TITLE OF THE INVENTION COMMAND SCRIPT PARSING USING
LOCAL AND EXTENDED STORAGE FOR COMMAND LOOKUP
BACKGROUND OF THE INVENTION 1. The Technical Field [0001] The
present invention relates in general to scripting languages and associated
parsers, and, more particularly, to the parsing of command scripts into a

fﬁ?@@@?%@ﬂ%ﬂﬁ"ﬂ d against relational databases. 2. The Prior Art

[0002] Query parsers, which process user queries written in a language
CRVIMAND SCRIBDEFRBINGIEGNG IOTE XNTOEX TERDES STdw AR aHe
fSNAEHS & QR software, such as relational database server software,
have been known in the art for years. These parsers typically translate

Béé’ﬂ%G&}PMHQnQFsEH&’f&V&%E more database query commands using a

gatabasg gughyilangidage, such as the well-known Structured Query
Language (SQL). [0003] Noble et al., U.S. Pat. No. 5,634,053 discloses

[pROfikering dha prietealt idesatierseeigtesrin iptoaad korsditptivll coaluagbsgneries

b e DR B L B e i =
g’?(rrggféga?o u%?yﬁ#ﬁ'{fg Bﬁggfw&ﬁt‘?ﬁgsﬁﬁery contains a procedural

unctiQn. The query is compiled to generate an internal representation of
%his p?ﬁ&d’dl%ﬁeumction, and the execution of the procedural function is

ivdR)ized, UsinRgyhe LuR IR BISSRINALON 9ROSIRBR & Bhalk tgéit:s

No. 55%,08% discloses the use of a grammar definition to generate
AL B MR 01 2R S ek AL Lhosratgpiehls 0 caphase
sgNeEsHitVATE SLquesreatodidataiane [S008] ddtwtine h&edrearckralwiinS.
fRaladVRr eadd, THRUPEIARRS BAAIRFIHANE YUY RIFRMSGP LFPMEHe or

translation rules in conjunctjon with’statement parsing, in order to
TR ARy LA VA M G LGBl bace allry anguage, such as the

well-known Structured Query Language (SQL).

[0003] Noble etal,, U.S. Pat. No. 5,634,053 discloses the filtering of a global
database query into a pluraiity of local sub-queries to search for and retrieve data
from the individual databases referenced by the global query.

[6004] Cochrane et al., U.S. Pat. No. 5,987,455, is directed to querying a
database, wherein the query contains a procedural function. The query is compiled
fo generate an internal representation of this procedural function, and the execution
of the procedural function is optimized, using the internal representation,

[0005] Jones et al., U.S. Pat. No, 5,873,083 discloses the use of a grammar
definition to generate a high-level collection of object structures, which are optimized
and converted into a query execution plan.

{60086]) Martinez-Guerra et al., U.S. Pat. No. 6,523,172 discloses a parser-
transiator which uses grammar translation rules in conjunction with statement
parsing, in order to dynamically interface with data stores.

1



[0007] While these and other prior art database parsers have worked well,
itis desirable to provide a database command parser that includes a
hierarchical, multi- stage command lookup feature, wherein a limited set of
commands that are operational in nature and do not require data retrieval
for completion are recognized natively by the command parser, using

I relatively rapidly accessible stor wherein a substantially .. .
B < o M AR A 9Eaa0, MISIM A S R R e
fipfmistoROYiseAriepse eommANdisATRtRNRBE AemA Nirsgshieg]idmyiti-
acppssbiengatacatare (dA0RSWdrcldhietien ehjettahiapsaranirivention
LS’PBF&YAH% ﬁw%%l@%aﬁsﬁd 86’.%%”@%8%8%[51‘3&&@?& FaRaR I&‘EJES 1ying Ak

o_cessm comma scrlpts .m avarlety‘o sourpe , INC _ing
miwmgmé@aﬁﬁﬁaﬁﬂﬁs,'%b 6rekyelr2Ridly asgeseiemiokage,
applicadieisa KIGSEINy atdiiasabyfancibiethaf thpinsesentdmieentian vl
RIOVE R ARIPHNG (AR %41B9E-85420 m@@&m&mﬁng@wh

facilitates the creation of user- defined functions, or extensions to the
CBRANAtaasHYE 45 #R¥%Riding user-defined functions that allow their
callers to change or rewrite the run-time interpretation of a user-defined
8988bn on e INtrenrm enisckol hepietRel iBKfetpatersqyidR afeiabestion
toproxidicpariiexdibie id atpablegine thiringraad goctaticiny\dtimmpadseripe drém

SR HAP A ANE s R cf%ﬁﬂsésﬁ%; i sgiﬁﬁiég{ié’ng%g%%ré%,b&d

retrieved from a relationaldatabase in a variety  of ways, including relative
GueteEpRUHRRAKTRISN periodic date intervals. [0011] These and other

desirous characteristics of the present invention will become apparent in
I8PRYf the plidsantisisaaiainrpiedtaliie RIRaeMAVRRILAaINMiTRIeEriDing
TarlGubyy Eid 026400 a2H thapessgi iy amichnfit lisgaieskterdation of user-
£ parsi C
Y D IR AR (R IR IO T8 dorons
dumpirnedabrliowathpiicaliemio commes Brravdiedbasengmernicgratation of a
nedsiedetirryStenotibavitgtie gjent-server architecture. In a preferred

[0010] it is yet another object of the present invention to provide a flexible date
engine that, in association with a parser and a scripting language, permits users fo
specify dates for which data is fo be retrieved from a relational database in a variety
of ways, including relative date specifications and periodic date intervals.

{0011} These and other desirous characteristics of the present invention wil{
become apparent in light of the ptesent specification, claims, and drawings.



embodiment, the parsing and verifying of the contents of the command
script submitted for execution includes providing a command script
including at least one token and written in a scripting language. A first,
substantially rapidly-accessible data store contains at least one primary
function signature definition. This primary function signature definition
BGIHARR S %gjrﬁg@/&\,rgﬂqibp@\me that associated with an operational
~.command that does not require data retrieval for completion, as well as a
[ty pardimeteedisitassotiaids divisbisteonricoaryuteNesie memBEfaArsing
SRy VRRIDRE ARERERRASIShaRe SRR LORROR TGO SlRTe 15

provided a second data store that is less substantially rapld?ﬁ'accessible
BT Rt eK R SURE b dBrRIeaRies 1B Ao CoRtarh ofa valrhashe
smir@mydmde:w sjgtmmmgiﬂefmﬂli‘emwérm érchitthru;Iud @%praferred
SRBRBRAIATAEPARIRALIR WHEP R thebaREREIRA U A aaIaRd that

gobes require datg refrieval for cmpletion, and/or is associate

HRIP RS Rl SXREEAB NOTYRE SRENIRP aRRYRRNdisrTiURS uanAiabiRastene
ioksnded wiikerpindasyripting largoadist Adsetisbstaviiblihm sidlyondatgible
fanciRRenamBInIAVIBST8HR BRMBYSuRAIAMRIR R HFAIIRDSTIR A aTe

A PSS e i BTt

ematpiepal comenanstén gorsalarauiferdriaeetieyal fioentiplefionctiowelbase
PP R RmBRIIsAEsRialed mwahmmﬁtﬁr&] N 4hE RAiRE 24l or
search the f{rst dateg, stpre for a matching primary function signature

GetmitiOR Cortes rs%:h’&%'é)'f%‘ the potential reference to a previously defined

&chﬁﬂon. A %atch is dgemed to occur if a primary function signature
fittion is YSURAVEh IR R SPLYIFRhA SRFBHSI Ao RatdR RSS the
g&@nq&ama rRRidiy-Aeress it iacthofitlapatstiel Painseetexsdas store
EBAGRING R AN LBERHR A RAFARRIRLSEARRRGIAIRRAVIENRS SAMGes
grlma{%%un tl(%f] si_??nature,deflnlt{on. 0015]1” a matching primary function
RN SHBTRS PR da A0 A IRt oA Ferarandstiatfiees
reqHin dath seiipvad foonsiaietidnv alid{cirisiasedcirtedwith a user-defined
function. The secondary function signature definition also includes a secondary
parameter list associated with the secondary function name, having zero or more

parameter specifications.

