components.

20ontERles (ddynanicatychings anplicatiag. requesisdesanehl Sidiates
services. The front controller (4) loads the application template 206a in

mandes poodgedmically bind the particular service to its location at run time.
Page manager proxy (5) represents a regular C# class, which

communicated WRRAIE IHGE handYe MRiAhEtE SBMpIofiEheE)eRP I8 he
rétﬁ%e%g% Hg"e%@g%f@r%@ AId0g ARRICATION BRNRL R AR as FoBS A RIZNLIS"
on appropriate server platforms, preferably centralized, and may be accessed via an
electronic data network such as a LAN, an open or secure IP network such as the
Internet, etc. Communication and messaging between the application 202,
application server 204, database server 208 and application repository 206 may be
implemented in any format or according to any standard, such as [P, HTTP, etc.

It should be understood by one skilled in the art that, although only a
single client application is shown, the present invention is intended for
implementation with many clients and indeed, the number of clients is only limited by
the performance limitations of the hardware and network used to implement the

present invention.
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manager remote component (8). This proxy is responsible for transferring
a client 16 WO 2007/047900 PCT/US2006/040999 request to an
appropriate remote service through electronic network (e.g., HTTP

woanngleydy). The application server 204 includes a page mManag&ihos 040999
module 204a, a server side notification framework 204b, and a

ersistence layer (ORM) 204c. Page . manager module 204a includes a
p ﬁ%e ?%%ém )o?t e resF%gj’}%“ﬁ-%ﬁ?e?ﬁé?ﬂ%t%{'é?gt@l’e@? major

page manager re e componen

reampoRc st Rravidss ataeRdinaliriion ARLIaL e, dynamic ard
The page manager remote component (8) uses a built-in query genera 0|>

th@)rinrorger dotpradicendagagshiomdata tetthe RessicieRe8JAYaP{IALIR
an executable query format language such as SQL. Persistence Layer

202qyhatidestifisp cpaldBRamprH B ORI iketdhesropes atislieyriigss if such
lyj atabase 208. As shown in Fig. 2, the page manager proxy (5)
U%?%% ﬁ;’rﬂr%%?c o usrﬂ%]stydé?grérvwgecgfg?ﬁﬁﬁgat@?ﬁﬁﬂﬁ% Retfses the

CRBAAGRECAMRARERE 20da0k the d%OUFé‘ék%Q. server 204 in order to
request data to be displayed. The grid template 206 defines the data

source nameEngdayabase dabla sy eew)ifigldnderlumns)irgrouBifem and
aggregation and other functions, field visibility and other display
CORfTALIBRTY Thiduaidsen anddigns sitatsungefinatsvibat dasarase Tocbe

displayed . (t as well as the number of rows that are needed from the
SRR AR AT e O R oo

p&@ﬁﬁ@wé%éiégem&%m%l%("‘%r{%é@&&ﬁSﬁf%Ebe?&eOf a%%%ﬁgé‘aéétf’t‘{vn?

outside the current visual range, which adjusts the ¢ |en{nn§)emory ootprin

meeprRding divdtierarguningfanrroeydealable ethiba et giFdanidgrd
%uer generator i%%gamically executes a query against database 208

dHa Ldh Spaisdit haprteosk for the active grid. The grid component

202a displays the reSL{Its oLthe gwer . 17 WO 2007/047900
PCTYU SZOC@?@M{S&@ s of these two sUbsystems are preferably efficiently

distributed between the client application 202 (client side) and the application server
204 (server side) in order to make the client application 202 as thin as possible and
in order make the entire system scalable and easy to maintain. As shown, the
application 202 includes client side grid dynamic grid components 202b and 202¢,
and application service includes a page manager component 204¢ and a server side
notification network 204b.

At application start-up, the client application 202 populates its grid
202a, which may be an available program component such as with WINDOWS
FORMS, FLEX GRID, or a .NET control, with data from database 208 according
configuration settings stored in the application repository 206. However, the client
application 202 does not itself directly query database 208 to populate its grid, which

would result in fetching of all data for the grid. Instead, the information regarding
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Additional data may be preloaded so that it may be accessed to update
the display when a user performs display operations such as scrolls
through data in the grid. Preferably, the amount of data preloaded or

veoded slipesonot substantially exceed the amount to be disglayas,¥W§i 39
scrolling operation request data that is not preloaded, the dynamic grid

controller (3) recognizes this request and communicates with the page

NSRRI 51 18 SEaTed dem Lekier 8B HeprrstiauR iRfhartieID Ating

Qrgrationdo. load ext set of relevant data. This function is shown and
pdescribl%dsé)relow x\évlil}t%geference to Fig. 3. Aggregated data to he displayed

may also be friehgmissetsoGonfxrmplauiheatadaishrize@ribagnset
to 60 rows, this includes the rows of data on the lowest aggregation level

ceplaimeaihi) sl disadib dog fegated rowsinEniEsethentemleamdbayaf datdodel-
fetched from the data source mag be equal or less than the fetch size

VBREL L Aigo (G AtbRaraResr e Yerer s thid 91T Redse cii stdethat
ngeisisnlaved iscallsd the, i&g&g'& y qg&&%&ethn%t%i%ﬁlfﬁn%ﬂdrﬂ?e%%' data
ed the "actua e

prefetched by the clientis ca range. visual range can
reeslilfexentisonaitiies aatwahidnge dhatovas felehedbasagendhe

generated query. The "actual range" is configurable through the grid
fieehipratidy208bmandéstise et cboaterariichvedtbitiatiyichrs bendsible

without having to re-query data. If the actual range is defined to be equal
RS0 PR e P ekl e ST S el Beeoiingss e

isible i > grid Al ' I d, th tem d
O e S e el MR

peisflays rawiegatad rows to provide the appropriate visual effect. Thus,
collapsed aggregated rows do not consume proportional memory

footprint on tHérekigntsidarriddditionier Riesestantse gemeraged @nablate
executed dynamically when the user expands an aggregate row. 18 WO

SRR N0 BEL7 (T8 2104 60 DR iR RO B GPatich @hisrbes
agg;%;é%%ggﬁpogﬁggggg%@ggyﬁg}g&9%{xx 5t SsHitsn hecyfent
dynamic grid controller uses notification component (6) and notification component
proxy (7) of the notification subsystem 202¢ for getting notification updates.

The front controller (4) is a singleton object in scope of the
application 202 and is configured to provide interoperability across the application
components. The front controller (4) dynamically binds application requests to server
side services. The front controller (4) loads the application template 206a in order to
dynamically bind the particular service to its location at run time.

Page manager proxy (5) represents a regular C# class, which
communicates with the page manager remote component (8) API of the page

manager 204a of the application server 204, and acts as a proxy for the page

manager remote component (8). This proxy is responsible for transferring a client
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levels or fields in the display area could be added or removed requiring
additional or updated data. When such user-initiated configuration
changes occur, the dynamic grid controller (3) communicates with the

Waggsmanager 202 to dynamically update the query that co[rgﬁ%ssél&% /014%%9
cached by the grid and refresh the query results. The paging mechanism

is explained by way of example with reference to Fig. 3. The current page
rSHE L i GBS BRE AR GRS kRS Visfediia uegtelRstr ropm e laiglsnse OB
A0 nié?HP ctively in memory. The visible range of data 302a is only a
subset 01L he fetched data and is defined by the grid viewer configuration.

Well known Gk ingianssush S SLI0d B a8 U ROMNodule 204a a

|
operations cause the visible range of data to move. Data outside the
seisileifanydfibattin theastuabengechn pedmmediaioly dsplayedbythge
grid function without accessing the database. However, when GUI

"oBERIgHs g ipisrL R date BrRIgerTREattamanye) A& desy
e e e R g e AR B e

request. As shownin INTterms o

cialiscthed emiire dgeaat dater setfak s idewnenseolingiiR a;g&le grid

display beyond the topmost row of the actual range, the Previous Page
BO4rportiehinbditatispsedtosthacGrusefir Raga3hR byrdyramiafeent4) in
execution. Likewise, Scrolling DOWN beyond the last row of the actual

FRRGEWAP R AYF thé Nk Piye B8P foR O dBRisiensetLabiar tddirie a set
t P 06. The actual f f lient grid is preferabl
T e B RSl S Bl B o

set to be larger than the visi n

display, the PRSIRSAS e gstiRWIRJRG BRI SBl TR ARG org

The actual range can be expressed as a 19 47900
SRIGTIS 2006040099 catembith oferpuss thendijectionpefreeraliing of the
(down/up) and the collapsed row definitions (aggregations), if applicable.

