' . 1j- METHOD AND APPARTUS FOR 111E NAM NG OF DATABASE TOVPORENT I LES TO
AVO D DUPLI CATI ON OF FI LES BACKGROUND OF THE | NVENTI ON FI ELD OF THE
| N\VENt | ON: The met hod and apparatus of the predent: Invention relates to the
" 5 _ofgani zation of databases. Wmmml )\t‘P‘AﬁHUs Eﬂﬂ‘ﬁlﬁrﬁmﬂ@ @gAng at us
of whe present invention rel atCEONK G VG AATIOR ]

dat abase flies derived fromtextua source I'Tes I C or mthe aaase
and the Information contai ncBAQKGK K i HE '
retrieval and storage efficiency of text uaI files. 10 ART
BACKGROUND: A database i's a collection of Information which |Is organized

and stored In a predeterni ned panner for subsequent search and retrieval.
Typi cal ly, the datgﬁbn&é#}@mm a manner that the data Is | ndexed
according to certain pa I | 15
paraneters. Data contai @ﬁﬁ@%@@@é’@?ﬁ’f&@c ?a{tﬁhe éé;}g P{Eg'tileons
For exanpl B 3 goaﬁtgmaﬁomaseﬁsa' motéltﬁéanéauznmsombmnwaﬂwumsaomw

a

file such s or strings of words e text [err] may be retrieved

qui ckly. The gqsbsemidnvertiondelates helmamghahanm;nﬂédmmwmedt database ﬁyse 20
file or multiplicily of files for access and retrieval. Sometines th

potential for deﬂvader i9tusl spuree tles ﬂﬂ%’oﬂﬂdhﬂ yatn!wawddheﬂwetmaﬂqn e of

Sour oo | i or meAONURINd AT ecinyarase ep foromlitru obfRvel i potiY, alfcidndf o

simlarly contt%ﬁ'ﬁgwpbl cate information. One appl i cation where this occurs
s In the envi ‘of corrputer program

U -
10 d

A dalabase Is a collection of information which Is organized and |
stored in a predetermined manner for subsequent search and rettieval.
Typically, the data is otganized In siich & mannet that the data s indexed
according to certain parameters and can be telrieved according to those

15 parameters. Data conlained in databases vary accotding {o the applications.
For example, a database may contain information to Index words in a text file
- such that words or sirings ol words in the text file may be. retrieved quickly.

~ The data contained in the database may be organized in a single
20 file or mulliplicity of files for access and retrieval. Somelimes the potential for



5 dbnplhers and processes which assist in the Indexing and retrieval of
source file information In text formaccording to certain conpiler

| nformati on generated during the process of conpilation of the source file.
For exanple, software devel opers frequently need to review 10 specific E
lines or sections of a source code prografhiTn textual format that contains”
a certain variable of synbol (herelnafter referred to collectively as

now t he. val ueSIERONE of B oBuif bRl of 1he Relirg B 9 dcfos et Wom

program One whichQHe (databiaee 8ddrved. ThR8bifthé !o@ofcefiﬁl%frﬁ o ot s té

to forma database which 15 contains an I ndex of al E“ synbol s

source pr ogr dnformationdhe databasermiay gimilarly Memplcatthﬁom OnbeS vvhere
t hese synbol s appear. However, a source préaran1nay be quite | arge and span
not one but aannlﬂatl where this mr'&ﬂlbﬁﬁﬂ ronmant o) gomputeriprogram e |
((:ggiglhn:g ﬁrle&“ 'PEPC |Iat|on \Rﬁlcﬁ I BY'\:J"B[] g?ﬂ or |.nc dehsiate qﬁs

| ocated In t I used
will be incl Dﬁ'dcim P'R% a&%%ggaqugfcgf@@m@ "ﬁﬁ'@ﬂ%’?gﬁ@% rmation
cont ai ned t hedifting the pﬁ&mﬂﬁm@nlatn&m&emd to insure that the

dat abase conponent files 25 which conprise the database match the current.
version of the source files from which the database conponent file 18

derived. The user may |nadvertently nodify the textual source files from
whi ch the database is dariexamplp: seftwara davelopgrs frequentiynged tooreviewnt file.