[0014] The parser wil recognize at least one portion of the token to potentially
represent a reference to a previously defined function in the scripting language. This
potential function reference has a potential function name and zero or more
associated potential parameters. Next, the parser will search the first data store for
a matching primary function signature definition corresponding to the potential
reference to a previously defined function. A match is deemed to occur if a primary
function signature definition is found which has a primary function name matching
the potential function name and each of the potential parameters has a matching



searching is necessary. Otherwise, a similar search for the potential
function is performed again, this time in the second data store. In
particular, the second data store is searched for a matching secondary
function signature definition having a secondary function name matching
the potential function name, and wherein each of the potential parameters
has a matching entry in the secondayy parameter list assocjated with the
SR EE DA R ETE PSS A e Gt found
gigriusedefinit@ata store, the function reference in the command script is
considered valid. Otherwise, an invalid function reference, or a syntax
§00d6)is dedimavatohing/erioecy fradidoobepivre ipfetddy thenfysiiateatomde
AR PERIrSe LAY eohFARAs PRI @rpitatianafdsand e Rreigired

embadiment, an execution plan is created which. jncludes.the scheduled
SRR ST IR A RS e T e Ao on
parfeenElpgainHbiptrie imthe cewhnthdataeomio prificuasuthin geernk data

- @&lﬁ&%éf@ﬁ@@f@%ﬁ@mﬁ@@m@ Haaaﬁﬁnmmam@ agnalis esing bis
results set is stored in association with.a r e t re
SRR RN AR AR S Bolah AR S LAk of
tbg evientiRinpeameferaifientnatahingee PEY N BerFRFONFRIYBIAMENRN HSAtion
sdbopisted waeuRs s ipndkedamidivIahmibickigaatiendutwitonittc mafokirglient
oM I esis averindganansclg iR aaHaSerGON T Belist 2t
store and the second data store, in a preferred_embodiment, reside on
eprisitered Ylidie RNORNISE ofB inYaie SinrlientpisiERC R oPh ABNEBR SRS 1
rrebnekkid hRavaaxprafeded embodiment, the client application submitting
the command script includes a spreadsheet program. In another
preferred embodiment, the client application includes a web browser. In
yedtlother 'prRRSAEHSS SABORIRR the ComaNsRIRI S ReaeR g @
apaticaiiticapicograsu)img pirerfed erfdvodbmsitiatiegezutios diani fti g dhed
%mmﬂgaﬂbay%g%%afﬁ@é&@utma%m{sBmaﬂ Fall MaERIRdY RSHRR the

expose i pplication programming interface. 001_8£Allso, in a
priestiA QBB ARt HENS AP AR TR TR QDG Sy RRetIRR A

data retrieved from a relational database is assembied into a results set. This resuits

an, resulting

set is stored in association with a result set identifier on a result server. The client
application is provided with the result set identifier, together with an identification of
the result server. The client application submits a reguest for the result set which is
then transmitted to the client from the results server in response to this request.

[0017] The first data store and the second data store, in a preferred
embodiment,; reside on separate computers which are interconnected by a
communications network. In one prefered embodiment, the client application
submitting the command script includes a spreadsheet program. In another
preferred embodiment, the client application includes a web browser. In yet another
preferred embodiment, the client application includes an application programming
interface for constructing and submitting the command string for executionin
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function is a reference to a previously defined user-defined function. In
another preferred embodiment, this reference is instead a reference to a
previously defined function that is native to the scripting language. [0019]
Moreover, in a preferred embodiment, the at least one token includes a
plurality of tokens, which are deconstructed into constituent components,

C G0 arrange 0 an o erarc 0020] The present
|¥1% #%%én?%fgso e uge ﬁ 8&%’&%?&?%%%5 rgyem%a i}mm%aa“mmg
ierasRensible scripting language. A user-defined function written in the
scripting language is stored in a data store. This user-defined function
198MAing at Alsesionerptenedembadiseriatbd thierendthtoanptevioasly gsiriah
makmemg akitaehent ahalibiifrvevneBldadicatiag hakilie vleintine

least on ramt |st be mser ted as tezt in place of the substitution

o R e RA8 P LA AP AL,  pDusly deined
u&@i‘l@bﬁﬁé@ fatvedn the swirtirgriamauiaaa store. This function signature
includes the name of the user-defined function and a specification of the
#0184 st onevisueanestér A OFaTed eorhodamehtciiat aviitah dna ek achiptidgs

I PHAEEOI RG] Wﬁ?dﬁ ase W@&qmm&mm Qo?na%fr‘?éﬁt@“fhﬁeﬁ*a?e

ser defln%lin QCtr'P at least one parameter value associat
erewémg copy o 8?' ion of the user- defined function that is
is retrieved. The at least one

%g nced| the command strin
030 ution ORISR ADIERI98 ARARGHESS A RPIHE e LRSS or
peradingterusatiesterfisivie tadatinfDBARIdge xta theebadinel tectiopwealidhen the

%ﬂq@m@qgga@%mmtamm USiRg g E‘e‘ﬁﬂ?é'&‘ﬂsh%@&'s’ﬁ\%%neg at

ssen tially, the garser makes an additional Interpretive pass over t

5&8?88%% MEGHRR R RS BRTRY i o BRA o RRIEGTURaMEtiRg 3 Ispstinpe
Bisatigéfinsynibatingiciing dogrieeditoei ntthel atddalteme parpmetagisto be

Tt@é‘f@@‘é@ {Otanf Bt RIS RGO SPHERE NWR.HE Srdyrathe ldent:fyl ng
(1ef1 ed fz&ctlon in the data 5 store. In this manner, a run-tim

PSR b R SR ASHRR PR 54 R oF S5 ielede i foncton

e rp
Wm@fd&smmmeMWMeﬁrmmmnmmh amafitatielof the at

least one parameter.

[0021]) A command script written in the scripting language is recognized as
including a token containing a reference to the user-defined function and at least one
parameter value associated therewith. A copy of the body portion of the user-
defined function that is referenced in the command string is retrieved. The at least
one substitution symbol is replaced within the copy by the at least one parameter
value of the token. -

[0022] Next, the body of the copy of the user-defined function is reinterpreted

using the scripting language. Essentially, the parser makes an additional interpretive

pass over the altered copy. Following this reinterpretation, the body of the copy of

the user-defined function is recognized to include a token comprising a reference to

a function which was not present in the body of the user-defined function in the data
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stored user-defined function. [0023] Also, in a preferred embodiment, the
at least one parameter of the user-defined function includes a first
parameter and a second parameter. The at least one substitution symbol
of the user-defined function includes a first substitution symbol and a
second substitution symbol, indicating that the values of the first and

S b G A HRAEE, PRAE U (OB e et otere

doribddiigentintesatipacifisduonior thel wekcataontrinss sithinghérpragiously

fupalipnssionaivee incdusies a specification of the first and second
parameters. In addition, the at least one parameter value associated with

tfb%z'ﬁﬁcog”'%QJQK%%@%HQ@%@HH&E%‘E%B@Te‘é%%é‘?gr%ﬁ%%ﬂhe

arameter value, Moreover, the first substitution s%lombo within the copty is

%ﬁ%@@’&ﬁtﬁ?ﬁ@%&‘ﬁ%ﬁﬁ@%ﬂ%ﬂ?@fﬂ@%ﬁ% B g Etorge @
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Mquamnemwmwam@th@ysecond parameter value. 6 BRIEF

DESCRIPTION OF THE DRAWINGS [0025] Fig. 1 of the drawings is a
iiteekdiagrain thisprefesesl eotierdine nictheberssificatiomydtk st igggbansing

§eﬂaﬁéﬁéﬁﬁtff%v@nw§ﬁ%naﬁﬁgrﬂm& %e&%«a@&d BYERties: 41926448

of th edrawmgs IS a block diagram of the web server of Fig. | showing,

RBRRR e R RARCe i LIRS NG BARMAISDPR ARSRSIREDH b a
secugrizey fokectionhdizsbdiss; fo0RE EigalBenftia demndgmnmmmm

ipyrediagram %m@gﬁmma@?m%rwa:@m %@b@%%@mmy@qﬂm of

the present mventlon 0028 4 of the drawings is an exam
CEFATEI N P DGO G1 B ORI Ao LT (e
teplpaedingoththeecond parameter value of the token. in this manner, a run-time
interpretation of the user-defined function is altered to include an invocation of a
function, where at least a portion of the name of the invoked function includes the

first parameter value and the second parameter value.