PRI WP theressotreauant Sxnipkayiaidavegrid hagsbtannstas
A RENE RGP0 R0 DRSO PSS EMR SAURE) e SRS o, ™
grouping, aggregation and other functions, field visibility and other display
information. The queries that are generated define what data are to be displayed
(type) as well as the number of rows that are needed from the corresponding dataset
(range). The range is preferably dynamically configurable at run-time and allows for
the pre-fetching of additional rows outside the current visual range, which adjusts the
client memory footprint depending on the amount of memory available on the client
side.

The query generator dynamically executes a query against database
208 based upon the template 206b for the active grid. The grid component 202a

displays the results of the query.
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processed as follows Initialization - Start position = 0, Actual Range = 50,
Scrolling = down. o Removes all data rows Set row count = Actual
Range Going from top to bottom populate data. Read next page - Start

wWosHion 7ok of last row in Visual Range, Actual Range = 50, SCrolling, 500

down. o Operate with two Actual Ranges (old and new) Cut off all rows
UP from last visible row in Visual Range- Move the rest of Visual Range
to top of the §editiral detAderridn KetordRawibabithemporaecesseistal

Range. o Cut off rows DOWN after Actual Range size. o Visual Range
R RHes o R APt HeTLRP ARG REARTETIBUS Bisfers Sl baten

azidih A digstr OB iR Misyal Rangs, ﬁg%ta%%gscéégr %Cé%’ RS R- ©

Operate with two Actual Range (old and new). o Cut o rows DOWN
shrmdiratyvisidedow imdisuabRangsia/Moveribe seshofitae MisstalRanast
to the bottom of the grid area. o Add new Actual Range to the top of
dytsthalt Rarsgerriorsiasksbofiapmis Qud ofintower P wftegmicesdhiRasmyeiaad
o Visual Range finishes on last row of Actual Range. Scroll down in

TP ERARYYIR frshane egsh RAREl REAGBISEISH STEASWaRisTa
R ANy moye MipiaRangs daun. ot hellom o Misug Bapasoiss

going below" Actual Range - read next page (see above). Scroll upin
shvisualrRargeri:tf there isHatadr AtuakFRapge above of first row in

Visual Range then move Visual Range up.

Aggregated data to be displayed may also be fetched in sets. For
example, if data fetch size has been set to 60 rows, this includes the rows of data on
the lowest aggregation level (plain rows) plus all aggregated rows. Thus, the real
amount of data fetched from the data source may be equal or less than the fetch size
because aggregation rows are generated “on the fly.” The set of data that gets
displayed is called the "visual range” of the client, and the total data prefetched by
the client is called the “actual” range. The visual range can be different from the
“actual range” that was fetched based on the generated query.

The “actual range” is configurable through the grid template 206b
and is the set of data, which potentially can be visible without having to re-query
data. If the actual range is defined to be equal to the visual range, then all the data
fetched from the server becomes visible in the grid. If any aggregated row is
collapsed, the system does not fetch the individual rows that compose this
aggregate. The grid displays aggregated rows to provide the appropriate visual
effect. Thus, collapsed aggregated rows do not consume proportional memory
footprint on the client side. Additional queries can be generated and executed

dynamically when the user expands an aggregate row.
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o If top of Visual Range "is going above" Actual Range - read previous
page (see above) Collapse o Add collapse data to grid collapse
collection. o Remove all rows from Actual Range below collapsed node-

woashgatags from collapsed row below (scrolling down). o pad REW IR oo
to the bottom of Actual Range. It could require collapsed node simulation.

The result set has gaps where collapsed data is supposed to be because
Page Managdp@xiliigtes isRASmIEieolhpset) onsRanOPBeHep30e
q PCT/USZOO%MOQQ% o Cut off all royés below Actual Range size.
ERPAR VY REThSRE BXpaRa FOTE IR SO Yrice APl aRars T on
iRamevRiad fows HieplHeiual Ranas balaw sxpandad Podeing Leadoiara,
as from expanded row below (scrolling down). o Add new data to the

ujbitedriafActirairRangeso-Clib i al mwsabetowh AgjsabRangresigaathic
the simple example of a large record set where each record is keyed by
Jiifh RE Hign{Be EMiRETEisVeBt Ha$AT00D AssHrdE? Bsdyraeigrly thedfilet

h b d the | d has. 10,000. In order t
AL TS0 B BF S0 PO HL AR A L HL R oL GEHER e ery
such as: SE%@EJ@% RERRAM rdats SALIGS A RE ROWRR O

ORDER BY RowiD When a user scrolls down beyond row with number 50

refaecsysterfigioulthéeichanisenpnsbpagerefdhe eeansetanduich &an be
done by a query such as: SELECT TOP 50 * FROM <data source>
fejipee RETRGF 1312 B OB BRI BYPRESHIB)Y in memory. The visible range of

data 302a is only a subset of the fetched data and is defined by the grid viewer
configuration. Well known GUI functions such as Scroll UP and Scroll DOWN
operations cause the visible range of data to move. Data outside the visible range
but in the actual range can be immediately displayed by the grid function without
accessing the database. However, when GUI operations require display of data
outside the actual range, a query request is made that replaces the actual range with
a new data set based on the request.

As shown in Fig. 3, in terms of the entire query set 300 that is the
entire target data set for the grid, when scrolling UP on the grid display beyond the
topmost row of the actual range, the Previous Page 304 portion of data is set to the
Current Page 302 by dynamic query execution. Likewise, Scrolling DOWN beyond
the last row of the actual range will fetch the Next Page 306 portion of data and set
that to the Current Page 306.

The actual range of data for a client grid is preferably set to be larger
than the visible range. In order to load data to the grid for display, the position of the

first row in the result set must be identified. The actual range can be expressed as a
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Being on page 2 with actual range of rows from 51 to 100, the user can
then scroll down beyond row with number 100, and the system fetches
third page of data using the same query. For example, if the grid has

vAGHaat/kange or rows from 101 to 150 (third page) and the yggFsGHalS o
above of row with number 101 the system should fetch second page. This
could be done by a query such as: SELECT TOP 50 * FROM <data

NUBBrESSTOW ERERERII of toPlOREERMIR) ROWIS DEIGesShipw definitons

ianal abase Systems (such as Microsoft SQL Server 2000) do
(aﬁgg%rég&%§£ﬁ?&tﬁﬁécﬁ§%bers for generic queries. Thus, unique numbers
must be provided, BRdiafpie, using SQkar MURNSEFLEE-RYMPRIINSDIS
needed to integrate two additional factors: Aggregation (grouping) and
ra@ertih the2AcDratgy A4 2600 PCTADS2006404 3899 Alitheautriesnintie
above examples show how to select plain data from data source, but they
PgsSsOEHIBS iR Sandling of aggregated data, In most investment analysis
applications, aggregates can be arbitrary, and thus, the aggregation data

can m&%&mﬂa&g&%@ﬁ%@ faipedn e difla gulife- The
system muskexdrastingnecsssary information from a grid configuration
template asegenaiainta: sRasipRaLgEY that can produce the aggregate
data "orth@ofhy frieor texamipaoihedpBRUJERRY clause can be used to
calciatel agyt egated Sataplsiives,| uidisiiee,ithé NATRERGLALIE:!
claust2ean HeUsedbnsrodigea.rollup rows. In the case where the data set
is suppSsedRE AR TNV fe0eldabR Pited figslevel is Account Code
and secdnd it %fﬁyﬁ ér,ofﬁ SENRE: fﬂ&é}ﬁ B35 levels, and in

o Ve rest of Vistial Range (o top of the gtiq area. .
order to progkiGe i A0arRdaied et dhenyiul R gnstructed like
the followingit &k csamedieldst iR <data source> GROUP BY
AccountCaie =breutysGadadi i iRl URtfihreadgsa set includes
pertf&ies witlvinases A ccoantbaaiith rActd win s amod: dokrespoRding, partialio
posititangtike AcSotriing Sagurityl,
Operate with two Actual Range (old and new).
Cut off all rows DOWN from first visible row in Visual Range.
Move the rest of the Visual Range to the bottom of the grid area.
Add new Actual Range to the top of Visual Range in reverse order.
Cut off rows UP after Actual Range size.

o Visual Range finishes on last row of Actual Range.,

« Scroll down in Visual Range.

o If there is data in Actual Range below of last row in Visual Range than
move Visual Range down.

o If bottom of Visual Range “is going below” Actual Range — read next
page (see above).

e Scroll up in Visual Range.

o Ifthere is data in Actual Range above of first row in Visual Range then
move Visual Range up.

o If top of Visual Range “is going above” Actual Range — read previous
page (see above).