I e ok Soefi o Yol ool Py R by ek el
Rf ?;g: ng nglr tdf' gﬁhg@?ﬁ it \Ig]‘BF ﬁﬁﬁtbaf (h%iélﬁﬁﬁér fe?eﬁ&? fééolfdch@ély%s"ébmfé‘)'ﬁ{ y-
order to determine wher_e in the program the symbol occurs and how the value of
the symbol changes throughout the execution of "'tha program. One method to
provide this capability of search and retriovalis o form a database which
18 contains an index of ali the symbols in the source program and the cotresponding
line numbers in the source flles where lhese symbols appeat. However. a source
program may be quite large and span ot one but a mumpllcny of separate files,
whereby the files are combined during the compilation process by linking or
Include statements (such as the *# include® statement in the G programming
20 language) looated In the main program. Thus, those files which are frequently W
used will be included in the database multiple times even though the information
contained thersin is the same.

There is also a need 1o insure that the database component files
25 which comprise the database maich the current version of the source files from
which the database component file is derived. The user may inadvertently -
modify the textual source files from which the database Is defived without
updating the dalabase component file. Thus, the database may provide incorrect
‘information for tie rutrisval of téxt _ fi-ﬁm the source file.
30
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one ,process or device attenpts to read or wite information to a file while
another file is attenpting to wite Information to the same file. This
fesults in corrupt data 5 being witten into the file and/or corrupt data

bei ng ;read out of the file. -4- SUMMARY OF THE INVENTION It is
t herefore an object of the present i nvéntion to provi de a neans for
mnimzing the duplication of files within a database. 5 It is

an object of the present in awultitasking @npironment, mulliple précesses ar devices imay
dat abase files and providing the nmeans.in certain instances for prOVIdéwg

t he corr espondaccegsoot altempblio mss&aa:dmuaaem Arface fop WPFM@M

t he dat abase file and source fil | ost

of

the present i nPBAPIOLPSSLON ﬂ"ﬂﬁéﬂ?%ﬁ" wﬂ'@c'm%'a!‘ﬂ% ?ﬁt'@% "!'é%f’

dat abase with [r
the present i nb@ﬁﬁ%ﬁwﬁgmnﬁ%@%ﬁ%%@ﬁtwg'ées:“r"grr"%w I'c d arise
due to rac co I In the

met hod and ppgg,gb Qm?ﬁﬁeimf@ggl"yq}rﬁﬁ}gﬂua&éﬁ?%ase gﬁggr"leent fileto
be added to the database Is given a unique nane that is dependent upon the
contents of the file such that, when the contents of the 20 source file
changes, the nane of the correspondi ng dat abase conponent file to be added
to the database al so changes. Conversely, if two database conponent files
have Identical Information contained therein, the sanme file name will be
generated and the duplication of information in the database is prevented
by providing a sinple test that checks for the existence of the nane of the
at abase 25 conponent file before the generation and addition of the file
to’t he database. |If the file nane exists In the database, the information
is already contained In the
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dat abase and the file Is not generated and added to the .database
Information. Preferably the [err] of the file |Is generated by conputing a
hash 30 value fromthe sumof the contents of the file and concatenat4 ng
the hash value to the name of the file. Becdhuse the source file name is
used In conjunction with the -5- hash value to construct the database v
conponent file name, the hash val UWMM que for all

files but only for those source fi:es having the.same nane. Therefore, the

li kel i hood of conflicts isMtigthersfore amoblack ofithe presenbloyantiandoprovide amears
heuristic methods, for .c ash, va degree of 5 :
confidence can be’ ﬁ&'ﬂﬁ&?&ﬁ‘%‘ﬂ‘ﬂ'ﬁ%qﬁw‘hﬁ%%ﬁr que. Furtherm)re,.
because the database conponent file nanes'.aré uni‘que for each source file,
the process of searching for the correct file is sinplified and there is no

need to specifg/ the |ocati fisanbbjéet ofthe presenbinvention fol provide agnearfor
directory where t he dat abase conponent file |s located, because the file

nane i s uni que f csea mmmmgrﬁhuwmmtbemmiqunsmm;for

P om e sam soUeaag e caeasuion aduch ot b GoliRd v e B8 (S5

i nformation regar%mg%,l| g‘?ﬁﬂ?ﬁ%w%ﬂ MR 8gurce file which enables

t he user to quick frequency of occurrence of the
specified text and the | ocation of the specified text In the source file.

For each textual word (referred to hereln as a an en n the
dat abase conmpg®hent file ishisanpbisgt eldhe "‘!9%&5!'0”;“’@# B‘PX‘*P

eyol L1 Or et oA AG o o 0 a5t W e U SO,

informaton is al so provided which contains the |ine nunbers of t he source
file, the length of the line, (l.e., the nunber of characters In the |line)

and correspondi ng hash val lldsambbbbl ok the pragent isventiastdotprovide a:means for t he
e of - preventing etrors which atise due to race conditions which occur in a

15 multitasking system.