example command script of Fig. 4 in an object hierarchy; [0030] Fig. 6 of
the drawings is an illustration of the symbol resolution phase of the
command parsing; and [0031] Fig. 7 of the drawings is an example of a
user-defined function according to the present invention and showing, in
particular, the text substitution feature of the scripting language. 7
BREABESLRESER IBEH QEAWE&VENTION [0032] While this
invention is susceptible of embodiment in many different forms, there are
§HIAFh in th€igrawfnigs diadingll lseaddésritiegramdé tail psengiralanasifier
BERBG PRI W barding I AARNE AL IR A SSLIRGIRYS [Rd0-RP
considered as an exemplification of the prinCiples of the present invention
X8R0t intended to limit the invention to the embodiments illustrated.
0033] A block diagram of an overall client-server based command script
kﬂ;ﬂ% g and htaRHYE qIRNiPehis AbirRaidiagam Al hrwiglorat ey ehEig. 1
phewdny, impatitidar, ihe haweris dsggelais meheingeal plideaility stbpgesanph
Q%R&%?ﬁjﬂ&%ﬂ%ﬁtaﬂé@&f“ in Fig. 1, these personal computer clients may
submit data requests, in the form of command strings comprising a

Mand S INg: ies.of fungtion.references written in, a
scripting Ian%r@g%?%ggp r%lkjgﬁﬁg%?go% gIP 8?8% ﬁ%va?{ﬁ an Pjo?rh %f&?ﬂ%\%’?da web
PREIRSERAR Rhas DI RIdyaations 9 tecdistspidavenenhy pertext mark-up
language (HTML), a native scripting language, such as JavaScript or
9828Yipt, arfdoiref-ihartyavingsrs asssamapiiohanomatabdseset; 160, and
containing an Application Programming Interface (API), in conjunction with
[R828]suppliey. dechtbe draviegtidns tinaxidgram glosingetienpavsiva lof the
ERUPRAS A (it SPMIRSIR oA IR SHBRIL e command string for

execution. [0034] Alternatively, personal computer 130 may use a

ercial el heme P AHSL RS IRRIGABARARD ssanidactint i g

hird-party plug-in 151, in order to generate the command string. In‘one
BFthe SRR AAIRNG @BFthe present invention, commercial application

150 comprises the Microsoft Excei(r) spreadsheet.
[0031] Fig. 7 of the drawings is an example of a user-defined function

according to the present invention and showing, in particular, the text substitution
feature of the scripting language.



As is known in the art, the functionality of spreadsheet 150 is extended by
plug-in 151 which makes function calls to the API, in order to construct
and submit for execution command scripts based upon user input within
spreadsheet cells. Other business applications, such as the Microsoft
Access(r) database application may alternatively be used. [0035]

in ' 'nclude a custom, in-house
;‘% Wa@%p&%%ﬁ%@) opera |ng in conjunctlon with API 141. API 141

may be 8 supplied, for example, in the form of a dynamic link and load

\@bﬁ}%ﬁ%ym% aﬁ%ﬂ@&?ﬁ%@!f;)ésﬁb@%&%%&%m%%En @ﬁferent forms,

ndor-supplied source code library which may be compiled directly with
dhiste AT SMAYD spiitanioes B8 WhBSISPEORIINSSaY, sAKeIALSPectic
preddeimectd nédtticibe tﬁr@@rﬁdnding:tiﬂkﬂmsmmmdlsmgﬂmtism el Bonsdtiered

%@%rﬁ&ﬁé&%ﬁ‘ﬁf%ﬁﬁﬁ&ﬂeﬁ@ﬂ%% R&AEHGHESENS I0JUNHREEd to

exposed to callers by the API mterf ce. While plug-in 151 also references
tW@WﬁI InyRRiCSH SR BPdIRCRE fdsifefied from the business

ap lication user. [0036] A network connection 120 couples personal

ters 14Pterksligaramia) am oy prdketrabReniBobmRsrroOmBtRs ReTRh
qmmﬂfmsiaiaeiaas@t}ubfg rspedbvaiteysieth dvedpoaning ctie pregermitting
ﬁﬂémo?ﬁﬂebbﬁﬁ ﬁ&qtgsqﬁcfﬁﬂ}@tﬁ%d%gﬁ%ﬁ pé?é@HXPc%%lﬁeF@%”'ﬁQ

ortions e overall'command parsing and database querying system.

ﬁam@mf@fau{%%sme%@aa@ 5%2@%%&%% Lhmitfata st n the
riacei vé donanasdvebikgsannessing 2 inorandersiphaboainpgte red&0cito one

ATERSH MRRRERNGAEAGN BUiplidd A ARAJOUIRS rf&:%BQPéP&ffé?éHtY‘h%hners.

servers 100 back to the appropriaté pefsonal computer. In addition, router

TR0 KT PIRCB MR O WFPTNEY FaRYi RS CTIPIBYEE sy RERRRIAAZAR 250 from
diyackextimineup deguala¢HVMK), Altathetaeipting Soparage, fretval JaegSoept

'BT"VBQ ?:B"(ﬁi?é" ﬂgﬁdf ?ﬁ%&%%tWMQ@W%&%eQHQn
b servers 100 inclu easoftwar%%r‘pﬁ%lcatlon for S|n and

-tﬁ@ﬁa@y&% Aprirationfrea g ts R iRfdhdnSPRibR AR iR user-
rewspiied d3hisndcklsatienapipl wakio fo rgalyemmeoaew!hwntmnalstnng for

IngMRiKSRRAREd WBRR8IEmmand string for execution.

[0034] Aiternatively, personal computer 130 may use a commercial, off-the-
shelf business application 150, in conjunction with a third-party plug-in 151, in order
o generate the command string. in one preferred embodiment of the present
invention, commercial application 150 comprises the Microsoft Excel® spreadsheet,
As-is known in the art, the functionality of spreadsheet 150 is extended by plug-in
151 which makes function calis to the AP, in order to construct and submit for
execution command scripis based upon user input within spreadsheet cells. Other
business applications, such as the Microsoft Access® database application, may
alternatively be used.

[0035] Alternatively, personal computer 130 may include a custom, in-house
software application 140, operating in conjunction with APt 141. APl 141 may be
8



interface, such as an XML web service interface, facilitating the
submission of command strings from any authenticated remote device
capable of accessing such a standard web service, including web
browser 160, commercial application 150, via plug-in 151, and in-house
application 140 via API 141. Alternatively, a proprietary web service

R, RS S TRB S e S LA AR P B

s@f@mgt Apiral orrdelt ks cﬂ@t Rroreevderfoipiilied sxecetmiofithey
fwwcnaﬁa?%é:emmmﬁmgM@&@mmmf%sﬁaﬁm'%beqﬁ%%l”
ttagnliorrg]esogdat%ggerrlest ) % SSI g tabase 9 171. Q E’y
procesamg . 5B i?f % FrORMOTRITR SHeiRme ﬁ‘ﬁfﬁ’@'@a’i‘? gtion
dHRpRyCersiiuet BRO. qmbmtpﬁefem@ﬁ@ﬁmbg@l isensetins of colmiarfufietimion
cbad;aﬁ@a% samey bﬁa HRIAPIQRESEHRY Wa&gl ﬁtﬁ%@ r?mdré%adghte%xms API
[Ci vallable relational database
%twar & cgfrgteﬁeéklﬁ:ﬁlsa% iﬁlggerg;%%?‘a%ﬁ BEveRty [‘f?%%]“\?\%le Fig. 1
g&? tesae\ref % out of veralcomman? submission Parsm
ta retrleva OISR \OURISSRATgonaticanyers L to router
coRteinglatedrsd ambadiment tetwaerk 120 eompiishs, zoslgivety HiBGpaey
IARIREEBaRR SHIRILENRHING é?@&adn’sehrp%wigfﬁtebmﬁé
¢om th 1S, r\;:lttgeghthan ersonal.co vé)f ters. ?(iLeover network 120 may
CORBHSE 5 9eaT DR EmaagPastons gea?gﬁr EROmtd PRI LR he
RtaRRES ealying syaBmaliass thipriss message packets/ovkidiinge a
wmam@fsw@m&um Jl%éﬁ@dﬁﬁe&fﬁ%ﬁéﬁqwmﬁvfﬁ@oﬁl QothAIe130
erv%r clusteer ogbvg/gwe%mbp aﬁsu;%e W b serve ma alternativel be
used® [Ua4BMGresvear AR LITCRRS fOHGT TS BRRsS It
éﬁm@a&ﬂ%mwmmmwlmwmwbmmsmmmm may
Priysinatie SPRAGIRI GRMENIBIGetIRY W@é/sé\%FQ aﬁnﬁr}xn{aﬁ'@&mm@g'e

er Indeed, the da abase serve web, servers may all reside
Rl R el R o e i
e RddnERXieray! arbyadtengesion

¥

[0037] Web servers 100 include a software application, for parsing and then
executing the command scripts, or command strings that are received. This
software application may include a conventional, industry-standard web service
interface, such as an XML web service interface, facilitating the submission of
command strings from any authenticated remote device capabie of accessing such a
standard web service, including web browser 160, commercial application 150, via
plug-in 151, and in-house application 140 via APl 141, Attemattvety, a proprietary
web service interface may be used.