« Collapse.

o Add collapse data to grid collapse collection.

o Remove all rows from Actual Range below collapsed node.

o Load data as from collapsed row below (scrolling down).

o Add new data to the bottom of Actual Range. It couid require collapsed
node simulation. The result set has gaps where collapsed data is
supposed to be because Page Manager excludes invisible (collapsed)
rows.

0 0000
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Accountl:Security2 and Account2:Security3 then the query above could
generate a hierarchy such as: (r) Accountl o Securityl o Security?2
Account2 o Security3 Using GROUP BY WITH ROLLUP generates both

nt and security). Using this approach it is posgj
%Qgr%?;({e&&g%erarchy for any aggregation level. 22 WO 2007 0479(0.)06/040999
PCT/US2006/040999 In the case that every aggregation row can also be
suppliedwiftttiAfheierrsie anat el Riwegeizerated on the fly, it becomes
impoftiAttHat the aggre atlon Row IDs be se entlal correct with

respect o %%F ga\zﬁ E?fg’%ﬁﬂq B% 83¢L €fﬁ‘%@@rld the final
e S s TS
Securityb <pem@sy bt HSRRISNRMETACHSGE U“ty <p“mafy

ID>, <someDvalofest reonS SeliiyRctAg FosHyh @gturltyZ <primary D>,
<some values> Accountl, Security2, <primary ID>, <some values>

Accountl, Security2, <primary ID>, <some values> Account2 o Security3

Account2, Se’&lﬁrfﬁlg‘”@fﬁlﬁi(éfyﬂﬁﬁ 4RI OeMib sst WherogaED, fS@wrWyS
rarchy ma
ke%%@%ﬂl 5 <§rcr’1rl:r>leer \{latlrlilee Se>c;)r '&esé?ﬁgs'%eddB ;Qlc%r%lg gsgu%e th)ét the first
represente y plain tecor
row has number 1 and the last record has number 10,000. In order to fetch the first
page of 50 rows, the paging system would generate a query such as:
SELECT TOP 50 * FROM <data source> WHERE RowlID > 0
ORDER BY RowlD

When a user scrolls down beyond row with number 50 the system

should fetch a second page of the record set, which can be done by a query such as:

SELECT TOP 50 * FROM <data source> WHERE RowlD > 50
ORDER BY RowlD

Being on page 2 with actual range of rows from 51 to 100, the user
can then scroll down beyond row with number 100, and the system fetches third
page of data using the same query. For example, if the grid has actual range or
rows from 101 to 150 (third page) and the user scrolls up above of row with number
101 the system should fetch second page. This could be done by a query such as:

SELECT TCP 50 * FROM <data source> WHERE RowlD < 101
ORDER BY RowlD DESC

Some Relational Database Systems (such as Microsoft SQL Server
2000) do not provide unique numbers for generic queries. Thus, unique numbers
must be provided “on the fly” using SQL. Moreover, such numbering is needed to

integrate two additional factors: Aggregation (grouping) and Sorting.
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from data source. If the result set has sequential numbers for every row,
the query scheme proposed above can be used. Adding some RowIDs to
the hierarchy above will result in the following: Accountl 100000 o

wReshiMhd@1000 Accountl, Securityl, <primary ID>, <somealue8§it /040999
101010 Accountl, Securityl, <primary ID>, <some values> 101020 o

Security2 102000 Accountl Security2, <primary ID>, <some values>
102030 AccHUfif S&iff! @ﬁ%‘ﬁf@ﬁpﬁémw%mw data

fr&%%moésg%%%em@mlB?ate%Jm ga' o 10%0§%§ oML

20000 o Security3 203000 Accoun |mary >, L88me

inveliesht 203060a ANRAUBER, SRFHHYS: @{imaémi@y,ﬁmw%@p
203070 23 WO 20071047900 PCTIUS2006/040999 "As can be seen, the

ageREivasifiRowWID) i dees by ertiabowldedamd inaimeainsdiatHé thea
following query is used, SELECT TOP 50 FROM <data source> WHERE
SOVUAIE 016 T R B SV BO T ARADR Tt 267 FOW AR

te?nggx?é)and generate a special query that can produce the aggregate data “on the
fly.” For example, the GROUP BY clause can be used to calculate aggregated data
(values, rows). Also, the WITH ROLLUP clause can be used to produce rollup rows.
In the case where the data set is supposed to have two levels of
aggregates - first level is Account Code and second is Security Code, the defined
hierarchy has two levels, and in order to produce the aggregated data the query will
be constructed like the following:
SELECT <some fields> FROM <data source>
GROUP BY Account Code, Security Code WITH ROLLUP
If the data set includes portfolios with names Account1 and
Account2, and corresponding portfolio positions like Account1:Security1,
Account1:Security2 and Account2:Security3 then the query above could generate a
hierarchy such as:
= Account
o Security1
o Security2
e Account2
o Security3
Using GROUP BY WITH ROLLUP generates both levels (account

and security). Using this approach it is possible to generate a hierarchy for any

aggregation level.
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The desired result shown above can also be produced by combining two
different queries. The first query returns plain data from data source, and
the second query returns aggregated data (grouped by). The UNION SQL
vapsj#iesean be used to dynamically merge these two resuytsy d&806/040999
following query merges plain and aggregated data using the example.
SELECT TOP 50 [SOURCE].* FROM SELECT RowlID, <some fields>
FROM <datal34tf€8s° Ui &R EIEEesPiROIMNE PR35 SR aRNCH REM

GR P BY A tC . ity Code WIT LLUP
B B e Lo e e e o
aGoesgRtheRANEIYd BsWbqiNatRithab theRawiRsselimydaheb rrtdexsdfiom

the data source. The RowiDs are generated as part of the query through
Indiffdgetot wgoidthindiforgeddng field récordhet goenid thateatantiplain data,
the RowiDAv&sWherated by using the following algorithm:
CONVERT (bifaryeRAli{AccountCode, 0x0)) + CONVERT(binary,
isnull(SecurityCode, 0xp§f 4" *D%ﬁﬂ’:’%ﬂb@?&ﬁg?m or e Setatguery
the IDs were gengLates e to %W’lrr[lé furfetion"y N\f@ﬁ?(ﬁﬁ §f$y>,
isnuli(AccountCode,.OXk 41, ONMERJAbinAMa isnBI(SeeHityGade. 0x0))
+ CONVERT(binary, GABEuMHEMGRO UBINGHATEo unissied G-THEN
1 24 WO 2007/0479008ETIAUS 26064840998ELSEX) ENReHAASE

WHEN &ROIIBUNG (SecurityCode) = 0 THEN 1
o Security3

= Account2, Security3, <primary ID>, <some values>
= Account2, Security3, <primary ID>, <some values>