_in the method and apparaius of the présent invention a database

component file o be added to the database Is given a unique name that is
dependent upon the eontentc of the file such that, wheri the contents of the

20  source file changes, the name of the correspondlno database component file to
be added to the databaea also changes. conversely. if two database eomponem -
fles have identical Information contained therein, the same file name wilbe -
generated and the duplication of Information In the database is prevented by
providing a simple test that checks for the oxlstanee of the name of the daitabase

25 component file before the generation and addition of the file fo the database |
the file name ‘oxists in the database, the information I8 sifready contained in the |
database and the file Is not generated and added 1o the database informtion.

Preferably the"hdlie of the file is oonorated by computing a hash

30 value from the sum of the contents of the file and concatenating the hash value to
the name of the file. Bacause the source file name Is used in conjunction with the

gl ey
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text in the source file. Before a Ins of text ldentified In a query is

di spl ayed,, the line Identification Information provides the neans to verify
that the line of text 25 identified in the synbol .Information Is the sane
line of text as the one now contained-Is,4he source file. The hash val ue
and fine length corresponding to the fine of text (referenced In the

dat abase) -is conpared to a hash value and Iine |length conputed for the text

Iret ri ﬁvgd f r om hash \a:]}!&&m:wuﬂdbloﬂma&aseromne nametherhash value:dops | ne
t t \ ; ;

e Fdent i1 ccdiames a9 BE waREa 157 ik ied Bt oo or' iBEW dhuiicn nBR BuiinG e afime.°

reference becaysdngd h?hgﬂﬂg@ﬂk& :Ilmhpgg o&?&ﬁﬂl&?ﬁ‘ﬁﬂﬁmﬁ‘:‘ O Ydiditioh, ﬁl?o%flgﬁ

generation of the database. chanism s al so provided

prevents the ergelgction ofhiuiisticrmethodé for computing thi hashvalue; @ high degree of
mul ti-tasking systemby using tenmporary file nanmes and file directories In
conj unct i on Sni teenfidense-canhemaintained thatithe-filgmames-ars tnique. Fyrthermoraics t he

O Lo el SRR ol R P v il 0P ol boliE TS
a b pak.dl agr arprecesd ot BRFGRINY fér eBUreR R eifiisified And Bbre YRS Rbed T/ ont | on.

FIGURE,2 is ill'ustrative t abase conponent fi generated according to
the present | nvspucipthe lbcaticnsidkidatabase tomporeriiles, le.g: thedirecloryowhere thel e,

oo iabasa cormponoft e 1 loosed, Bocass The e hars 4 irlade B3 °" " °
: 10 particular file contents and a query or search pmgrém can safely assume that
~ any ﬂlé with the same hame was generated from the same source file.
_ Each database component file contains information regarding the
. text contained in one source file which enables the user to quickly determine the
15 frequency of occurrence of the specified fext and the location of the specified text
in the source file. For each textual word (referred to hersin as a “symbol”), an
entry in the database compohent file is provided containing symbol information.
The symbo! information comprises the symbo! name, symbol type and fine
number In the source file where the symbol is located. Line identification
20 information is also provided which contains the line numbers of the source file,
- the length of the line, (i.e., the number of characters in the fine) and
corresponding hash values which are computed from the contents of the line of
* text In the source file. Before a line of text identified in a query is dispiayed, the
line Identification information provides the means to vetily that the fine of text
25  identified in the symbol information I8 the same line of text as the one now
contained in the source file. The hash value and line length corresponding to the
line of text (referenced In the database) is compared to a hash value and line
length computed for the text retrieved fro!n the current source file. if the computed
~ hash value and line length does noi miaich the hash value and line length
30 contained in the fine identification information, the text does not maich the



present @wnvention and the contents of the database file. 15

FI GURES 4a, 4b and 4c Illustrate the structure of a preferred enbodinent of
the present invention. FIGURES 5a and 5b are flow charts of the process .of
the preferred enbodi nent of the present %n.yenti on. 20 FIGURE 6 IIIustrat@S
“a synmbolic |ink which connects a common'dat abase conponent file to one or

