TI TLE OF THE | NVENTI ON COVMAND SCRI PT PARSI NG USI NG
LOCAL AND EXTENDED STORAGE FOR COWWAND LOOKUP
BACKGROUND OF THE | NVENTI ON -1. The Technical Field
[ 0001] The present invention relates in general to
scripting | anguages and associ ated parsers, and,

C , to the parsing of command scripts
Tiﬁ&{SFQ%rEfdgr ?r(#'%at can be queried against rel ational

COMMARBISRIPE PARSINE USING A CAIORRB ExFRR RDEDSFSRACE FoR

COMMARDRIoaSs user queries witten in ahguage t
is not a database | anguage into one or nore queries

BAOKERGURD Grbtiee INvgefiBRase server software, such as

rel ati onal dat abase server software, have been known

in Theh'EecanrbalfFMd years. These parsers typically
translate user's command script to one or nore

093] abas&he B@Fwtmia@a ingereralde atripting oguages and

assCRABHRsers, ¥R, s ﬁ' No Ie et at'% f#‘sﬂ@g %ﬂﬁma

r@ag% %9?(9 %?%%é"sf Fiatippakdatabasesof a gl obal

dat abase . query into a plurality of I|ocal sub-queries
2. t 0 BeaPadr Ator and retrieve data fromthe individual
dat abases referenced by the gl obal query. [0004]
0083k hr anQueily Parsers, whish presespsersugiss witisn in 8 lagiguagetthat is

noﬁa@daﬂbﬁs}é Idigudge AR MRS FrordRGdRk rﬁn&éi@taﬁ&%ﬁlé/ to kgs a

ocedural functiogn. The query is conpi

R, SWehiaselational daiphaseserver seftwae, heve §een known in
memmefbaml THed8 phisen, tyéﬁﬁ\lyttlf’é?ls%%é% e8mmahd b8t to one or
dural functio m ze usi ng the 1nternal
o SRR ety S g & M BbGES dHen e0oRgerBIch TR
welbkiiois Siiittded Quegeangigeysalpf a grammar definition
to generate a high-level collection of object

[00B5] UCt URGSie l) c@ 2Pat AR M 05 oS B RS of Jihat

query execut| on nez
datgbase qugty injg 2 raurg ommal gis-gieriasdo seqreh foe and remammatmr |

froMMCdIVRIBS datBESR referéHad e,g Iu&cﬁbdaesrgl 5‘??’%” conj uncti on

with statenment parsing, ynam-cal |y
rf h .
roobA) ©" " A6 Sl et IR G S hS! RS 5,587.45_5, is directed to querying a
database, wherein the query contains a procedural function. The query is compiled

to generate an internal representation of this procedural function, and the execuiion
of the procedural function is optimized, using the intemal representation. -

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

[0006] Martinez-Guerra et al., U.S. Pat. No. 6,523,172 discioses a parser-
translator which uses grammar translation ruies in conjunction with statement
parsing, in order to dynamically interface with data stores.
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[ 00077 While these and other prior art database
parsers have worked well, it is desirable to provide
a dat abase command parser that includes a
hierarchical, multi- stage command | ookup feature,
mhereln alimted set of commands that are
rati nature and do not require data
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providing a first, substantially rapidly-accessible
data store containing at | east one primry function
signature definition including a primary function
nanme that is associated with an operational command
that does not require data retrieval for conpletion,
and a primary paraneter |list associated with the
primary function name and having zero or nore

SmwtﬁaﬁgqﬁvFN%Nons provi ding a second data

store ess substantially rapidly-accessible
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matching entry in the secondary parameter list associated with the same secondary
function signature definition, when a matching primary function signature definition is

not found in the first data store.

j00124] In accordance with a second aspect of the present invention, there
is provided a computerized method for providing a user-extensible scripting
language, comprising the steps of: storing a user-defined function written in the



substitution synbol indicating that the value of the
at |l east one paraneter is to be inserted as text in
pl ace of the substitution synbol; storing a function
signature identifying characteristics of the
user-defined function in the data store, the function
signature including the nane of the user-defined
function and a specification of the at |east one
parameter; recognizing a command script witten in
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execution includes providing a connand scri pt
including at | east one token and witten in a
scripting | anguage. A first, substantially
rapi dl y-accessible data store contains at |east one
primary function signature definition. This primary
function signature definition includes a primary
function nane that associated with an operationa
command that does not require data retrieval for
conpletion, as well as a primary paraneter |i st
associated with the primary function name and havi ng
zero or nore paraneter specifications. [0013]
Moreover, there is provided a second data store that
is |less
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substantially rapidly-accessible than the first data
store. This second data store contains at |east one
secondary function signature definition which, in
turn, includes a secondary function nane which is
either associated with a command that does require
_data retrieval for conpletion, and/or i$ associ ated
with a user-defined function. The secondary function
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primary function signature definition. [0015] if a
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pargRelarspesificafions. associated with the same secondary
function signature definition. If a matching entry