The third level in this hierarchy may be represented by plain records
from data source. If the result set has sequential numbers for every row, the query
scheme proposed above can be used. Adding some RowlIDs to the hierarchy above

will result in the following:

e Accounti 100000
o Securityt 101000
= Accountl, Security1, <primary ID>, <some values>
101010
= Accounti, Security1, <primary ID>, <some values>
101020
o Security2 102000
= Accountl, Security2, <primary ID>, <some values>
102030
=« Accountt, Security2, <primary ID>, <some values>
102040
= Accountl, Security2, <primary ID>, <some values>
102050
e Account2 20000
o Security3 203000
= Account?, Security3, <primary ID>, <some values>
203060
= Account?, Security3, <primary ID>, <some values>
203070
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ELSE 0 END) According to an embodiment of the present invention, a key
feature of the thin client grid is that it is capable of supporting an arbitrary
data set and grid display configurations including "on the fly changes" by
WeEMsRI AR dhe present invention, the properties of a dynampic.qrid,af 840009
determined through two elements: Data Source and Grid Template. The
Data Source determines the contents of the SELECT query (the FROM
clause). Valide‘éail%ﬂélﬁﬁ@é& ihel v code el Rabae haltesedatatielsedaewrorit
user % un tion which return (g a record set. All data source types
&da

mr%%% Ioe %Wé‘%m%s(g’éﬁ rating) a unique row ID of type BINARY

and @_@Imﬁ@m—y KRV bgal2llaying saERRIA L o fatabase view
whiclpRinsRwWY tadhigs and generates unique row ID: SELECT

CONVERT (binary(15), b.TaxLotID) AS UKey, a.AccountCode,
a.ShéftName b rEixhet Bitd. BecwiityCod2080Quantity FROM Account a
INNER JOIN TaxLot b ON a.AccountCode = b.AccountCode In this
example, Tax['?ﬁlﬁf?’érﬁ’i’ereﬁ'r‘i’}hﬁ??’l’{e?Qﬁvﬁ]%aﬁrﬂﬁ%ﬂ??n@rq’%ﬂe@tbt/a‘Eﬂé‘,bé[H@g

S rd set. The r|d mplate 2 refera I
|nc u e}%H\ﬁ ﬂgfi%%njg iﬁ%(f%ll’e g)retwﬁ% e]r-gn(ﬁaos ﬁjéa P data s%elJracre aMPId

sd@mmu@maémmggaégg{edeaea@%@@umﬂ herda@oRelMHYEAR can

initial sorting and any extra operations the system has to execute on the
bftylike grovpingcathd nggretatie vwealtesldttiofise Fotamiple gyntaxattelain

template can be as follows: 25 WO 2007/047900 PCT/US20061040999
D8 JA ARSIt geiBa B MGERIE-8" 2> <GridView table="<table | view |

:user defined function>">

SELECT TOP 50 [SOURCE].* FROM

(
SELECT RowlD, <some fields> FROM <data source>

UNION
SELECT RowlD, <some fields> FROM <data source>
GROUP BY Account Code, Security Code WITH ROLLUP
} AS SOURCE
ORDER BY 1

Note that the TOP attribute can be applied to merge the query result.

Note that the RowlD column is not retrieved from the data source. The RowlDs are
generated as part of the query through different algorithms for every field. For the
query that returns plain data, the RowlD was generated by using the following
algorithm:

CONVERT(binary, isnull{AccountCode, 0x0)) +

CONVERT(binary, isnull(SecurityCode, 0x0)) +

CONVERT(binary, -1)
For the second query the IDs were generated by the following function:

CONVERT(binary, isnull(AccountCode, 0x0)) +

CONVERT((binary, 13null(8ecuntyCode 0x0)) +

CONVERT (binary,
CASE WHEN GROUPING(AccountCode) = 0 THEN 1
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<Fields> <Field name="<column name in data source>" type="<varchar |
int I float I ...>" function="<count | avg | sum | min [ max>" group="<on>"
header="<column header>" width="<width in pixels>" tlb="<object

WamR7ofem <object property>" readOnly="<false | true>" visibles='sfalse
true>" sort="<false | true>" (> </Fields> </GridView> Where: The

GridView element defines the reference to data source. table - table
name, viewEh&me€ BNfriction name. Every Field element defines one
column in the Byt GRY WaANe(Serardiémeets the EM Tn data source.
type - colu hScFaPaEtygé It can be any recognized database type. function
- aggregation function. Any one of five aggregation functions: count, avg,

sum, min anchRrdifis @H@P&H@dﬁﬁ@n@@f@ﬂéﬁgye%&nﬂmmﬂrQ‘HQy‘feature
grouping flag. This attribute can be empty or omitted. header - string

ot dlathin kéederidwadtiat-iimtisdpedlo minswidthtimgpaxedshittbry tétesnband grid
which provides the value for this column (required only for editable

dERIan TR HCEHERE RHEIehieh ProbidBaraesy A forsfis Eoliprnesent
ir(\,rlgﬂtf)%?%gn% fgrrtigg I('g.?glg %glurrcn ; 1dr§1%d eFeMﬁir?gc&t%%%gﬁ%vyé@%ents:
attribute Is true, empty or omitted the
Data Source and Grid Template. The Data Source determines the contents of the
SELECT query (the FROM clause). Valid data sources include any database table,
database view or user defined function which returns a record set. All data source
types must be capable of returning (generating) a unique row ID of type BINARY and
column name UKey.
The following is an example of a database view which joins two
tables and generates unique row 1D:
SELECT
CONVERT(binary(15), b.TaxLotiD) AS UKey,
a.AccountCode, a.ShortName,
b.TaxLotlD, b.SecurityCode, b.Quantity
FROM Account a
INNER JOIN TaxLot b ON a.AccountCode = b.AccountCode
In this example, TaxLotlD is the primary key of the underlying TaxLot
table, and it is unique across this record set.
The Grid Template 206b preferably includes well formed XML file(s),
which references the data source and defines initial column order, readable column
headers, column width, initial sorting and any exira operations the system has to

execute on the fly like grouping and aggregation calculfations.

Example syntax of the template can be as follows:

25



column is read only. visible - visibility flag. sort - default sort flag (only one
column may have this flag true). If a database view is provided, for
example, with the name AccountMonitor, defined by the SQL statements

vabaue,dhes an appropriate Grid Template may have following Q50040999
<?xml version="1.0" encoding="utf-8"?> <GridView
tabIezj)Accog‘g}Mog{tgg'?>n %gieldggt gg%% name="AccountCode"
type=" . NCtionENCOORIY 077047900 PCT/US2006/040999
gyrF())uﬁz 'S [jx%%ei "::'['ﬂt@@é)%h\f‘%éﬂ%@'?ﬁ%ed fiRstecotint”
fld="AccountCodef-@Fipld-rame sniaxhotl Rapgrnt: -~
function="count" groupgpdieaggrral axkokl; visible="true" tlb="TaxLot

fld="TaxLotID" /> <Fieldunaime="Seaut\weeintyRer uatshar” function=""
group="" header="Secwityp-D*anslble="true" tlb="TaxLot"
fld="SecurityCode" I> JFaf¢araerQuzenitgrtype="float" function=""
group=""header="QTYWH&ibiewiqiyé" ReTaxLot" fld="Quantity"/>

) N tlb="<object name>" fld="<object property>"
</Fields> </GridView> _ dOnly="<false | true>"

visible="<false | true>"
sort="<false | true>" />

</Fields>
</GridView>

Where:

The GridView element defines the reference to data source,
table — table name, view name or function name.

Every Field element defines one column in the Dynamic Grid.
name — reference to the field in data source.
type — column data type. It can be any recognized database type.
function — aggregation function. Any one of five aggregation functions:
count, avg, sum, min and max. This attribute can be empty or omitted.
group — grouping flag. This attribute can be empty or omitted.
header — string column header.
width — initial column width in pixels.
tlb — table name which provides the value for this column (required
only for editable column).
fld — field name which provides the value for this column (required only
for editable column).
readOnly — editable flag. If this attribute is true, empty or omitted the
column is read only.
visible — visibility flag.
sort — default sort flag (only one column may have this flag true).