nore directories In the system FIGURE 7 illustrates the I nplenentation of
the spit funcmwﬁ% J‘gbﬁﬁetﬂi@sbwbhapmochwmwmol arge
dat abase conp es. FIGURE 8 is illustrative of a user Interface to
the system of thb%ﬂehbmntonha/databm 30 . FIGURE 9 Illustrates
race conditions ich can occur in a multitasking environment. FI GURE 10
is aflowchart ill ust ratl ng the process for creating a database conponent
file. 5 %&i# bmﬂdmnmhprgehmhpmwas for

i ssuing a query and bui |Ie according to a preferred

enbodi nent I\%t a\"ﬁ%"%@% . ﬂéﬂ%hﬂmons oceur-in EEmoliasking systemhy vsieg: T

| NVENTI ON mencl ature The detail e SC t | | ow
are presented {ei\ﬁp]ﬁhw file\names and file directories in con fundion th alHhid dNﬂ‘hﬁMs‘)
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5 ternms of algorithnms and synbolic representations of operations on data
bits within a conputer nenory. These al gorithm c descriptions and
répresentations are the neans used by those skilled in the data processing
arts tigi nost effectively convey the substance of their work to others
skilled in tihe art. 10 An algorithmls here and general |y,
conceived to be a self- ESCE 0 fOF THE AWINQ8t 0 a desired

result. These steps are th r ri ngphy5| cal mani Itlons of physi cal
q]thanltititejs. IU_sual ly, thougﬁf‘ GP%&%MWPFI QdeEUQFEjngtW?%GMH}Q@"UWEWmorm
of electrical or transferred,
conbi ned, conpar e?%ﬁt@ &@@@Wﬂ%l@é@oﬁtm%és conveni ent at
times, principally for reasons of common usage, to refer to these signals
as bits, values, elenments, synbols, characters, ternms, nunbers, or the

like. It should be borne | FIGURE,1 iscablock diagram oban exémplary computes employsd
terns are to be. s oci at ed th the appropriate physical quantities and are
merel y conveni ent'® %Ef%se WVFMPWO these quantities. 20 Further, the

mani pul ati ons perforrred are often referredto In terns, such as adding or
conparing, which are commonly associated with nental operations perforned

by a human operator. No suFIGUREDIs lllgstrative of databaseocumponent files gonerdated
or desirable In nost cases, In any of the operations 25 described herein

whi ch form part diccordingtatherpreseptdaventian. ¢ he operations are machine
oper ati ons. ful machines for performng the operations of the present
I nvention I nclhude general purpose digital conputers or other simlar

devjces. In all cases ther piREBBd)B AR B! Mustialé! a S6ured Md, Thb idafatiaRbVeen

t he nethod of operations In operating a conputer and the nethod of
conput ati on it seldomprinentiie genetated theretmm amrdim mepfafmemdlmwbafﬁer

operating a Cormu[}rgsren Invention Sa?u'i he conlants of the database file.

16 FIGURES 4a, 4b and 4c iliustrate the structure of a preferred
embodiment of the present invention.

FIGURES 5a and 5b are flow charts of the process of the
preferred embodimant of the prasent invention.
20 .
FIGURE 6 lliustrates a symbolic fink which connects a common
database component file to one o more directories in the system.

, FIGURE 7 lllustrates the Implementation of the spiit function to
25 Increase the speed of performing queries on large database component files.

FIGURE 8 Is lilustrative of a user intetface to the system of the
present invention.

30 FIGURE 9 illustrates race conditions which can occur in a
multitasking environment.



electricdl or other (e.g., mechanical, chenical) physical signals to
gener.at e ot her desired physical signals. The present Invention also relates
to apparatus for performng these 5 operations. This apparatus my be
specially constructed for the required purposes or it nmay conprise a ol
general purpose conputer as selectively aetgvated or reconfigured by a ¢
conputer programstored In the conputer. The algorithns presented herein
are not Inherently related to a particular conputer or other apparatus, In
particul ar, various general purpose nmachines may ‘be used with 10 prograns
witten In accordance WFGURE10 is:8 fioweharidiiustrating the process fencreating 8
convenient to construct nore eci al.i zed apparatus to performthe required
met hod st eps. qﬂé"%’?‘@@%?‘&cture for a variety of these machines wll
appear fromthe description given below 15 General System Configuration
Fig. 1 shows a typical conputer-based system for databases according to the
present ingention: ShowpiGURE1 fs & flowehart Hlusttating theqitocessplor issuingha ce

maj or conponents. The first of these is the Input/output (110) 20 <circuit
102 whi ch |I's uguaty andbulidingiandndex ﬂﬂcﬂMMﬂhPWﬂ“b@@ﬂ!ﬂﬁPﬁﬁl%r ed
formto and fromthe other parts of the conputer 101. Al so shown as a part
of conputer 1(ﬂ'°F§“‘t'm§°@{Q¥tT-al processing unit (CPU) 103 and nenory 104.
These latter two elenents are those typically found In nost general purpose-
conputers and al nost all special purpose conputers. In fact, the several
elements 25 contained within conputer 101 are Intended to be
representative of this broad category of data processors. Particular