{001 4] Thepadser ml:trbeoga&ema Ragiedrie ﬁdrﬁt!irﬁof theBkdr B8 Ho té?:ﬁangl d
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rer R e b ARV RIEH SRt A sapinsrangusget B
potentiad funciicn reféesrwe dhas a potentialbifdtioh ®8me and zero or more
associated potential parameters. Next, the parser will search the first data store for
a matching primary funcfion signature definition oorreéponding to the potential
reference to a previously defined function. A match is deemed to occur if a primary
function signaturg definition is found which has a primary function name matching
the potential function name and each of the potential parameters has a matching
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[0016] In a preferred enbodi nent, the command scri pt
is received froma client application. Also, in a
preferred enbodi nent, an execution plan is created
whi chi ncl udes the schedul ed execution of a function
nanme determned to match the potential function
nanme. During the performance of the execution plan,
entasio ke m:g'laryjm;'anetet iist essodatedovithathe edme pimaly faatialbase
s% m&@g@ &d into a results set This results set is
ored I'n association with a result set |dent|f|er on
ion IS rOVI

a result server I|c t
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is cppedrred yaidi rgtRey AN rERSEy Pl SYntax error, is

dédnglio Wavengocuiréd.er f ace for constructing and
subm tting the conmand string for execution-in 4

response to calls nade to functions exposed by the

[oap6ll i catiharprefengt embodiment] theeofnaaad spGf iBjecdiveab fromra a
S L R e S S
wilieh inclades the ischiciuledenteduling OF 8 funciion name delermineddd arateidthe
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data retiinver fromansirigeal opigbase] s verRed intq @ resulty seteThis tpsults
& @Q%M%?&%ﬁlﬁ £l é&i@déﬂﬁﬁ&%ﬂ'ﬂ@&&lﬁéﬁverame ciient

plurality of tokens, which are deconstructed into

akﬁﬂﬁ%tt‘)ﬂt'&ié’ﬁv'd%\‘f'ﬂbﬁ'é fesyiit sgiideniiiigr, dogethes with - anidentéication of
thaReiisBivbr, hn%rcﬁémmppndaembﬂ Ra RyaeR e tenkadt S8 dhih is

g0 Eoeie0yis SeSbFTR HHafes g%bw;?%é%%gf et
function witten in the scripting | anguage is stored
{00f7]a datEhedirstdata sttresand dher sebond data stare.dn agrefemed udi ng
efﬂﬁodimenh reside on separate computers which are interconnected by a
communications nefwork. In one prefered embodiment, the client application
submitting the command script includes a spreadsheet program. In another
preferred embodiment, the client application inciudes a web browser. In yet another
preferred embodiment, the client application includes an appiication programming
interface for constructing and submitting the command string for execuficn-in
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| east one paraneter associated therewith, and a body

portion including at | east one substitution synbol

i ndicating that the value of the at |east one

paraneter is to be inserted as text in place of the

substitution synbol . A function signature,

[ chapacteristics of the user-defined
rebED 18 ipdg {5 iBGIGNS SKpRSS 4 e ekplieation mrogrammingi on
mmhgﬁature |ncludes the nane of the user-defined

function and a specification of the at |east one

[PDRATE! Glise, |irP£) referfad SHBERRGent the Rite rlé‘ﬁéet %l‘%{hﬁaﬁﬂ}s defined

SCTI %?ﬁ age 1s recogni zed as
F?}'PEF? & ng me\rl@sérrd@ﬁaed U&ﬁr-tda@aiﬂsfemm‘ldaf imedther

prfsféﬁéd é{ﬂﬁocﬁméntaihis! r%?é?éncgnﬁnsfé@& ATBbfincd &) é’?ﬁegi%sé] {jeaﬁtngg

the body portion of
ﬁ'@&'sfrl?ﬁ‘é‘? &Egﬁﬁ@f'“g@“g'éﬁ% enced in the comand
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leagt cneRARMeISF. anet er. The at | east one subst i tution
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foo22y Next. the body of the copy of the user-defined function is reinterpreted

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

pass over the aitered copy. Following this reinferpretation, the body of the copy of

the user-defined function is recognized to inciude 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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paranmeters. In addition, the at |east one paraneter

val ue associated with the recognized token includes

a first paraneter value and a second paraneter val ue.