If a database view is provided, for example, with the name
AccountMonitor, defined by the SQL statements above, then an appropriate Grid
Template may have following form:

<?xml version="1.0" encoding="utf-8"7>
<GridView table="AccountMonitor">
<Fields>

<Field name="AccountCode"
type="varchar" function=""
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The Grid Template 206b preferably describes how to show data and what
calculations have to be done. There is also preferably a Grids section in
the Application Template 206a where one would has to add a new
wefeseneedg activate the grid component. Assume that theggmg@yﬁ(, 1040999
above as file AccountMonitor.xmi in the application repository: <Grids>
<Grid name="AccountMonitorGrid." Then AcountMonitorGrid should be
associated with Accourﬁf\%%ﬂ@f‘xﬁ’ﬂﬁﬁ% ;ﬂr@@w@h wsiiRatéalEs) as: "xm

I="Ac cou ntMonitg. me_,, EI = ‘fﬂ'@ﬁﬁ’@tf{ﬁd Initialize in the
grid component con?rol ill o %rlierg Ia]&e as follows: ViewUrl =
FrontController. GetGrl Acg@ gg_r fig JsMastdnuestment

analysis applications mgist" @ﬂ@p‘lwedrgygogbar/ed database multi-user
environment. In seickldnanyiBenetyQdifterent users could be writing and
reading from the same @aﬁiba@f@h@ﬂémn’t@dﬁying and analyzing 27 WO
20071047900 PCT1U @66’1’64@999@%% j vallasetsisSuch data
updates may come: fro a 51’%@3 &fjffo?ﬁcélﬂa s/7n order to preserve
the integrity of the analyﬁgﬁ QY %ﬁ%’,{m"chent mterface application,

the system must be ablg gpvhen.changes 1o fig,uadgrlying data occur

that affect a client interfiacerpplicatipranshagtify that particular client

interface applicédion of the relevant updates to their underlying data set.

The Fﬁ’é“s’é’r\ﬁ@ﬁ%ention maintains the integrity of the contents in real-time

via a notificati 1‘gws:]system The notification subsystem includes a set of
r

objects and aldSrithirSCHRAF RS G Rg e RISt GAtadnd
wihen,ianderying,data jopagks a client interface and propagates the

notification data to the client interfaces.
There is also preferably a Grids section in the Application Template

206a where one would has to add a new reference to activate the grid component.
Assume that the template above as file AccountMonitor.xml in the application
repository:

<Grids>

<Grid name="AccountMonitorGrid." Then AcountMonitorGrid should

be associated with AccountMonitor .xml in application template (16) as:
"xml="AccountMonitor.xmi"/>

</Grids>

Then the method Initialize in the grid component controller will load the template as

follows:
ViewUrl = FrontController. GetGridUrl( "AccountMonitorGrid" );

Most investment analysis applications must be deployed in a shared
database multi-user environment. In such an environment, different users could be

writing and reading from the same database, often modifying and analyzing
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Reference is made to Fig. 2 when describing the structure and operation
of the Notification System. The Notification System consists of a number
of components: Notification Framework (202c and 204b) defines a set of

WwEmRepents for client connectivity, channel transport, subsgEptiRbaRH 099
notification messaging. Notification Component (6) connects the

application to the notification system. Notification Component Proxy (7)
oiFreRiEh RS afiyriffiraBEaiRIianRTEs fiiiemt wdghs abfierhens

ject. Notification Remote Compopent (1Q) establishes connection point
R B S B R R e P e BB iy e

mmﬂ@@@d@fat@@mplg,s@mm%%m&%ﬂWéh'&éﬂg@éim%&&m%’f

(11) implements and exposes main notification interface. Publisher’(1
drégotaucihstaiiavidetcasiynetizonappipatiishing reyttlehblotification dvadel
_206c includes the Subscriptions and Database notifications snapshot at
NisE RS RRECEINNHBR irheYBrd SRstesite dhsstusTispdessdatrisgig Mvpresent
. 20071047900 PCT11152006/040999 algorithms that allows efficient
R S e A Hath i B BH g aES R BNl SCHLCRBAS
shvetfieation Model 206¢ preferably comprises an XML file which defines

interrelations between Grid and database tables. Database publishing

mechanism (fb¢ shbfica)iis sebofdatainasectables, dfiggetsand sigsathms

procedures related to Notification System. This mechanism allows
iRligeosfsip ssaainpenentdicative ddervhan abgatdasdandmgests a
C'El)e?gq't‘)t%sn% tablecf, can sepd rimitive notifi a}t%ons throu%h,a database

figger which 1 TeRRaAShIETEP KPS AR g Te P IR &1 Re 18RS SF changed
records in NRMessageRRl% ThedriaureANFARIRS FR0e MOAlizd data

to the NSMessage table. The NSMessage table can have the following
ofmmatat of the Notification System.

The Notification System consists of a number of components:
Notification Framework (202c and 204b) defines a set of components for client
connectivity, channel transport, subscription and notification messaging.
Notification Component (6) connects the application to the notification system.
Notification Component Proxy (7) implements Notification interface and transfers
client’s calls to remote object.

Notification Remote Component (10) establishes connection point of
the notification system with clients, on server side. This object may be available, for
example, through .NET REMOTING. Notification Connector (11) implements and
exposes main notification interface. Publisher (12) regular class provides
asynchronous publishing cycle.

Notification Model 206¢ includes the Subscriptions and Database

notifications snapshot at the time the Publisher was created. It is a set of objects and
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Field Type Length Identity Description Metiv-e D Int - Yes Unique ID
Active Int -0- message was picked up by publisher (pending), 1 -
message is waiting for publish DbObject Varchar 50 Table name

WBAGHA-6dgar 1 11 - Insert, U - Update, D - Delete Primarykey \éa56h@oo09
2500 Comma separated primary key (see description) PublisheriD Char

32 Publisher ID is used by Publisher instance Whereas: MessagelD is
veriieniitefiele e pnis aetmiiern S aeiEigativh éaterrn fevord delerdhte the
thi lue indicates that t ssage is ready to be published. The
R R T A S DAL, S tees
iHhisflagoie Belhis Means 8 A%WO 2002/047900 PC1/D92006/040999
message is pending - in process of publish. The Publisher is responsible

to remove publisivedeppimhlibring atifitatiGnnessagesprrestera Astiveflag
to 1 if the publish process failed. DbObject contains database table name.

‘BRctisHeEEs o aeetstsesspiatisn Netifisspondystsanidhfecord.
- ciahges]

Database tables can send primitive notifications through a database
Trigger, which is responsible for mirroring the primary key data of changed records in

NSMessage table. The trigger only copies some modified data to the NSMessage

table.
The NSMessage table can have the following format:
Field . Type “sength | Identity | Description . .
MessagelD | Int Yes Unique ID
Active Int 0 —- message was picked up
by publisher (pending), 1 —
message is waiting for
publish
DbObject Varchar 50 Table name
DbAction Char 1 | —Insert, U — Update, D ~
Delete
PrimaryKey | Varchar 2500 Comma separated primary
key (see description)
PublisherlD | Char 32 Publisher ID is used by
Publisher instance
Whereas:

MessagelD is the identity field.
Active has default a value 1. When the record is created this value
indicates that the message is ready to be published. The Publisher (12) picks up

messages with Active flag equal 1, and updates this flag to 0. This means the
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PublisheriD is a randomly generated Id which is the Publisher identifier.
The Publisher instance can recognize primitive messages that it
published. The Notification Trigger can be defined as
ek ATE/DELETE type has and can be implemen | e
CREAET’];E!M{J‘%)GGER [<table name>_Notification] ON [<tablé¢ nglﬁgeg;gfp@\fgﬁ,g
INSERT, UPDATE, DELETE AS DECLARE <variables for primary key>
BESEE T @actiog =irdefims st perligiparediithieitggecisaalied byrdelete
operation> DECLARE Delta<table name> CURSOR FOR Select
RYPREAPEYIVE RESTF B BEs At trigyerad el dasyians E themuptirite
ge(ggi%%g DECLARE Delta<table name> CURSOR FOR Select <primary
ey>F inserted OPEN Delta <table name> <loop through cursor>
<compose COMELARNAGHEM PHRAYKYBINGERT INTO
NSMessage(DbObject, DbAction, PrimaryKey) values( <.table name>,
@action, <cohfecepateiteck primialytdoage YsdadprenareSFoidd to this
2007/047900 PCT/US2000/040999 CLOSE Delta <table name>
"BEKLLOCATE Delta <table name> One purpose of the Notification Model

206c isto gerlglriit%%lgs'gefine the interrelations e(]tvggn%g rgite%,bélgg:tables

. contains comma separate
and grid data sourc R}otlﬁcatlon P

<Field Name>, <Field Type>, <Field Value>
[,<Field Name>, <Field Type>, <Field Value>}