‘exanmpl es of suitable data processors to fill the role of computer 101

| ncl ude machi nes manufactured by Sun M crosystens, Inc., Muntain View,
Califonia. Oher conmputers having |ike capabilities may of course be
~adapted In a straight forward manner to perform the. 30 functions described
bel ow. ' ' '
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Also shown in Fig. 1 is an input device 105, shown in typical enbodi ment as
a keyboard. It should be understood, however, that the input device may
Yactuakly be a card reader, magnetic or paper tape reader, or other

wel lywknown | nput device (including, of courge,. another conputer). A nmass 5
menory device 106 |Is coupled to the /O circuit 102 and provi des additiona
storage capability for the conputer 101. The mass nenory may | ncl ude ot her
prograns and the |ike and nEETANLES ESCR) ' pypaper tape
reader or other well known deV|ce It mnll be appreC|ateo at the data
retained within mass menory 106, nay In appropriate cases, be Incorporated
in standard 10 as3kiG .n. DU € 01 as part of nmenory 104. In
addition, a displray ol fPfustrated which I's used to dlsplay

nessages or ot her Commn'ﬂﬁtdﬂﬂﬁedabdchﬁﬁbifseﬁhicﬁ dotibwrafy ABsditad Mbb' o

take the formof any of several well-khown varieties of

cursor contr® teymsiof MMUBMMMWGMWOWMME ontfatd Bits' WitHiR! 2.
such as, for exagg the'ﬁaraqﬁﬁg uery the database, and provides a
more conveni ent &FRTRUGrMe c|deserintions gpétmsmw!mssare the

ormodi pentof y Means used by f nvemmﬁ%ﬂéiﬁqﬁwﬁﬁiﬁc@i Shoa.s

source code fi Iemw?tmmtﬁimﬂﬁﬂﬂw&mﬂ?mhm%kﬂle&gi ed}gra“ ng the
dat abase files, referred to as the "collector’ escribed as a part of a

conpi l er which conpiles the source code Into obJect code files. It wll be
evident to e skiled ingh rese Inventlon may be
@pplied to types of t@"fﬁ?@i‘;' ?\°§°' W’?ﬂ'g' d ke agellyr am
source files. Fedrishtémes ueﬁéw%@édsﬂlabahgiﬁa 8 F&%ub?hsgé*gigpgiﬁmoﬁa

el ements that performother functions conpll

descri bed, or tlequlrinbl physical manipulations of physieal iquantiiesd Usually, AR6ugts Aot
Referring to Fi 2, qh%e dat abase employed to illustrate the present
I nvention is s tBﬁ?Qaﬁ%@”E%ﬁﬂM e Jorm of eleclrica)ros mmﬂas‘gm&rponent

capabla of being stored, transferred, combined, compared, and otherwise
15  manipulated. It proves convenient at times, ptincipally fot reasons of common
usage, to refer to theée signals as bits, values, elements, symbols, characters,
terms, numbers, or the like. it should be borne in mind, however, that all of these
and similar terms are to be associated with the appropriate physical quantities
~and are merely convenient labels applied to these quantities.
20

Further, the manipulations periormed are ofien referred to in terms,
such as adding or comparing, which are commonly associated with mental
operations periormed by a human operator. No such capabiliity of a human

. opbtator is necessary, or desirable In most cases, in any of the operations
25 described herein which form part of the present invention; the operations ate
machlne'opo(ations. Useful machines for performing the operations of the present
invention include general purpose digital computers or other similar devices. In
all cases there should be borne in mind the distinction between the method of
- operations in operating a computer and the method of computatioff HbHf. The
30 present invention relates fo method steps for operating a computer in processing



12 frIe (referred to In Fig. 2 as having the suflix "bd" which represents
the ter.m browser data" ) and an Index file which Is used to | ocate

I nformation in the database conponent files. Each database conponent file

- contalns the synbol information and |ine: |dent*§|cat|on | nformation to. /-~
~ provide the capability of 5 browsing or searching one source file In =
i response to, a query. 1Tmaeﬁgﬁxﬂs In the source text file may conprise every