Moreover, the first substitution synbol within the

copy is replaced with the first paranmeter val ue of

the token and the seécond substitution synbol within.
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there are shown in the drawings and wll be described
in detail, several specific enbodinents, with the
under standi ng that the present disclosure is to be
considered as an exenplification of the principles
of the present invention and is not intended to

{z% the invention to the enbodi nents il ustrated.
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basad eomninem script mendng andddth getibva Sysidis,| d6dbrdithgdo the present
inkdgb@l ity of personal conputers 130. As shown in
1'g. '1, these personal conmputer clients nay submit
8 a requests, in the formof commuand strings
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of BHeAaihtand ipaisiiat agh, commerci al application 150 -
conprises the Mcrosoft Excels spreadsheet. As is

DEWN i .t t e functional ity of r eadsheet
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applications, such as the Mcrosoft Access database

application, may alternatively be used. [0035]

Al ternatively, personal conputer 130 may include a

custom in-house software application 140, operating

in conjunction with APl 141. APl 141 may be 8

supplied, for exanple, in the formof a dynamc |ink

and load (DLL) library, a



conponent object nodel (COM object, or a
vendor - supplied source code library which. nay be
conpiled directly with custom software application
140. The APl conprises a uniform pre-defined
interface fromwhich custom software application 140
" may construct and submt conmand strings via a series
DETAL AL BESORPTHOR IQMBHE tNENBON 0 cal l ers by the API
interface. Waile plug-in 151 also references this
APl, the conplexity of the APl is shielded fromthe
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AR | Co ARGy, o Sl Ml B ARIRARRL ot
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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, operafing in conjunction with API 141: APl 141 may be
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9 171. Query processing database 171, in turn,
perforns data draws fromread-only database server
180. In a preferred enbodi nent, the secondary
functi on database server, query processing database
server and read-only database server all use a
comerci al |l y-avail abl e rel ati onal database software
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no&te@eaawwoa{éqxaﬁﬁm &Iohs%?&é%a.l%ﬁ caﬁaﬁ‘aﬁag%dg%ﬁ'

t t
dﬁf%ﬁﬁg{i&’%gts&)%?r%nﬁ%}feé\ﬁ%mﬁsﬁl etspbe pedatsoptsining
commghdstRERedeied Vd 106tk chRfectifR i 8P RSA péﬁsaeafe%n%ﬂ@rs 130

web servers é all reside-within a single conput

togpe or, mors b, servers 400. Router {Hlaisaoyiessesponses fmsweb
Sepv UMbk 13 therEproptisie pRRONERdmpitdr. RPaddRRACRRERY10 may
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alternatively, be submtted in a nore direct manner,
[0037dh as Web sfrvere 100 inelude aseftwareranpligsitign fot parsing endriien
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oﬂ% i ncl @dl n ervice service ]
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web service interface may be used.

[0038] Each web server 100 includes a command parser, which parses
incoming command strings, in conjuncfion 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 fo query processing database
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secondary function database 170, as well as query
processi ng database 171 which, in turn, accesses
read-only database server 180. Query processing
dat abase 172 10 al so includes date engine 172, which
i s accessed. by command parser 210. As shown in Figs.
1 and 2, read-only database 180 may conprise data
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oﬁé‘&é&la’%& - BesteP HOWeB ¢4 sfnglékwé&%eﬂﬁéfirrﬂir QlthaieR} be

~ which do not require any data retrieval for
usshmpl et i on. Secondary function database 170
preferably contains function definitions only for

[eng0]randsMetzioedr, whild thi setdnoisgy Bihclivadquery priocesging mad yead-

oy Aefeb s e A Fi 123 pefit s o el Sod i
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parS|ng t he equest server, exec
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le to the client, and retrieving
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cust om appl i cat or nd the r eadsheet
Al CRBAT Al 5B PP adh 2 K LRI SUeoRs by, 86 i5e

|rfphﬁn\é€ﬂlalmfoﬁﬁgm mation requested by the user into a
conmmand scrlpt conprising a sequence of function.