PublisherlD is a randomly generated Id which is the Publisher
identifier. The Publisher instance can recognize primitive messages that it published.
The Notification Trigger can be defined as

INSERT/UPDATE/DELETE type has and can be implemented as follows:

CREATE TRIGGER [<table name>_Notification] ON [<table name>]
FOR INSERT, UPDATE, DELETE
AS
DECLARE
<variables for primary key>

SELECT @action = <define trigger type>

<if the trigger is called by delete operation>
DECLARE Delta_<table name>
CURSOR FOR Select <primary key> FROM deleted

<if the trigger is called by insert or update operation>
DECLARE Delta_<table name>
CURSOR FOR Select <primary key> FROM inserted

OPEN Delta_<table name>
<loop through cursor>
<compose comma separated primary key>
INSERT INTO NSMessage(DbObject, DbAction, PrimaryKey)
values( <table name>, @action, <comma separated primary
key>)
<loop end>
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Model 206c¢ allows one to create 1-to-many relationships for the Grid
notification element. The syntax of the Notification Model for Grid
definition can be, for example: <?xml version="1.0" encoding="utf-8" ?>
woNglifigaienSchema notificationCheck="<notification period vus2006/040999
<NSObjects> <NSObject name="<grid data source>"> <DomObjects>
<DomO t%thata base table name></DomObject> <Do m O bj e ct><d

ata bg EM@P@DWM%D <DomObject>... </DomObject>
</Dom SNEBpERNE BATEDbjects> </N ofificatio nSchema> The

NotificationS@—j}%rg i ingl ribute of type integer.
It determines whatgigséﬁglggﬁ%zwggﬁ%}g) ﬁnﬁgé%g%a 53 lt%téjg?sf%%ag f(j)ercré%
tHeinthetkingsrinitve cdatabasasmmiieationg. dEredNSAetts flememsan
define a set of notification objects (Grid) where every NSObject can
Meelrh&sseirutFieatidh ol (CridnT rdpdanahipe far thestai setitfation
omOhjects for every NSObject, which enumerates collection of
“data %ﬁ%a&%% S e KRt Wi et el
Notification Model definition for the example grid: <?xmf version="1.0"
encodingt W@ n2> _§Mggﬁg@@qn§§@ema notificationCheck="20">
<NSORjsiisicH$SRhjeclorames Sacorntemiterisn sBwaSbjects>
<NSObjects>
<NSObject name="<grid data source>">
<DomObjects>
<DomObject><database
table name></DomObject>
<DomObject><database
table name></DomQObject>
<DomObject>... </DomObject>
</DomObjects>
</NSObject>
</NSObjects>
</NotificationSchema>

The NotificationSchema element can define a single attribute of type
integer. It determines what is the period of time (in seconds) the system enforces for
checking primitive database notifications.

The NSObjects element can define a set of notification objects (Grid)
where every NSObject can define one notification object (Grid). There can be a
nested set of DomObjects for every NSObject, which enumerates collection of
database objects (tables) the grid is related to. Here is example of Notification Model
definition for the example grid:

<?xml version="1.0" encoding="utf-8" 7>
<NotificationSchema notificationCheck="20">
<NSObjects>
<NSObject name="AccountMonitor">

<DomObjects>
<DomObject>Account</DomObject>
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<DomObject>Accoun t</DomObject> 31 WO 2007/047900
PCT/US2006/040999 <DomObject> TaxLot</DornObject>
</DomObjects> </NSObject> </NSObjects> </Notificati onS chema>

wbisoexaanple defines a grid which is based on the AccountMepitiQseos/040999
database view. This grid will be notified of changes in both the Account
and TaxLot tables. In an embodiment of the present invention, the

% caRBRPENT BrbetnhiFRakissEP|

Notification Componen‘g 6 ;
implementation nggg&ci é@?gﬁ%ﬁﬁicaﬂon Component proxy (7). The

Notification G08psess object can be instantiated by the Front Controller
as a singlgfiesioHaeHNgtification Component can implement client side
subscription API from the component point of view, and also provide
routing of the Thisorxamep lsodiffation griesdacies totld finahsetipienitiygrittor
component). Notification Component (6) can also implement a
Yianatnigiey dinerdgdhe mogfsh ebr trness dr RyBMRATREN Baf dab AL
tGemponent can use a standard HTTP or TCP channels (1V) in order to
connect to the server side party. Notification Remote Component (10) can

implement a hidirestiepainearve@tidedauttiipretecal #RannelcLsing
standard HTTP or TCP channel protocol. Notification Connector (11) can
Geenpsedrty6s ubs bebrchicahdigr blisherson Artenjzoemationicatenwitteaeh
other. The Notification Connector (on a timer basis) instantiates Publisher
NSt Yy 08 BRI B Ehilee dYRicating RestrenRlPbiopfasors

. Ir est tg the Naotification .Sys after the single
I S G it oo

iNgEficaienmannestos iepas- Nl aRMeRBbRABEL BB RIEIHB s
HTTP request

provide routing of the incoming notification messages to the final recipient (grid
component).

Notification Component (6) can also implement a bidirectional client
side multi protocol transport channel. The Notification Component can use a
standard HTTP or TCP channels (IV) in order to connect to the server side party.

Notification Remote Component (10) can implement a bidirectional
server side multi protocol channel, using standard HTTP or TCP channel protocol.

Notification Connector (11) can be used by subscribers and
publishers in order to communicate with each other. The Notification Connector (on a
timer basis) instantiates Publisher object (12) to perform publishing cycle. The
Notification Connector is created upon first request to the Notification System, after
the single instance of the Notification Connector exits it is shared by all requests.
Notification Connector loads Notification Model (206¢) using a regular HTTP request

(V).
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(V). 32 WO 2007/047900 PCTIUS2006/040999 Notification Model (206c)
may be implemented through an XML file, which defines
interrelationships between database tables (primitive objects) and grids

wousiresaabjects). The Notification Model allows for dynamically dsfining,,
“notifiable' objects in the domain model. Publisher (12) is the object which

determines notification cycle using Notification Snapshot (13). The
Publisher geNeifcdivhddaagd 4RI chathesspuptamentesi dotmcte dsiivi fist
ime Publisher was,.called (Publisher is instantiated by Notification
W%%]ﬁﬁ%%%g? gnegef?r%grn a |s$é“‘ljtrv1v or éﬁ%@@t‘?i@%%d&ﬁf@@ﬁo‘?ﬁ%ﬁ%@ﬁ%
gibe BUbebeb NSIRNtiRRNBRASIHIGNER KRH QRIS NRficaton
Snapshot (13) can be built by the Publisher instar?c%&lqr?@g%gé éc%%ﬁr% gthe
‘notifedlation dottwetbie drmidiivendédabase data changes and subscriptions
which exist in the system by the time the snapshot is created. It also
provides an EffRligheaitritihe frsshuivienuisteteindarofitnatdatatiaseing

nd st‘gn’ notification messages to the clients. The Notification
Rl SRR “5@%%@%%%555%3%@?%6@3% system
haUESHEHRIPE RRARSHALESHRSRIRHQAS wilieh B, dglned 0 he.sysigm) on
one side, and primitive database update messages from another side.

NétificitignoDorelationshetivear fhrsa atde Mitigndsdhe miERARSPi i ase
Notification Snapshot. Persistence Layer (14) loads state updates from

thenulfishasdrdaniztesifermpinieneeteuar shirats dldreat configuration setup
screen 400, I\ygh' h allogs the use of setup parameters with respect to the

display of the gHE Loy SHFIE1SARY SerbWh BodgiblishRRIanse in
orBENerAN SRR GG HANA02, ﬂ%l@e?@ﬁ&i%%@&%?fg%éﬁg'%g%

parameters 406, and account information 408. As's orm
supetipizs tabketyl exnavigat e SR MavigRi e INE QA SAINR RUBSAERENS:AB2-

408. The FIELDS sub-screen 404 is shown in Fig. 4. Available fields are
previges ipngdficient algorithm for loading updated data from database and pushing
notification messages to the clients. The Notification Snapshot is fed by data that
comes from Notification Model and subscription snapshot (subscriptions which are
defined in the system) on one side, and primitive database update messages from
another side. Finding correlations between these data entities is the purpose of the
Notification Snapshot. Persistence Layer (14) loads state updates from the
database (15).