[0038] Each web server 100 includes a command parser, which parses

incoming command strings, in conjunction with secondary function database 170.

Moreover, for final execution of the fully parsed command string, the command
parser submits requests in the form of data queries to query processing database
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condensed into a single, unitary computer system, eliminating the need for
a network entirely. Moreover, although relatively sophisticated means for
the construction and submission of command scripts in conjunction with
an API are shown in Fig. 1, they may, alternatively, be submitted in a
more direct manner, such as by direct user input in a plain-text format.

[OP{ LOEL 2 SHOUR YRR 0B 1 MR AR A28 I yelid B oy

I'VICG in turn in¢ludes comman SCI‘Ipt arser

HelpbASeHROVE tﬁq:@ aQPﬁ@Eﬁ?rﬁFﬂ%@Mﬁél%é‘?%&%@é&é&%‘l%&ﬁmbase
fosrotioqssr paRaMhgalabdsaiaianediy rechtad) withbataa srelr stneera

(';c":{rg%?e"r%‘i% ine C?:SBF‘f"]QnBﬁéf‘Sat%‘l%%é‘%ﬁ‘\ﬁﬁ%{%@%@%ﬂ ﬁﬂ&%@% sal

ase as well as query processing sé 171 which, “in turn,
e Rs read -only database server 180. Query processing database 172
10 also includes date engine 172, which is accessed by command parser

10089)s shoWhimfiggd. ilustiates Asrafensd ipveisaian Bembyosshdse
%%M@F&taﬂ%#ﬁﬁété(n@fté@tﬂaﬁﬁuweﬁsﬁuﬁbtasrdmmwsﬁg&&mdﬁ&,ewsb

3 W |I ese data sour es
SppRetel 38 TS P B BRI SRR PO RED comprice
mmwmwgup@ér reitaaTRHieRE SEaRiFaRe s dess erather than
m&wr@v%ﬁwtbmemafamrmtmd1m¢mmaaetmmaayataamem or

format-This Rormall P;ﬂa%ftﬂétﬁéﬁ wstﬁsrwmﬂ%)%@tm fasirable

when quérying corn inancial data from multiple sources. In particular,

twsaRsekyets d Wailemplyeibr afiy e seoerss NP pie sRIfeTRIAkY, g form

rerneSiBge Reratedilnidher passdarncomshayiel wtbirgsveerd naitdosatively be
f ggaatted "on the fly" in order to access data that would otherwise be

stored in a variety of different table structures but can instead query a

YBHE, mOre Ol SOLIES PUNAN I GHOR. Y30 R0LIEIETHN Voo

s function efrn“flons only 1or co man iona

are o
reftyréatahiasRsear e oo, lgtfmréctmgemmgeaﬁa ateuﬁw%rw&war@rtﬁdo
) E@t@t@ﬁo@yﬁla;aarb@tﬂ%rtotmrd@Wn@eemawfumé@n the

ase a ns.. fu n Vi S
RS TR AR St ACASRe SIS G IRt B,
diatabash Searas: mmﬁ and cli ent computers 130 may a!tematlvely alf be

condensed into a single, unitary computer system, eliminating the need for a nefwork
entirely. Moreover, although relatively sophisticated means for the construction and
submission of command scripts in conjunction with an AP} are shown in Fig. 1, they
may, alternatively, be submitted in a more direct manner, such as by direct user
input in a plain-text format.

[0041] Fig. 2 shows web server 100 in further detail, as including web service
200. Web service 200 in turn includes command script parser 210. As shown in Fig.
2, the command parser also accesses local function storage 230, which is preferably
located within the web server. Moreover, the command parser also accesses the
secondary function database 170, as well as query processing database 171 which,
in turn, accesses read-only database server 180. Query processing database 172
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(0042] A flow diagram, illustrating the major steps involved in issuing the
command script, or command string from the client, receiving and parsing
the request at the web server, executing the request, typically including
performing one or more data draws from the read-only database, making
the results available to the client, and retrieving the results by the client is

QWn i|n FI%{ 2 |rst hown in ste 300 client software |nclud|ng a
B 701 43 L5 RO e YR ACSASHRSERY AREIRRA ERIREA 3104, or
bhowr d bioplitandiz, assémmesameamitﬁ@smﬁmmmusa dute st dhyrality
as@étmm@@nsm% aglf%mmréﬁaﬁgfs@%%@e Wﬁ%&@@ &é}tﬁ%?urces
written in_a scri ya n a mmand script into an
AT %}ﬁ %\éﬂﬁ?@ﬁﬁ%ﬁﬁ?@é@%ﬁé&%&?wg 8P
dmfé&@%wﬁb‘féfhﬁm@ﬁtmm@@me(ﬁedaad@tﬂf@wéikesemmmm:msmp
§%r&hﬁyc&mamsa¢b FRAHERE mglaéﬁmtmmwea%@é!&ef&%t This
R&%eéri ?dno'int?% peerg%m tnl%egnlls'e 52‘ |s used, g{honnect the client
computers to the we TLANGIRE SRY D L YRR R MR GG in
ﬂ?@mﬁmf B @'ﬁtﬁ&ﬁérmmﬂtmbe&aym !Lnlpmmaguﬁrmpm@zmeicwemn
g@ﬂu@mylsdee@g@@hbarww@mwralsl,ftr@géa@s@rgéa@@gbemp@félB”a%aéda

r se glyster. is emplo |;1|n|t| eb serv
i s R e e
W%%?@ﬁ%é%&ﬁf@élww*%@r%ﬁlﬁﬁmm tﬁéedtfgt?éwme&l!t pasingisany,
theryelirevenibahitriisoated/ @Wd&ﬁ@tbﬁ%ﬁaﬁé@w@ﬁmbiy
uest rfo ming the inve

e e TS e
THEB AR RF égief@qmsorﬁb'fwsem graupiia @%ww.m nsit reamiis any data
sitfiagat ortedngstharcSeivneadyriatirneasiag: Fmpra@r&w&ad&ﬁ@p
é@&.&h%m%@%waw e GRS NE BISLRKS & AN

ect hierarc sample command string 1S SRown i ' BRd3Re
ﬁl’@EB?ﬁ[%%’ Qﬁjﬁ%ﬁ tﬁ‘é@ﬂ%ﬁﬁ%ﬁ%ﬁ)@ﬂﬁ'@“@bﬁ?ﬁﬁ&'ﬁél%ﬁﬁﬁg to an object
hierarchy is shown in Fig. 5. Referring to Fig. 4, the sample command
Wbt is shdwﬂowaﬂmiéihgt@%ﬂwm@o@fsmmim@m@ke'casulgeﬁ&aated
Eohtielind it dibenaxanaeing frism Ahearthtleleailfly SRINRIISRS the