KR S "l Sl SEULPIOA TAROHANE s AR UALENics

SCrl 0 an overa
200. Web service 200 in tum mcludes command script parser 210. As shown in Fig.

2, the command parser also accesses local funchion 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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request. The client next conpresses that request in
step 301, to achieve a nore rapid transm ssion of
data to the web server. Next, in step 302, the
conpressed request is. subnmtted to the web service.
In a preferred enbodi nent, wherein the Internet is
used to connect the cllent conputers to the web
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retfiévdl ftﬁcblﬁ SIMVBRS nd‘é??'lﬁ.idcﬁbﬂ HaEnELAT8 BfFeraB contains
i ndi vi separ at ed imters. Int'ﬁI

funcyiom e figps w’g?owom@geﬁs e thoge Rigferiseiinyprimary
furktion siofge 280, fdauequiftd A8 tetrival for chmpistidnnan” char acter,
two vertical bar characters, and a greater t han"

ract @rg, “ﬂiégmgﬂusﬁha% V\# BSe ﬁ%}%pg%r?s lﬁvol egg%ﬁagspa the

t om del' 1 m t¥r
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an@éssdéi@d”p!ugt-sheomm&ﬁéétf& éd%éhﬁl@@ﬁe@aﬁbﬁlﬁh%trmahon
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rapid fransmission of data to the web server. Next, in step 302, the compressed
request is submitied fo the web service. in a preferred embodimeht, wherein the
internet is used fo connect the client computers to the web servers, the compressed
request is submitted in the form of one or more TCPAP packets.
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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 naned

TI CKER_LUSTO, and, on a second tier below this
potential function the string literal 1BM recognized
as ,a paranmeter, or argument to the potential
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known nafively, I ocal |y,
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confprisésd sRpuandd &f folrltasRckr): al*leagthaf” @tﬁﬁddtéroﬁm vertical bar
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command siring of Fig. 4 is shown in Fig. 5 as being constructed info an object
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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 exampie command string is broken-down
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"sub", is applied to the addition function and the
variable c¢c. The outernost function, “diva, the

di vision function, is applied to the result of the
"sub' function, together with variable d. [0046]
During this synbol resolution phase, prelimnary
error checks are performed, and further processing
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foRECASH thL SEUASPHRL0: BBE KybhGkRY b o RN B3N S, g e ©

e conman
dns'aoJPEf in@ res:ltantgoteanefdmte valoxe byt cbr @ulthienightteat sfda o€ Fig0s,

AN e S dod s bl

. ScHptRTGdeRladng themmbels with appropsiate ermespbndinig fanciian @ierences.
' d
Ascéﬂbﬁlndﬁ FRds AHE FesbRBd gﬁ%bol b ;@&a t g eﬁ%genngfpxg?n%g{‘ Fhe

functiagns t 'hat are commn

- imeEmget nged’ 81%@1 Lﬁs,mefats?e\fa}nabém;ca . CTheaercutes foction,
stitE| |ﬁfapyliéldyto tHeastidrioh h)hciibﬁ Bha thnSH?ﬁbiEtce &h& B ?ﬁt% nct
"d b%afﬁ i @P%@Ierab ew se- made to be func ona”
VR ateHgsion, o e rprult ok thecpub” fungiingy together with
valatdewd. i n the art, t_hls | ocal, relatively high speed
| ookup may be perforrred in a nunber of different

[o0XBY S F@Surifg HPLynbd Aol BGA! drks rﬂ:?evfﬂ‘nirflawgrtrérgﬂecks are
performed, and further processing of the command script may be rejected if a éyntax
error is encountered. When the operational funcfion 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 ihis fime. This is
achieved by consulting the relatively rapidly accessible local function storage 230 of

Fig. 2, in order to determine whether each function spec:ﬁed in the command string,
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‘names may be stored in a relatively small file and on
a local hard disk, or nmay be wthin |ocal random
access or read-only nmenory. Function names may be
stored sequentially, in alphabetically ordered

- tables facilitating sequential searching.
Altenatlvely the function nanes may be i ndexed for