Fig. 4 is a screen shot of a great configuration setup screen 400,
which allows the use of setup parameters with respect to the display of the grid. For
example, setup screen 400 without the use of general setup configuration 402, field
configuration 404, filtering parameters 408, and account information 408. As shown,

the form includes tab-style navigation to navigate between setup sub-screens 402-

408. The FIELDS sub-screen 404 is shown in Fig. 4. Available fields are listed in
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block 404a can be dragged and dropped to display box 404c or to display
block 404b which allows for grouping. Individual attributes may be
adjusted as well. Preferably, the user configuration information is stored
in one or more templates in the application repository. 5 Fig. 5 is a block
diagram of a system according to an embodiment of the present
invention. The system may include one or more user client devices 210

executing a user ap lication 202 as alre dy describhed apove. Eac

otk A Rt G 2R TG S REE T ARUT0 AT SACCRH B, Uy block
I

ABRETRh MO R ARRE AY B%EQW%E%” e e

ohala RN OfkeNRL INGHHIR LARAYONHITRRMatisRcKr eteFdy apielayr tatte templates

networks, open networks such the internet or combination thereof. Each

inftle\daped @i 268 @rand 210 may be implemented by one or more

physical devices such as computer processors, personal computers, 15

stackabie. fréeasklngiuiRs aBhRlraievies) BCdingda mw%@m% of the
R 0 A e RO nsees 21
SRS h g JeEM n?f%@ﬁ HdJ Bdmgssad) Qfés'-:ctrhﬁéa%%(?g)cﬁ'a@l%f@?ﬁ 210

|nvent|o IS not i to be Ilmlted in any fashion to the configuration

ishoWR BYRIgiPa R & THRUS AT A B prieTenssliemkediarnis Tow e beesitory

fully described above with reference to the drawing figures. Although the
DG rtmhahdathbas et dve ¢ lsassulipfEshwhibsepedtetredie niiedimab sk and
it would be apparent to those of skill in the art that certain modifications,

fnetiooms aleashedrsvibedrRRYedie @arines mdata B ahkisserKdc!ude

SRS o 0 2 P L AR AT e

internet or combination thereof.

Each of devices 204, 206, 208, and 210 may be implemented by one or
more physical devices such as computer processors, personal computers,
stackable processing units, server devices, etc. outfitted with appropriate
operating systems and other software for performing functionality described
herein. Communication devices may be facilitated by known networking
means such as HTTP messaging, Ethernet protocol, etc. The invention is not
intended to be limited in any fashion to the configuration shown in Fig. 5.

Thus, a number of preferred embodiments have been fully described
above with reference to the drawing figures. Although the invention has been
described based upon these preferred embodiments, it would be apparent to
those of skill in the art that certain modifications, variations, and alternative
constructions could be made to the described embodiments within the spirit and

scope of the invention.
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a user interface, executed on a client device having a display, for

displaying data to a user on the client device, said user interface coupled

to an application server and an application repository, wherein said MCSLLP
application server is coupled to a remote database via an electronic data

network and is configured to: receive a request for data from said user

interface, generate a query request, based on said request for data and a
Ck&iMgrface configuration stored on the application repository, to

access said database, submit said query request, receive results from

said database in response to the query request, and to transmit only a

portior of said\ réssdtdicnsait usderfatafacengeringr rtion being

determined di | | Janu i rk
ocation TSt LIGTTasE e LR IR e eV P e W 1P
dipplayiog detaroat sags pneliecdignitdevjoresastidifrialeragserontpiad to an

a ' ide query results to said
aﬂﬁéﬁ?ﬁ@f%@%ﬁ%@%ﬁ %? @B%% (ﬁgﬂgﬁgﬁ? uration definitions and said
identificiioaifos aiddipightiam s edkiep phcatRnathgsiapgss via an

- 10,Said icati r M ig.electronic data network and is
%%%ﬁ?ﬁr‘ét? ?c?é mﬁ%ﬂﬂﬂgﬁelgﬁﬁg&%é&%'user interface configuration,
said databasécnfiM@teiedieshiotiatbameenidusehinterfestuser

interface compuising; & ISelIRIeERGE EXRUe S AR A FHenLESVIER Bakhd a

a display, for “displaying data'to a user on the client device, said user

interfacS @oURSRES £ NailgplisHaor R Par AR NRtAID RPN
35 Mcg'ét!éass said database,

submit said query request,
receive results from said database in response to the query
request, and to transmit only a portion of said results to said user
interface, said portion being determined based on display configuration
definitions stored in a network location that is remote from said user
interface, and
identify when an operation occurs at said interface that requires
additional data from said database and query said database and provide
query results to said client interface according to said display
configuration definitions and said identification for additional data;
wherein said application repository is coupled to said application server
via said electronic data network and is configured to maintain data relating to
said user interface configuration, said database and interrelations

therebetween.

2. A thin-client user interface comprising:
a user interface, executed on a client device having a display, for
displaying data to a user on the client device, said user interface coupled to an

application server and an application repository,
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wherein said application server is coupled to a remote database via an

electronic data network and is configured to: receive a request for data

from said user interface, generate a query request, based on said request

for data and a user interface configuration stored on the application

repository, to access said database, submit said query request, and

receive results from said database in response to the query request, and

to transhnitreinlys aig aioiicafisaidessilis tospldditer istertiedsatalkbse via an
ortion being determined hase ' configuration definitions

ésff?ocrttéar”? éjn %ge VQ,Sr]Q’?(S%a %%‘%é%%? ngri% e¥>f'rom said user interface;

wherein said rmpgiicatiorerpmstifonydiatadupiedasissdrapptidaten server

via said electroni a_netw ' Te1N] maintai '

to said user %?Qr%gcaic% goﬁﬁaﬁ{gﬁag%s%fg) a%bﬁgé%ﬁ]ﬁgt%gﬁgﬁ?% 2

therebesseeriedadantrrigysatio  sto ieteerades apohfigliead epasisiay to

MCSLLP

only agiéﬁgrs%n%é)gé{g@a t is a subset of the portion of data provided by
said application server, and'in response to a user operation requesting

display of additional aa@,qmplmb@sbm range of data that is a
subset of the Rgon Rl pemy'dats MBIk anRIERMSEREle gliBsy

thin-client user interface as recited in claim 2, wherein'said first and
secondeauest citthte drneontignbus. rpriipe tinaidassyderimeaiacses

recited lp.¢aim ?sawgm‘bﬁas%iﬁ&%re@%ﬁﬁ%@ isdusdencoRpmyed fagitation

response to a user operation request for display of data outside of said
portiordefitiiensretoted inyesariwpiiamiorsbirabis iamsiat Erairid iorr
additiolﬂ% QE%IO said application server, and said application server is

further contigured to generate a query request based on said request for
data, tobeteissseiidammirindea eslifit sHa Rier tregaidsapplication server

via said electronic data network and is configured to maintain data relating to
said user interface configuration, said database and interrelations
therebetween, and

wherein said user interface is configured to display only a first range of
data that is a subset of the portion of data provided by said application server,
and in response to a user operation requesting display of additional data,
displays a second range of data that is a subset of the portion of data provided

by said application server.

3. The thin-client user interface as recited in claim 2, wherein said

first and second range of data are contiguous.

4. The thin-client user interface as recited in claim 2, wherein said
user interface is further configured to, in response to a user operation request
for display of data outside of said portion of data provided by said application
server, transmit a request for additional data to said application server, and said
application server is further configured to generate a query request based on

said request for data, to access said database and submit said query request,
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36 MCSLLP to receive results from said database in response to the

query request, and to a portion of said results to said user interface. 5.