'see%ugp&em()ef&o%rsgf{%rra %E(eercsut%gl?r?esrg'qaugstc%@a ¥y |h<t;YV8tr\a/ge Séc OI’I?’\?I{Q one

or more data draws from the read-only database, making the results available to the

client, and retrieving the results by the client is shown in Fig. 3. First, as shown in
step 300, client software including a custom application and the AP, spreadsheet
and associated plug-in, or browser application, assembles the various information
requested by the user into a command script comprising a sequence of function calls
written in a scripting language, and packages the command script into an overall
request. The client next compresses that request in step 301, to achieve a more
rapid transmission of data to the web server. Next, in step 302, the compfessed
request is submitted to the web service. In a preferred embodiment, wherein the
internet is used to connect the client computers to the web servers, the compressed
request is submitted in the form of one or more TCP/IP packets.
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characters, and a "greater than" character. Although, in the example of
Fig. 4, a custom delimiter is shown, and industry standard format, such as
the extensible mark-up language (XML), may alternatively be used. The
final token shown in fig. 4, END_BUNDLE, is employed to demarcate the
end of a set of commands associated with a bundle. A bundle is a set of
results which apply to the same set of financial symbols, or other form of
®is3deing JustrecBoSittnieninanieshiareprived 1@ welheepdhnfaftiin a
E&@'fﬁrmmﬁaiﬂméklaiqiemm,ﬂlﬁ fee biiis@nakdmmbyaapamiﬁl@im#&iple
undles, sequentially within a single comma ring..]0044] Fi ows
TR R SRR S SR St
OFjeesTNarierampsodapairRiNeT Vit @?&?&Sﬂﬁét bt ster30fidhesken
dewarinia B potentnbsvakddup cinasaferequestarechpiéskesRnk ISdthing

el

unction.
55180 Tt OnSE R dSRBIRG FEGHEL S AR PSS 96 PR RPramang RietiAr
figninari being contshedteeéiids asadpjecprbasssinag fiisttiies ebonprisisigghe

%%EP%?nggggeqﬁgha%ﬁ{@awt%c%kg%%keﬂ%wﬁﬁoim;ea the

second tier: a matted value of 5/25/04, and the string literals oc
AT A SRR ERUATIARASERE A SREB R hdh - AR PR SR HENHC 2
imﬁ)mrcdn}e@f Wwithctimeeatie kstisgftesti ebjeomimia_mtytlsesp@mﬁti dig. Galid
fﬁ%m (SRR IRk ShRER AirgGo RANRT £OMRIFINAG RS equence

potentially valid function reference named CQ EPS(}: and a third tier.
iRCRAYA ek R SRRAAIEL S\ fe miters 1. fSErs R &g Batrofoelipniter
fotlaprinesth ssoeatterobioanabbjectemne edliess/ thane chaxa sl ptwo yesticsd Siag

the cRenand stipeeoReretinaRiun CHRRLIRRKHPROBxalii st aut of

operational function lookup is to resolve %ﬁ/m ols knovF\{Q nativel

B B51imiten 5 ShPwhhaad ST AR FRIT R USRS S8 ‘ﬂ%rf*ﬂ?
madick-elpdaniuage, (Kive)x anap l@tehatvaly lbeinged dddifioal, tokbrsiationin Fig.

AN BONOTRURIRM AR AsarEiolne Biefbpa SaptieBaAs
symbols, that are resolved to diorreségono‘lm a% Lunct o?s.mAn exameﬁlef
GefRerab It Bidian MEHRLS HBSE YD SR g apply 1o the Same Set
financial symbols, or other form of data being queried. Although, in the example of
Fig 4, the command string includes a single bundle, the parseris capable of
accepting multiple bundles, sequentially within a single command string.

[0044] Fig. 5 shows in detail how the command string 400 of Fig. 4 is broken
down into an object hierarchy 500. As shown in Fig. 5, the first token of Fig. 4 is ‘
broken down into a potentially valid function reference named TICKER_LIST(), and’,
on a second tier below this potential function the string literal IBM, recognized as a
parameter, or argument to the potential function. Similarly, the second token in the
command string of Fig. 4 is shown in Fig. 5 as being constructed into an object
having a first tier comprising the potentially valid function reference CA_SALES(),
and three items on the second tier: a date-formatted value of 5/25/04, and the string
literals ocy and m. The third token in the example command string is broken down
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mathematical functions is shown in Fig. 6. A mathematical formula 600,

. including arithmetic operators applied to string literals, is shown. In this
example, the string literals, or variables, are represented by the letters a,
b, ¢, and d. The mathematical formula shows the addition of a + b, the
subtraction of ¢ from this sum, and the division of this resultant
intermediate value by d. On the right hand side of Fig. 6, these symbols
ardorasakiset withdbrerifie she Asdienes pivingrihef tble tatynativcfuscrim

aetbreptacingsbSEOMER!S vbaRPRSO RN SRY BRNOALHSIHRFHA0Nction
lymbols 610 included three

e S b b AR S e Il v v e -

nested functions.” The Inhermost, unc
alfl b. The next outer function, "sub", is applied to the addition function
and the variable c. The outermost function, "diva", the division function, is

dBpABH to th&efastincorasietedtin: Jufsdivuinadhe theatinitiof smrinjels diefameg]
e e A 0
I I y be rej
e T U R 5.2 B R B R ERG o
desa el dopiasesd, Tinrsedprisienterareadn dkabererppandiminaliovasttee, suith
?npfamia?ﬁwnit&a refeieeasd dﬁat@cgngtt ﬂa&%\/ﬂé&ﬁm ’ larél?,slmg?%s wel
| rationat In Nature an ence Known locally 1o
o SgIBe, 80 e B A Bl B E et B FBanctinn
VeI BHRAIRNPa A1 rastda Sibilee sreni eiisat RS Rditunatie SYBO WS tBiascinted
enderetnaﬁeaefmmmmﬂmwaaﬂr@mtiawhﬁﬂdﬂéhﬁu%@@mqyﬁﬂgg,
sition In t opject hierar ,1sa
e R e A e B Papeobe s

TRIRIER YaieblyIsaaTarrsoitad &y Hedetanal funansid. winsspathematical

mmmmnwmﬁbmomm@&aemm?@hﬂlfﬂB%&nﬂi@%ﬁ&,%}?}ﬁh@ "
] , fes.t etrievi g ancla

E*#E%ﬁ;&'éﬁfﬂ%@%ﬁ?‘%ﬁéﬁ[%fa?%%%”éﬁié?@m el e,

ihess SumpraaisEsrlvemBY Byditins dha ssrrriziad oastivamt the eomeand

. Setipttantiteplatingtize stpnkdicken) dpjsranias, dorbeEXHRIRIR SN FBABEnces.
# jSo%ﬁkgﬁg 6. the resolved symbols 610 included three nested functions. The
innermost, “add” function, is applied to variables a and b. The next outer function,
“sub’”, is applied to the addition function and the variable ¢. The outermost function,
“diva”, the division function, is applied to the result of the “sub” function, together with
variable d.

{0046] During this symbol resolution phase, preliminary eror checks are
performed, and further processing of the command script may be rejected if a syntax
error is encountered. When the operational function lookup step has completed, the
object hierarchy has been partially rewritten, with appropriate function references
replacing known symbols. In addition, those functions that are operational in nature
and hence known locally to the parser are also resolved at this time. This is
achieved by consulting the relatively rapidiy accessible local function storage 230 of

Fig. 2, in order to determine whether each function specified in the command string,
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4, the function SLOPEIO() is also a function stored in local function
storage and natively known to the parser, indicating that the analytical
function slope, or rate of change over time, is to be determined using data
considered over ten day increments. These and other functions that are
commonly used in the general field relating to the user's query, and
anticipated to occur relatively frequently within submitted command
stheiacetbviinaraBRPEIRIS PoRkige ibthr qbisetiately ire lpealvdipown
kosmiBrAo the parser. [0048] As is known in the art, this local, relatively
high speed lookup may be performed in a number of different ways. For
etzsaaf@_le, thadagaly4new B cRgieesiglay NErtRad s isalatiey or
small file and O%Iocal ard disk ortng@/ be é/tvlthmtoca_l rangdom access
PR -%’E?[g??ﬁ PR ARAARE TRAT DS Shole H' S SR fe MRy T
dRvabditeta thatitveel tigsibel theinasonigiod uemias souhetangglates to
Adervatly aiunthe MBstabRaBemne ol fdargdbfanany a:krnithipcation

and ,retrieval. Data may, be, structure r_rapid,retrieval in a binary tree, a
igeRd o, R R AR AR (BT G (87
Iselectasbitrare s ckiidiedy MOmevSkiToRm SrRRIGeeaMA SRR RS Kig.
aLeRssirghniguerEnl)as HsshingtivRytbedPadda farity seiagd ne
whether, ifile Cli ists. withi I ti