@cému% %r?&ﬂirbﬁ?ﬁteaﬁlﬁmoﬁ & fhb%ﬁht hlé?értcﬁy REY 128y known

uctured or rapid retrieval in a binary tree,
f‘ﬁ'ﬁ@"&hced tree, or a nmulti-way tree, faC|I|tat|ng a
bi nary search or other b-tree search nethod.
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wthinthis |local function storage. 14 004
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ting e operatl onal functions in | ocal
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refiival (P4t 0 o et N vt e Pl ild Gtiafboen M R e,
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VRS, SEKR) By QIR o 38R R 50,
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the WERPRASHonYtorh e  SSLAMA Yo drbiLabdaRRatilg haRMARRe, such as

content addressable memory, may also be employed. In a preferred embodiment,
approximately 300 to 400 functions may be considered commeonly used, and stored

within this local function storage.
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(associated with commands involving data retrieval),
the paraneter list for the matched function is

| oaded and used to begi n breaki ng down the
paraneters, if any, that are associated with the

function to verify, anmong other things, that the

@{ﬁmster ave been correctly specified by the user.
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dat ab
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f
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RS DB oot Sl e st
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by another user, such as another user within the same business orgapization as the

C 15



—

currency to be specified, USD is natively known to
the parser to nean United States dollars. [0052] For
each predefined system function or user-defined
function stored wthin the secondary function
dat abase, a function signature is stored, containing
information simlar in content and format to the
custeghigselr A userrdafiped funefios consistaiohthg name r¢rnresenting the Guriction,
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ctio ] ) <
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defiped, rathgr than, user-defin %functlons, havi ng
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usee trospeaify the carcérnitaated ;ucabm for ﬁ'a!mnslétéfsﬁxtﬁéﬁgé @ftypelef i N

Q. i t.ifi.es articular third-part e

cuff 2l B Sbyctib BB harP RrBih 4 8% phieet o und Sites

doligsl ES i ndi cates annual sales, while in the second 16
function Q_EPS denotes quarterly earnings per share.

[ods® f ungol e4cH Rroldfited bierh SuncBeIY L%Et@@efﬁlg@ ﬂlnﬁlﬂn stored
unresol ved patential function nanes wthin the

Wity AeroBgRny finctipn gatabasena Mnsir sionale fasatored.ccontaining

infEReAi0 similaf MRS hisANarobARA S theAligraftiras dtniRiiors cofBihed
resolved, an error 1S

wig{ilfi Ip3R Rl sEenser 18 PTG 156 Sesongary function
da'tatsakmisagwmfsem smante:vmaiﬁww gy wdawﬂh@swébbﬁs computer
C t execut ed.. this accurs, .the comman
ot e ek 515t et e RROTRAREL Biross e iR omordive
deteithine mdiethee ar upresoleet fulittiver name dxistwittod thielsecendanelihction
g ' i.th full . d
coBEEI) Ak o BBRHERY B b Y Shongery
funchewwirtabaski games) GETFUNCEIOND uTibe CERMFURGEION(psiakte of
prdcBiie il SheP/RfSin UNEGthelre o el iR s gy o
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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- 308. In this step, the parser consults the object
hi erarchy, which now includes fully verified and
expanded function call references, and translates
theminto a series of execution chains. For exanple,

some functions may be conpletely independent,
relative to the renmai nder of the objects in the
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308 [Eis peeneelbaiedt PoreiEige st bRErSy, Whic Pow g funy
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ol o € koS s S S i

' relaﬁv&tto ﬂtﬁefemam;ﬂiecﬁbjedtaemdhe higraroiie and eart se inenediately

xS GfletihSiont NowBA il nal8E8ranlEdt or dblyRents soncieo

that depens ynon thapvalyatiar of et anatherdunttiop anequitingetbier, functions to
be %&S&H&@béﬂg‘s Rbeuibg of:tﬂ@ Pﬁﬁi&ﬁ!a? furlcish &5% %ﬁgﬁ%jlx e'g the,

execut e current no

example of Fighet &R, éi?ﬁ%Lfb‘?E'tQﬁ)efmeBm canngichsi rn gl diei resblt of
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?ﬁds xecut i.on an is created, it execut afl
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oSl 1 g sp AR B TR e kil 1 SediRd, B0 S dpmapt
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ong plcwio fyres % drssicationsi R elassifinefion densiiying thittha child
nod¥ i8k¢bé Bkkcuted before the parent element; and POST dlassification,
specifying that the elements of the child node are to be executed after the parent
node. Next, this parent/child data structure is recursively executed in the following
" 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 chiid nodes.
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enbodi nent the underlying data retrieval operations
are perforned separately from the functions, such as
financial analytics, that will operate on the
retrieved data. This permts the creation of systens
that are nore decoupled in nature, and which are,
accordingly, nore readily expandabl e to enconpass
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uter, as shown in ste i na hown in
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a
in step 313, and refurned to the clienf's computer, as shown in step 314. Finally, as