The thin-client user interface as recited in claim 1, wherein said user

interface is configured to perform an analysis function on said data and to MCSLLP
display results of said analysis function, and wherein said application

server is configured to identify when updates to data in said database
taffectraidaesitisrohsaini daltiadannties@iitke tséneiniesfyomaquesty and to a
access %ald atag@tse and r gesubmlt %ld query request, to receive results

RP(SH‘PQQ N R\ T’nt?eiﬁ' nlé%etro%ee gquery request, and to a portion of

said results to sald user mterface 6. A method for rendering data on a thin

client, ald %lgp rpgﬂks T Iﬂi Fﬁ%Of prOVIdI % 5 (?a IntF d%%fe% said

step o defln ay configuration SF the clien ce and storin
aberontﬁr@auratlemmem@uredststpeeﬁbrmaanammyslséanohqhmn§mdmaéa and to

(ggrz?garlgsﬁl of%tg( a Hal%ogeﬂlg&(?g haéﬂﬁally generating a query against

pase base nflgura 10 nitions; a step of transmitting a
portiombbresm&a&dfa;anﬂ!mm@eny tothig whkehtdridafdide \fd“r&i'isma}?’fes to

RO%{%‘ A dStS %@%e?%x?é‘&%a%%mxg%fé‘iw R'?at the user

nltlons s?tc))re n a n wWor ion that Is remot om sald user
xmmfmasdummyseaats dat@m@gamﬁareabbmtbsaud @m@damlset to

SRR o e sieRLRHack A LTI iR Ohnd o a

ing w enan operatlon occurs at aid interface at requires
rattiitio odlsdadar dartistiddatassserdadangerying said database and
providing query results to said client interface according to said display

6. A method for rendering data on a thin client, said method
comprising:

a step of providing a client interface;

a step of defining a display configuration of the client interface and
storing the configuration definitions stored in a network location that is remote
from said client interface,

a step of dynamically generating a query against a database based on
the configuration definitions;

a step of transmitting a portion of results of said dynamic query to the
client interface for display, said portion being determined based on the display
configuration definitions stored in a network location that is remote from said
user interface,

said query results consisting of a subset of an entire data set
corresponding to the client interface; and further comprising

a step of identifying when an operation occurs at said interface that
requires additional data from said database and querying said database and
providing query results to said client interface according to said display

configuration definitions and said identification for additional data.
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configuration definitions and said identification for additional data. 37
MCSLLP 7. The method as recited in claim 6, further comprising a step of
identifying when an update to data in said database affects the display of
data on said client interface and notifying said interface of said update so
that the display of data may be revised to reflect the update. 8. A method
for rendering data on a thin client, said method comprising: a step of
providihg a clignat inttfadegsarstefedfinefaimgBa fidpryoconfigsiragienste phef
e e A R al P deiniens s ING Bt data

& HEMSRSFom sal clien |nt rrace, a step of dynamica
aeseidhtiigrd ierfaagainst mﬂ&tm&gawdbaﬁedfaﬂe thiesednh figpatatoso that the
efinitio S tran o s of said dynamic query
Cf 3 rﬁ% E%%gge %r qgg %ﬂlg té)%ﬂﬁo %%Ll{r%g determined based on

the dlsplay configuration deflnltlons stored in a network location that is
e bonEor an EBISAE) Pl BRI AR AR S RBIRR @
subset’of an entire data set COrres ing to the client interface; a step of
adispaiging the query results on the client interface in pages of data and

when q #gf%g] g gg%%%g ai% g%ﬁtqﬂtgﬁgg@nal page of data; and a step of

identifyi ynamically querying said database and

prowdmg’talﬂ afidridnapagéspiayata o dHiatinterathe adesrding taeaiand
C%?ﬁ’ o fsfiniiprs a0l safd eI LIBIRe Y= mote from

reC|t din c im 6, wherein said interface includes a grid component
mﬁﬁ%ﬂ@g@f@@%\tmg data and said query results consists of a portion
of an entirg %‘?&?ﬁéﬁﬁ)‘éﬂ?%\éﬂé‘?ﬁﬁfg 914 EAMRAMIREE aLl8afbase based on

computer- r e storage medium sforing computer-
the configuration definitions;

MCSLLP

a step of transmitting a portion of results of said dynamic query to the
client interface for display, said portion being determined based on the display
configuration definitions stored in a network location that is remote from said
client interface, wherein said query results consists of a subset of an entire data
set corresponding to the client interface;

a step of displaying the query results on the client interface in pages of
data and when a user operation requests an additional page of data; and

a step of identifying the request and dynamically querying said database
and providing an additional page of data to said interface according to said

display configuration definitions and said request.

9. The method as recited in claim 6, wherein said interface includes
a grid component capable of aggregating data and said query results consists

of a portion of an entire data set responsive to said grid component.

10. A computer-readable storage medium storing computer-
executable instructions for rendering data on a thin client, by performing

operations comprising:
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executable instructions for rendering data on a thin client, by performing

operations comprising: 38 IMCCLLP defining a display configuration of a

client interface and storing the configuration definitions stored in a network MCSLLP
location that is remote from said client interface, dynamically generating a o
query against a database based on the configuration definitions;

transmitting a portion of results of said dynamic query to the client
interfasefiioindispdhsp said pafitorekieimgfdeiennisdestamdant thw dixplag
ot ‘#5"%‘%0”ode‘?fhr?h%%gss?!:%%diH“ ""48&988{‘18%%&?84 ?ﬁ%?t% ?&%%é"ﬂ&%%id
iInterface, wherein said query results consists of a subset of an entire data
cliehtdoterfpomding to the client interface; and identifying when an

operation oc¢ id interf ' itional id
citab S A S e e

ogdie‘igqméqac&ﬁcﬁﬁmi?m to said display configuration definitions and said
dentiiealion nadional afaeddnd BE COmRUIBIHRAGARIS BRI ent

medium as recit claim 10, further comprising computer-executable
imstfactidis s pdmntifgidgoation aeing 4l 1@ aed hasgdiaintaBaterlay
C%f{ﬁﬁﬁrg}% AR ér‘?@@oq%osﬁﬂda%%%ttiéﬁt%%“% AR SRURARY SA client
Interface of said update so that the display of data may be revised to

inddidatehoutnsdate Bl AusitnfrRREISCansissehagEhfetRiMm Mg data set
C%qp%g#@ga %‘Eﬂ@"éﬂ@ﬁ&r}%ﬁgﬂ%é%ﬁﬁde”n9 data on a thin client, by
perfo ing: ¢

ming operations comprising: defining a display configuration of a
client identdfgmandhstorigaperaisiigaratismteskitsiesiaerdhan gauires

NEhuSHs |asation dhet lRd emeieften saidushfngiBiRH G abase and providing

query results to said client interface according to said display configuration

definitions and said identification for additional data.

11.  The computer-readable storage medium as recited in claim 10,
further comprising computer-executable instructions for identifying when an
update to data in said database affects the display of data on said client
interface and notifying said interface of said update so that the display of data

may be revised to reflect the update.

12. A computer-readable storage medium storing computer-
executable instructions for rendering data on a thin client, by performing
operations comprising:

defining a display configuration of a client interface and storing the
configuration definitions stored in a network location that is remote from said
client interface,

dynamically generating a query against a database based on the
configuration definitions;

transmitting a portion of results of said dynamic query to the client

interface for display, said portion being determined based on the display
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dynamically generating a query against a database based on the
configuration definitions; transmitting a portion of results of said dynamic
query to the client interface for display, said portion being determined MCSLLP
based on the display 39 MCSI_LP configuration definitions stored in a
location that is remote from said client interface, wherein said query
results consists of a subset of an entire data set corresponding to the
addiefiy unteidacte fantatis@tyied ime dqueatiaedos isrreheotdidruinsafacdent

S ofd ta and when a user o eratio
B R e e S S BRSO oo
aonceppaviding &m thedifienainpefecef dath to said interface according to
said dilp gggfb g Satu% dl%férﬂJHQ '5h ﬁ’%dcsf%'%trﬁ%ﬁééel% J es of data and

compute e medium as recited in claim 10, 'wherein said
wﬂﬁeﬁa:esacqua@lmquﬂﬁjaraénaddﬂmel oleagyeé gatingadstad enif\wam the

I BRI QRIS B UERIEE AR S PRI AP A8l

compon
page of data to said interface according to said display configuration definitions

and said request.

13. The computer-readable storage medium as recited in claim 10,
wherein said interface includes a grid component capable of aggregating data
and said query results consists of a portion of an entire data set responsive to

said grid component.
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