R RIS VAR oA R B Bt of

SHERSSSAFRLMRIfA LA RjeARIE USHREIBECIP A ReraYRE deBBh diment,
apfrememateinaRata 40Rfinetions th\akecomnsidraeskc amtrogdyieraetkid
nd stor, ithip.thisJoc ' I own
%e&%ﬁ*p%f%ﬂgé%%ﬁﬁa%ﬁ%%“ﬁﬁ@%&%%ﬁ?ﬁﬁﬁgﬁ%ﬂFﬁﬂor Bty
SO U TRE AR, oIS PR KR BRI oo SORSN iRkare
laafbdiyrictiom statageategether with additional descriptive information, in
the form of a function signature. Moreover, functions which relate to or

ippwiep data AgtgRrakamdtReROhio tatky, kerive eRRpestiRdRep may be
e R
redeaalniHed sivsan ithe reltyal Aol Alaisndanatiecs hartfisk, or may be
within local random access or read-only memory. Function names may be stored
| sequentially, in alphabetically ordered tables facilitating sequential searching.
Alternatively, the function names may be indexed for more rapid location and
retrieval. Data may be structured for rapid retrieval in a binary tree, a balanced tfree,
or a mulfi-way tree, faciiitating a binary search or other b-tree search method.
Moreover, as is known in the ari, a rapid memory access fechnique such as hashing,
may be used to rapidly determine whether the specified function name exists within
the iocal function storage. Specialized search-accelerating hardware, such as
content addressable memory, may also be employed. in a preferred embodiment,
approximately 300 to 400 functions may be considered commonly used, and stored
within this local function storage.
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function signature contains descriptive information, identifying both the
name of the function and characteristics of the expected parameters, if
any, that are passed in as arguments to the function call, For each
parameter, if any, its name, data type, default position in the parameter
list, and default value (to be substituted automatically if the associated
p ter value s not s lied by the user in a particular function call
T oo R BRI PR TP et L OBl EnA Slentocal
pEfEeRIFApiditansesstoniyttie wireas isjtnia pefemansabbasiead stored
OaReISEKEINEHER ABRJAZAMD @&%HMI‘B&EPYE&@@F@%&Q in the
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tgﬁ%@ﬁg't%ﬁ@fﬁtﬁfg ;[;5 rggpggl ealaof he @otentlal function names
that were not natively known and stofsd Witk (bAZY iR EaBIe <tata gee.
Eslaiinnsitiandnerasamatesdesrand tatedbhslumtivdsewhishitoaain
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ns,relating to data retrieval, which require one or
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me. user, Qr sybmitte nother user, such as
e ] o U S oneahy Moo

Jassodair it rrmmande o vingsiate cetirvainihe paprawtertisgitnéne

| ;mammm, fuhetie'rgisasbut_mes@nﬁb&méfﬁga\ra@ﬁi@a@&%ﬁmﬁSémégé‘?s, if any,
ﬂ‘gl | a store proce e Ich IS used to

pﬁ?gﬁlﬁéhgeaﬂﬁa retﬁe‘ggﬁgmeﬁﬁ%n\f%? ' %‘r?rrfﬁ Iégﬁ%:%ﬁ?ﬁﬁ\éhafﬁ%‘?
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[0050] Referring to Fig. 3, following the operational function fookup step, data
retrieval function fookup 307 is performed. In this step, the secondary function
database is consulted by the parser, in an attempt to recognize all of the potential
function names that were not natively known and stored within local function storage.
Essentially, this includes all potential functions names which remain unresolved,
The secondary function database will typically contain both a large number of
functions relating to data retrieval, which require one or more data draws to be
performed upon the read-only databases, as well as new functions that were
expressly created by the user, either within the present command string, or during
the processing of a prior command script submitted by the same user, or submitted
by another user, such as another user within the same business organization as the
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describe the nature and specifics of the data retrieval operation or may be
used in a textual substitution within the formula of the function such that
the function's formula is modifiable during execution. In a preferred
embodiment, several thousand or more functions, including both
predefined and user-defined functions, may be stored within the

dary fupction database. 100511 F function parameter
AT U BT RN 1 AR T, 10 R FEReR 08 S0 Gy

tueignstiven itesonking ¢haaavarnctaroasreoteddnioahedtunttivre Kamplendaither
R YRS QLR LHRREING Wilatas\RIEE (PRl W BER MADR dhershilt®, or a
ecify the Qurrentt datg. %oreover,_?riﬁgrﬂehers e%;’)ec ing a %Be of at
i@mn GG BRIl 1S SRR PR WG 40 RAS BaIYE P8R Alsed to
UeswivSiraateie rid s[eoiieg ¢ drecdalh fstdeafinedraietammandeorsedt in a
;@&t{gi%ﬂaaﬂdﬁmmt' i ﬁi:ftﬁé?jﬁm%ﬂ{'&i t_ﬁh@f@@}ﬁwb%@hfwsml _ﬂ%i%tﬁ?ﬁ%tnﬂuéa
UNCU nature IS stared, containing .intormation simiiar. in content an
5 Hiodani dlang cxeaion’. in s preterted embedimdid several aandiol
seradgenaipaspiesiieg betibergrainad @nd seeneetngdiimstions.dartbesdared

Migliasné sstindeyrendioiaialasass. and typically resides on a computer
other than the web server on which the requesting parser is running. In

psgsyjio detepnippavhaiiieh paramEesolMRAduRcHaRIER Mt Sdianyillaia the
§ecc%ndar¥vf nction database, the ﬁar er in\gokes a Rrepﬁlefined, stor%d
Unc the

TSRS TR S EBMARY TR ARSI YRR ALC eyl known
cEIFURT Trangs, Toieo S aETHReNEPRONG adieraiecedaite ilterireay be
ieednd Bpesig) M ke ih et anifiesvi N EigRRRBR S dpRWIRgY Bl geturn
Aindication hatihe,spegied aelion namays ot sigredalhin be .,
secondary Gyeeh c?ata ase ' e example of E‘;i’gs‘?r it fed States
fimlefidns CA_SALESO and CQ_EPSO are system defined, rather than
user-defined functions, having associated function signatures stored

W858 the seiconermly Hatefiopddrysieraduncior dirssdetiefing] functiwhstored

R R At P o SRSl Uil
HRCEIAS e A R i (SRR R Sopa LA or P R e

Iwwnp!'am_@asfuncﬁon storage. In a preferred embodiment, the secondary function
database is a Microsoff SQL Server® database, and typically resides on a computer
other than the web server on which the requesting parser is running. In order to
determine whether an unresolved function name exists within the secondary function
database, the parser invokes a predefined, stored procedure within the secondary
function database, named GETFUNCTION(). The GETFUNCTION() stored
procedure will either return the signature, if the specified function name is known, or
will return an indication that the specified function name is not stored within the
secondary function database. In the example of Figs. 4 and 5, the functions
CA_SALES() and CQ_EPS() are system defined, rather than user-defined functions,
having associated function signatures stored within the secondary function database.
The first letter, C, in each function identifies a particular third-party source of financial

data, in the first function, A_SALES indicates annual sales, while in the second
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completed when all unresolved potential function names within the
command script have been checked against the secondary function
database. At this time, if any function names still remain unresolved, an
error is deemed to have occurred, as the command script includes
references to unknown functions, which cannot be executed. If this
occurs, the command branch associated with the unresolved function
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et!wr@s@ﬁﬂentaf ied within their associated parameter list are fully resolved.