shown in step 315, the client processes the resuits in any desired manner. For
example, the client may generate graphs, charts, and/or fextual 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
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renmote fromthe web server parsing the comuand
scripts and data servers producing the results. If,
for exanple, there is a problemin data transm ssion,
the resulting data can be imediately re-requested
by the client, by again requesting the data using
the results servers identity and the results
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creation, semantic understanding, and function lookup steps. According fo the
specificafion 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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function, and concatenated with a cl ose parenthesis.
Command string sanples 710 and 720 of Fig. 7 both
reference the prestored user-defined function 700 and
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Moreover, the functions can be specified by a combinafion of mulfiple parameters to
the user-defined function. In the exampie of Fig. 7, the User_Func function aliows 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

20



considered, to, in turn, specify a unitary interna
function recogni zed by the parser during function

| ookup, such as "avgl O and' suml5. [0062] Yet anot her
feature of the present scripting | anguage, and the
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accuracy new user
exqiople, whena P@@@uiﬁwem@bw Feguiisly sure EAaccidledtally ahited on a

prior date. This a{so may be desirable in order to perform testing of a proposed new

funct_ion against historical data. in order to verify the operation and accuracy of a new
user-defined function using prior data as a test bed. Mbreover. 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 exampie, “-1aw” is employed to “move
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all ows users to adjust both start and end date
specifications by noving forwards or backwards in
time by using date nmath'. For exanple, "-law' is

enpl oyed to "nove 21 backwards | actual week'. Users
may also lag tinme series, both uniformy (i.e., all
dates nove the sane anount) or non-uniformy (i.e.,
bat&werds 4 ggiuaigvasd”.i Ugerd may alacliag fme serps, doth enformlyy Ges., 1202
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executiqn at . i. utlmat trlev

wiiSHFh 535 8B pales, S5 plfs i InfoBiaRe et e aferfi i ot
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providing a conmand script including at |east one
token and witten in a scripting |anguage; providing
a first, substantially rapidly-accessible data store
containing at |east one primary function signature
definition including a primary function nane that is

What ispdgirge®i8: wi t h an operational conmand that does not

1.
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| ealst OI_one S q;r@nata% ¥ ﬁféﬂ,ﬁs?bétﬁ?t_iéﬁy mpaiiyiéztﬁﬁdgsib Rliatal Sidte

i ncl udi ng .a_sec r unction name that is . . .
hesoci abdIAnPe BT Bod e BT OHUP B U degiiion including a
r et ri evplimanyfurcdion harhe that iscasdodatse eatin dia byerpiiohaneirenand
list as ' ' [ ti nane. and
oot g B8P htsHo Mol abl e 08 Aol b3 R

recogni panameter listesseciaiedwito thei pimanf futitiion sameead hadnge

t oken t tn?gpei Ssifatiok- reference to a
previ oug?r;/%ge |_ng%'r+%u%t%fi§}%n [ nh?%é_ scri pt Er%a '
| anguage, t H¥oYidng aspeandidate stoisihalds iepe pdstandallyigpidly-

pot ent i @bceskibiRthdrPiRe RRNBAA Rbre WPsRbnd R4S SR Ekdifthg at
paranmeters associated therewith; searching the first

dat a st 28t IGSegoRANCHNFIgN SignaRig defipiien inshidingagssendesy
def i ni t ipRtidiavirngthat B absitiated WS bicOMnaAREhaRquifdéd\@hta
the potenti funﬁtion nane ang wherein each of tcpe_
pot ent | BUGYEHRRERTBRSon, 2l 2 Seranaiey RaraBterisi sreoqated vith
pri mar ytr%maareaﬂmaey funttidn m@grho?meﬁ@gynetdﬁoﬁrhge p&m&er

ri mar uneti.on signature definition; and searchin
Itohe sezg%c'@cftﬂgnsst o?e for a matching secondary )
functi on si geatgnzngiafieast dne portiavofitye at isast oneltokgn to

functio D t .l '

and uhep QAT oLt Bebrofieb il £kl WAPLY RRCATne

mat chi n§c@ning \anghageh éhespaterriahivpctisarreieranee hayirg a potential
function name and zero or more potential parameters associated

therewith;

searching the first data storé for a matching primary functicn
signature definition having a primary function name maiching 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 siore 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 secondary parameter list
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23 associated with the sane secondary function
signature definition, when a matching primry
function signature definition is not found in the
first data store. 2- The nmethod according to Caiml

further co sing the steps of rece|V|n t
conmand 38¥F aiﬁd‘?"?"gh? ?%'1%{“ ?’W“ngaﬁ"ﬁm when

const r ughdighinyprnaR g fincesh élbr@dhr‘e@éfr\iﬁiinngnﬁ fSMAGIMb ekt
execut i gn of, a function nane determned to match the

pot ent i P2 3i¥E i on name; performng the execution
plan the performance of the execution plan including
Z tThe %Mmrdm tp elaimtlifughet somprigingtha steps of t  set ;

stari eaefhhetﬁe%mnﬁarﬁ%bt@rﬁé ChelrfhbdiBatht h a r esul t

set identifier on a result server; providing the

result set |PORTYENGAN S¥eguUtion Plareineliding aseheduisy exagtion of

resul t semrwaén hamé B@teﬁ'hih&ﬂfo zﬂﬁ@h ti%ﬁﬂdté?ﬂal flrRE6H ¥ArRg a
request for th res set. fr

i
appl i cati on TR @%‘Eﬁ"fmg@ epﬁ'rgﬁ?!"\aF‘%@cmeﬁ"ieH&"“
theI r esplah m:dlldllfgtbem:tdemld‘yasﬂrﬁsuﬁ&@rdéﬁmfo@ é§$ Hslé’(l enth ;
appicationlnr onse to the reque e t ho
accordi ng t S A"gi ﬁ{resulgsetgwaﬁgggﬁq M re§5't:%!ﬂieg§'?5°”a
store coempitisepera rel ati onal database. 4. The net hod
according t rein t
first data Opr%érﬁg&gh% % !tgeﬂ gﬁﬁ&‘%ﬁé{" éh%if%at'%gﬂgﬁ on
- separ at eea;dirspmeeﬂstheuqhemmhmd by a
-communi cat i :
any one of %@gerﬂﬁé %%%ﬁoﬁgf%ﬁ%?ﬁ%mn%g% 2;9%.[8%0&
i s submby thadresuli sevec@ndon by a client application.

6. The met hc’c%n@ﬁ'ﬁt@{g%é‘ Foshif <& nmhé R ISEE tBtﬂ% C(iil?li‘;]tgnt

application 1 nc Ssprea sheet progra
met hod &epliselemip rtéép@seutmﬂse waesti n the client

3. appl i ¢Rd indtholl REEHERS tPCIMRIE 1 B P WREFein the second data
store comprises a refational 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 to 4, wherein the command
script is submitted for execution by a client application.

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

7. The method according to Claim 5 wherein the client application includes a web
browser. ‘
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24 8. The nethod according to Caim5 wherein the
client application includes an application
‘programm ng interface for constructing and submtting
the command string for execution in response to
calls made to functions exposed by the application

8.pr odPamAtiRg acherding ipGlaing 5 wheseinherrient applisatinnreriudss gy
aptigaiidh pfég?érﬁﬁlné ift&=e deb%h@i!nﬁhhﬁ@ gnd QfAitBRSBe cbfmand
i ously defined fu tion is reference to a
SHRCIOT AP YR S PTES (R Al MAS(tA BICHQS E1psRd by e appisation
pragtdnelingdnterfadelg to any one of Claims 1 to 9, wherein
the reference to a previously defined function is a
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native to the sc anguage.
togHeyielshyief aec'bfnyct'@h@ aalrefeu:era@eni@ alprevdously, defiiestusierr t he
ddhed @dstiorone token includes a plurality of tokens,
further conprising the steps of, - deconstructing t he

| | f { t t t
i e R g SR Rl e G oA GAG edre PR
previeusiy ddfiped iclioh ix 8 rgferencs mmjpmbhsbjddéfned fnnctwndknalgs a
g X PRSI AcRSLPL N0 | anguage,  corprising e

steps 0O user-deflnedfunctlon vvrlttenln
t he Ecrlptlng Ianguage in a data store,

s o1 DBEISIRSACPRIHIBE R AReI o als dtto (@dieraip e atisast one

toRe mﬁlﬁﬂﬁa plafHyCf adiedls firhembdripristiytha slpgsf; por ti on
i ncl udj at | east one substitution synmbol indicating