[0054] To accomplish this, a tree data structure is created. For each element
in the object hierarchy, a sub-tree including an ordered list of child nodes occurring
beneath the parent element in the object hierarchy is created. Each chiid node has
one of two types of classifications: a PRE classification, identifying that the child
node is to be executed before the parent element; and POST classification,
specifying that the elements of the child node are {o be executed after the parent
node. Next, this parent/child data structure is recursively executed in the foliowing

" order: for each parent node, execute all of the contents of the PRE-classified child
nodes; execute the current node; then execute all of the contents of the POST-

classified child nodes.
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classified child nodes. 17 [0055] As shown in step 310 of Fig. 3, once the
execution plan is created, it is executed by the parser. To perform the
execution plan, the parser will invoke appropriate procedures within the
guery processing database in order to perform the resolved functions
from the command string, in the order specified by the execution plan. In
3eneral, many of the functions referred to in the execution plan will require
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eir specific operatjon. Suc rent nodes will, in, turn,. generate a hew
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Fecondingonoie seadily sarfandedisciatornmeaformawd asiditional datiteiensl
hay&iggassociated parent node. This final operation's Data ID will,
accordingly, be associated with the final calculation for the overall

5[|§§9§jated UELS tHARHARY B';f‘é?%tiﬁn %%e%%réﬁ%ﬁé‘&h&éﬁﬁ&ﬁ iQfég&Ib%éB%
client that the results are read}/, informing r%he c%g%t of both the identity of

tFROTRELAES W BTV IEY I RS A HABR '6F 1 BRELHATSM ihiBaiect
deadralse jsveheretat Suasidts aviid heveathitseettowilempll thetBetalia'of
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§te 312, the client reqruests th(-?-se resul%slcgg S ndi‘%%éhe results .
GERERIRG PR (B el aasH L HRRL PR RTR YR RERRF. These
resspkestiveepemnipredass df, any sHbwilinal eperntars parfdrresd incal reptinodgiovil's
QP HERE s @R iaRAWAEhSIRR S 1tnE iRadlotation’s Data 1D will, accordingly, be
associated with the final calculation for the overall associated tree structure. Next, in
step 311, the web server informs the client that the results are ready, informing the
client of both the identity of the results server, (i.e., the IP address of the secondary
function database} where the results are fo be retrieved from as well as the data's
associated, fina!l data 1D, or results identifying number. Next, as sh_own in step 312,
the client requests these results by sending the results identifying number to the
‘specified IP address of the results server. These resuits are compressed, as shown
in step 313, and returned to the client’s computer, as shown in step 314. Finally, as
shown in siep 315, the client processes the results in any desired manner. For
example, the client may generate graphs, charts, and/or textual information in order
to present these results to the user. Alternatively, or in addition, the client application
may use the returned data to populate cells in a spreadsheet software applicafion
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shown in step 315, the client processes the results in any desired manner.
For example, the client may generate graphs, charts, and/or textual
information in order to present these results to the user. Alternatively, or
in addition, the client application may use the returned data to populate
cells in a spreadsheet software application 18 associated with the plug-in
maklngﬂthe data refﬂuest via an API, or may produce a detailed report
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especially desirable where the client requesting data is remote from the
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eraomshasehstotigsclibatve other capabilities. For example, a client
computer may, via an API call to the web server, use the syntax of the
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arameters, "stat" and e present Scrip
\Rfﬁ@h@\/@q"ﬁ i’/!ﬁ?&lﬂ@%"é&d’é&d commands that are not natively known to the

parser.

[0059] An example of a user-defined function, showing, in particular, a flexible
text substitution feature employed by the command scripting language recognized by
the present parser, is shown in Fig. 7. As shown in Fig. 7, user-defined function
User_Func() 700 is defined as having a signature including two string parameters,
“stat” and “depth”. In the present scripting language, whenever a variable preceded
by a pound sign (#) and, together with the pound sign, enclosed by angle brackets is
encountered by the parser, a direct text substitution of the specified variable's value
is first substituted, and then decoded by the parser during the object hierarchy
creation, semantic understanding, and function lookup steps. According to the
specification of the user function User_Func() of Fig. 7, whenever this user function
is encountered by the parser within a command string, it is replaced by the string
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by a pound sign (#) and, together with the pound sign, enclosed by angle
brackets is encountered by the parser, a direct text substitution of the
specified variable's value is first substituted, and then decoded by the
parser during the object hierarchy creation, semantic understanding, and
function lookup steps. According to the specification of the user function
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ar?w ers, respectively), the parser substltfutes' these two parameter
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o heres! reosRnddayend98%@] s another example, the command

st_nng 720 is'shown as again invoking the ‘User_Func function, this time
yiigfe P eiife s im AR Yot i ds HRERARI AR BAagNAS the
lext sum, concatenated with text 15, concatenated wﬂh;‘(P_ﬂPncq‘%O?).)". In.
iRKeking Mgkl sead, iRt hisditn & Wit s PRESARIRFE SHIT tiedpdrser iRis
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-databa3e, as a 15-day sum of the specified parameter, again, in'this
rpEiede i ST T o T
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as a 15-day sum of the specified parameter, again, in this case, the most current
price for the stock under consideration.

[o061] As can be seen, this text substitution feature within the overall scripting
fanguage recognized by the parser provides a significant degree of flexibility for the
user, permitting functions to be written that do not, in and of themselves, contain all
of the necessary references to the functions that will be invoked. Instead, the
functions can be specified within a parameter o the user-defined function.

Moreover, the functions can be specified by a combination of multiple parameters to
the user-defined function. In the example of Fig. 7, the User_Func function allows a
subsequent user of this user-defined function, which may or may not be the author of
the function, to separately specify a statistical operation, and a depth of days to be
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language recognized by the parser provides a significant degree of
flexibility for the user, permitting functions to be written that do not, in and
of themselves, contain all of the necessary references to the functions
that will be invoked. Instead, the functions can be specified within a
parameter to the user-defined function. Moreover, the functions can be
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n general, commanad athags are parsed and

[?6 rted frqm the er% e%ln f the current dﬁtZ&A date value of -10d,
ample, nfeans 10°dRY8 p 5‘,“9&?{8 REFFEAAI PG Emith e ne
%gﬁ%e%ﬁétm&genmmmda@ value of ~10d, for example, means 10 days

prior fo the current day. However, in one aspect of the present invention, a
Set_Run_Date() command may be invoked, in order to change the current date, for
parsing and execution purposes, to a date other than today's date. Once this
command is issued, all relative date specifications, such as ~10d, are based on the
run date that was set rather than today’s date. This, in turn, aliows queries {o be run,
and data to be pulled, from an historical perspective. This may be desirable, for
example, when a particular query, which is regularly run, is accidentally omitted on a
prior date. This also may be desirable in order to perform testing of a proposed new
function against historical data, in order to verify the operation and accuracy of a new
user-defined function using prior data as a test bed. Moreover, date engine 172 also
allows_ users to adjust both start and end date specifications by moving forwards or

backwards in time by using “date math”. For example, “-1aw” is employed o “move
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Set-Run-Date( command may be invoked, in order to change the current
date, for parsing and execution purposes, to a date other than today's
date. Once this command is issued, all relative date specifications, such
as -10d, are based on the run date that was set rather than today's date.
This, in turn, allows queries to be run, and data to be pulled, from an
historical perspective. This may be desirable, for, example, when a
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the invention, and the invention is not limited thereto, except insofar as the appended
claims are so limited as those skilled in the art having the present disclosure before
them will be able to make modifications and variations therein without departing from

the scope of the invention,
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[0065] The foregoing description and drawings merely explain and
illustrate the invention, and the invention is not limited thereto, except

- insofar as the appended claims are so limited as those skilled in the art
having the present disclosure before them will be able to make
modifications and variations therein without departing from the scope of
Vet iR elRiise 192 What is claimed is: 1. A computerized method for parsing
and veofyipatieapnants erpsemgnaadstying subaiitecdaT exseiand
s%?@l%ﬂét@%ég? ?%&%&Fa#?%ﬂ%ﬂ& ﬁ?é*},@g@%f?‘?”pt including at least one
token and written in a scripting language; providing a first, substantially

rapidly-accessiblP@HidinNg GrecBBIRaSHp R DR RER P ABH
signature dejimiiomiacioabngclapyozge, function name that is associated

with an operation 1&?51;@%%&@%&8%&;%&8@%% W%ﬁ%‘&%ﬁ!i‘t&%

completion, and & prim parameter SSOCI the primar
function nasROERINEAIRESTARND SR BRI RAYSASiRARB iRciuding
providing a séeanddatasteradhiad s Esodaiastaittialyoppidiysacorssdoie

than the firsfdalaciois 16 Se6000.SRIR. MY BCANADING Ao ASLAN

e
secondary function signature definition including a secondary funcfion
name that i§HEES{RLIRY FFRACREIWIRARR RAZPRE dRFIe AT S 8RR 8
completionzant & secendasynptraspetiicksbassociated with the

secondary functiqg nadne 3l RAYRGZ SIFOTHRCLRUBG S Fially rapidly-
specifications; rec,o‘gnlzm%}aég least one E?S),rtlon of the at least one token to