t hat t 'vﬁérua@gd'ﬁe piH@liyof fokeas l%@nswaerﬁﬁ@ma@n%s i
be ins@iahgg &% dofititudrt compERer® intdh SHidee hikfatinyon

synbol ; storing a function signature identi fy| ng

it aﬁﬁ%&%ﬁﬁeﬁéﬁiﬁ%ﬁﬁiﬁﬁ SRRt el atet®
caraprising thetséepssdr - def i ned function and a speci fication

of the at | e@t%ﬁn%é’ Uﬁer«‘?ﬁf' ﬁé@ﬁﬁ&ttonr\n‘ﬁﬁgﬁ Wtﬁé gk?lg@wgﬁlgﬁ%gg in

SCTIpt witten i escrlptln
a t oken %8 slior. Hip userdefinadio lOB mgéieastemamatameter

funct i onassaigtedthatthl ai\& bBdY SEASrARCYING S IAsFaHe at ed
therew tsr.]ubsﬂtu’ﬂon 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
one parameter,
recognizing a command script written in the scripting language
to include a token containing a reference fo the user-defined function
and at least one parameter value associated therewith;
- retrieving a copy of the body portion of the user-dsfined function
referenced in the command string;
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retrieving a copy of the body portion of the
user-defined function referenced in the commuand
string; 25 replacing the at | east one substitution
synmbol within the copy with the at |east one
paraneter value of the token; reinterpreting the body
of the copy repagingthgsbleasianesuasiuiag syabe! WItBID i 9oRE with

scri pt } ﬂfﬁhdt RBSLHE a{ﬁ&ef\%@@?ﬂﬁéﬁtﬁeﬂ he lbody of t t Ee

copy o e user-defi unction i ncl ude a, token

conpri sing &% P@{RA?’E}Q&E MOHRERAPY SHNGMERY eﬁBEdeB‘iﬁf’"

pr esent usifg tHeesdviptibig Gingubgeusry - defined function in

t he dat a. st reby a.run-ti r t at

t nerefiRsprid Forui Bty Sp e dREpeh Rt ke goken
comprigingd refererede ta affumdion ahichivedts nobsresant ircthe badyefdhe user-
s abl i G Btk iRl Sl BRI o P g
defiresidunctioreis plierashis includsf an ineocation Oﬂaamntrtw thial mes moincontalned
mmﬁgh@aﬁ%ﬁnga ly dtbed usBi&MBl findidf. @ second parameter;

one substitution synbol of the
user-defined function includes a first substitution
synbol and a second substitution synbol, indicating
13 hathetrhethathaatemiirgf totClsinf 12 wher@ingl second paraneters

b I
Second substi e 05 Ruareter b B Bac R il o BEF'
speci fl fiest poranmeftert dral ased:mmarmmetep_ar anet er in the
function | SUHEHES ohBSLHARROR SHRES bl hE 8L ARARLa Aion

first and secon ar ane
par aret dcludas a@rsas@zs@fworeaymml and A secandsyhstingion sykbel,

i ncl ud e%ldﬁ:aﬁﬁg’ Rkt 8 Rf%lﬁ@i@fr th¥ ﬂlls't‘gl?oaé%‘éoﬁd ﬁﬁrﬁﬂ@%ﬁs are fo be

par anmet er val ue, rep acCl tl%@
| east oﬁ@eg%%qﬁexmup&ﬁegi/m&stﬂn@ sRqend syes wsymwﬁ

the at legsbnvafge paraneter val ue of - the token
Subet tut ohﬂé sasSfeation 7R 2158 ahy Pearieirin e fincten
par anet %I’gnkﬁ&l‘diﬁc!ﬁtﬁeﬁ A epdciisaionaot thal fief laf€ s8cnt parsmetsrad
the at least one parameter value associated with the recognized
foken includes a first parameter value and a second parameter value;
and
the step of replacing the af 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 value of the token and replacing the second
substitution symbol within the copy with the second parameter vaiue of
the token,
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substitution synbol within the copy with the second

paraneter value of the token, 26 whereby a run-tine

interpretation of the user-defined function is

altered to i'nclude an invocation of a function, at

| east a portion of. the nanme of. the invqQked functjon -
WheK Y PRSP lon SE 1P B EEFeTad HRCeNE ¢ ean

inyeationsdf arfunction) @t le2st a portion of the name of the invoked function
including the first parameter value and the second parameter value.
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