potentially rapTRRRlE AR AR 4Bt R ieIs o RALPRIoME SRR RN at
scripting larieggsges thesputentfahftion sgnakierdefratihavinpdngaeatiahdary
function namp &BA ASHR ANSIRARIBRIALRREPEBRIREMBSAELERes data
therewith; retrieval for completion, and a secondary parameter list associated with
the secondary function name and having zero or more parameter
specifications;
recognizing at least one portion of the at least one token to
potentially represent a reference to a previously defined function in the
scripting language, the potential function reference having a potential
function name and zero or more potential parameters associated
therewith;
searching the first data store for a matching primary function
signature definition having a primary function name matching the
potential function name and wherein each of the potential parameters
has a matching entry in the primary parameter list associated with the
same primary function signature definition; and
searching the second data store for a matching secondary
function signature definition having a secondary function name
maiching the potential function name and wherein each of the potential
parameters has a matching entry in the secondary parameter list
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searching the first data store for a matching primary function signature
definition having a primary function name matching the potential function
name and wherein each of the potential parameters has a matching entry
in the primary parameter list associated with the same primary function

ignature definition; hing th d data store f matchi
A = e T T G R
matching the ipatentiabfimatdunetionesignatuwe dedintioadhrot fheng didingifirst

parametersfiag &gpatching entry in the secondary parameter list 23
associated with the same secondary function signature definition, when a

MR INGRAMRABLIUAGHS BRI AR IRINERGIAY fldRpadsdn the first data
store. 2. The method accordin to‘ﬁglalm ﬁ%urther.comﬁ_nsmg the steps of:
Fiste

- recel'vir{ﬁcﬁﬂ‘gn@otﬁﬁﬁgﬁﬁngg A& rﬁﬁﬁﬁ&ﬂ@ ; constructing an
execution plan incloastigctingchreexsedioxemivplusing Arsoadalethenecution of

determined G naleh B datentiahfdnsieRPAMes cRSKATIIREoH Bame:

execution plan, thee%erform nce of the exec tioneggan includmﬁ the .
orming, fhe sxecution éalq_n he.H rmance execution

assembly of resylﬁng_ ata’into a'result set, storing the result set in

association Wahirchediog tetaeranificbrestiiiag ciatsem@n rerolisRtig the

result set identifiestanggand desilificatioaebinfiorositl SRIvat d6t therelianin a
application; recu?tivinlglé;}__request for the result set from the client application

by the resul{%servg?; and transmitting the result set from the result server
to the client appliegditting thesissieadderifiegard arddamitionianobithe

according todglairssrlepiinyRaspinathiticgrend data store comprises a
relational databasl%ceiving a request for the result set from the client application
by the result server; and
transmitting the result set from the result server to the client
application in response to the request.
3. The method according to Claims 1 or 2, wherein the second data
store comprises a relational database.
4, The method according to any one of Claims1 to 3, wherein the first data
store and the second data store reside on separate computers, interconnected

by a communications network.

5. The method according to any one of Claims 1 fo 4, wherein the command
script is submitted for execution by a client application.

6. The method according to Claim 5 wherein the client application includes a
spreadsheet program.

7. The method according {o Claim & wherein the client application includes a web
browser.
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4. The method according to any one of Claims1 to 3, wherein the first data

.. -Store and the second data store reside on separate computers,

interconnected by a communications network. 5. The method according
to any one of Claims 1 to 4, wherein the command script is submitted for
execution by a client application. 6. The method according to Claim 5

frherelheERR ARSI PRE R YE e heYERERRAIFalPa i chdegan
apslivaticaqrogdingriod iémabe/irerenstthaing ent sphiiititio thinchnttesra web

Qtrrﬁ'\‘liﬁ&r e2écGiohhs Behed m&&lﬁi&!&é’%@%%}ﬂ@%ﬁbﬁmﬁqn
application includes an application programming interface for constructing
RFRP QIBRREHEIE@ G mmand string for execution in response to calls

made to functions exposed by the application programming interface. 9.
$he m@?ﬁé‘%@éo‘?ﬁ‘fﬁ@‘f@é%?@r%’%?g‘%ﬁ%‘é 1 REBYRrERRaFRITER R nce
to a prewiosiyglyedadin bchdtom ttom rsfaaefe te agpdo@ipyelamesdyusksfined
usahzdafingdfunction. 10. The method according to any one of Claims 1
to 9, wherein the reference to a previously defined function is a reference

tlfg.a PrENAaHSIK el iMnelion At b d?&ﬁ%é?‘ttfb HSREMNING lRAGHAGEL o

. The method according to any one of Claims 1 to 10, wherein the at
RIg¥cHRk Geiiesd THefiaR & 2 FRERGEIP R REYCTRINARIES TR RS teps
obtive értimstauicting Wegphgality of tokens into constituent components;
and - arranging the constituent components into an object hierarchy. 12.
Alcomphserieedhaetbhatinkptoproy ishie @Olises exte tGillisessn it gt leagiuage,

GORRTiRRGLDS SisaRohalNing aserdsiiRad insicRiten in the

scripting language in "a data store, the user-defined function including at
least one $R&RAIFELEING JubeldRit REIRRH INih BCATIB B IFTIBANRIRRIARY at

least onearranging the constituent components into an object hierarchy.

12. A computerized method for providing a user-extensible scripting language,
comprising the steps of:
storing a user-defined function written in the scripting language in
a data store, the user-defined function including at least one parameter
associated therewith, and a body portion including at least one
substitution symbol indicating that the value of the at least one
parameter is to be inserted as text in pltace of the substitution symbol;
storing a function signature identifying characteristics of the
user-defined function in the data store, the function signature including
the name of the user-defined function and a specification of the at least
one parameter;
recognizing a command script written in the scripting language
to include a foken containing a reference to the user-defined function
and at least one parameter value associated therewith;
retrieving a copy of the body portion of the user-defined function
referenced in the command string;
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substitution symbol indicating that the value of the at least one parameter
is to be inserted as text in place of the substitution symbol; storing a
function signature identifying characteristics of the user-defined function in
the data store, the function signature including the name of the
user-defined function and a specification of the at least ong‘ t,:'fao meter;

recognizing a comRATSIRRVGRRER R RS LRy AN oRRY it

a token contagrdhigastrefierearemetethaiuser- tﬂefmb@?functlon and at least
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portion of the us%r deflned t{1ctlon referenced in the command string; 25
replacing thES9R8 SR BARRYASR: bol within the copy with the at
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e ptencakihadise isdetispskiunglignds altered to include an
invocation of a function that was not contained within the previously

stored user-defined function. 13. The method according to Claim 12

;/4\/51 the t least Oé] Q éﬁmet% of the user-defined function includes a
st P%ﬁ&%%" &R 6 a é’i’e? "tk at least one substitution
sym bol of the usethddiivadtenecparaniatsiueldbautastisiibedfuticivryinbdes a

and a secorgtsuasHikian sHmbedcdndigatiigdiaat the values of the first
B e P IS A0 (878 ST TRdBId e s LR A
includes a first substltut!on symbot and a second substitution symbol,
indicating that the values of the first and second parameters are to be
inserted as text in place of the first and second substitution symbols,
respectively,
the specification of the at least one parameter in the function
signature includes a specification of the first and second parameters,
the at least one parameter value associated with the recognized
token includes a first parameter value and a second parameter value;
and
the step of replacing the at least one substitution symbol within
the copy with the at least one parameter value of the token comprises
the step of replacing the first substitution symbol within the copy with
the first parameter vaiue of the token and replacing the second
substitution symbol within the copy with the second parameter value of
the token,
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the specification of the at least one parameter in the function signature
includes a specification of the first and second parameters; the at least
one parameter value associated with the recognized token includes a first
parameter value and a second parameter value; and the step of replacing

W?e?étblfé%:‘PBﬁaéHFP&BMHBB@!W%%%FBE%%&%X%@E@%&B'ﬁm@ﬁb@%

parameter value of the token comprises the step of replacing the first
leBEﬁFBﬂdﬁ B WAR?ShE RYEO R RE MR Bedmater FuIGieBT the
toedirgnite dpiboangmbesetonshd thiestruticoh smyrerhaienwthie. the copy with
the second parameter value of the token, 26 whereby a run-time
interpretation of the user-defined function is altered to include an
invocation of a function, at least a portion of the name of the invoked
function including the first parameter value and the second parameter
value. 27
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