L word In the textelsclrleabor e(ngtmaohmcahchnluabepmbﬂbsigweucbngmmmm
- synbol type. base, c ent file Is created for each source file and
 1s stored In the Qiﬁ‘éﬂ'ﬁ?ﬁwlﬁr isf'r le directory. This Is illustrated in
Fig. 2. Sub- 10 directory Source 1 contains source files a.c and b.c. A
sub-directory .sb Is created which contains database files ac.'.bd and

| b.c..bd and index file | ndhelpresarit ibienticn alsp nmwblaﬁpmafwwddnmgttbese
. of di rectory Source 2, contdins database files e.c. d and i.c'.bd and

I I'ndex: file irilexopehations Tis mpm WWW@W@ {o dhe required: aj ned
i In di t S 2. | n_det 15 bel t

-t abase {1 1o nabpeet Bl iR SRS B0 @nsr?or%m}asasw&rt%ﬁmd
cofil t ﬁﬂ!ﬂ?a‘ fd&nfql Wog

tlheesrr)lﬁrrge 19i F(rao él%%o upfﬁer rlustrated ﬁlﬁgﬁg% e o?ﬂg @ ga_and

3b. Fig. 3a 20 prysentadchdreintaré nbtalnhbrcdlly irslated-toraparticulancomputer ogother
witten In the C | anguage conpris rrnter statenent and an "incl ude"

3t atgrrent whi ch apparaius: dﬂ@gf f-fﬁfl!mssﬁeﬁﬁ purpase meachines may be, usedwith
o 2basC oSonh 2" ieguaa simoh h BhiSeded e W?&ﬁ@%@@aﬁ{b °?@§Bﬁ?8?‘“§r'83$"am

generates he dat&f\‘ﬁﬁ\f Eﬁns; appards o) r'the réluipect t he
dat abase conpongn es+ rBQs'I('*ﬂd vvhr ch I's the dat abase co'arrgonent
file represent at method steps: The rexliires structube brfavmelpdthawlmdﬂnes will appear

" from the descrlpﬂon given below..
15 ngngm_snm_cmtmnmm

Flg 1 shows a typical computer-based system for databases
according to the prése_nt invention. Shom;.ghpra is & computer 101 which
comprises thres major components. The first of these Is the Inpuioutput (VO)

20 ciroult 102 which Is used to communicate infotmation in appropriately structured
form to and from the other parts of the computst 101. Aléo shown s a part of
'eompuler 101 is the central processing unn (cPU) 103 and memoty 104. These
latter two elements are those typically found in most genaral purpose computers
and aimost all apedal putpose eomputers. in fact, the several elements

26  contained-within computer 104 are intended to be tepresentative of this broad
category of data processors. Par_llwiaf-gx__ampl_es_; of suitable data processors to
fil the role of computer 101 include machines manutactured by Sun |
Microsystems. inc., Mountain View,: caruom- ‘Other computers having llké
it capabilities may of course be adapled ina straighﬂomatd mannet to petfan.. the
30 functions described below.



-13- which i s the database conponent file representative of the source file
"l 0oo.c", and the database conponent file stdio.h. O/PdGCs. bd for the source
file Astdio.h", which was Incorporated Into the programloo.c through the

I hcl ude statement. 5 Each dat abase conponent file nane includes
a hash val ue which, when conmbined with the fijhe_name of the source file

results in a unique file name. The hash value |s conputed as a function of
the contents of the sourccAlfo shown in Eiga 1ils anriepul slevieat 1050 shows Irstyplcak fil e

at abase 11T naRmoPAine B85 Keypoata, I 8hfef e Liosrslaodcherteverrihel I8 inBabase
| 00. c. |l uoY g@h&%é,ﬂ@a ' rd6ad6P | % ' 'EEE%%’

2?5}90. E?C)(;/Pdl&?.g are the as’ﬁt%da?%gs gener’gt' gﬁ?ﬁﬁé&oljrp a (?r'l?lrt%m?'ﬁe

dat abase file naweli-kndwa inpilalevice (Includinig; of course, anttheY conré Aenags ! i ses

synbol 15 identification Information and line Identification |Infornation.

The symbol i nf or memasy deviesi196ds coupled Jorthe VO cirpuit 102 and iprovides additigneho|
S . ek Bl R i o,y )1
118 Tength or  PiogPms 8 Wi/ Watarkfind} taks thd Rimt X' iagnelizor paodr\ind fblicef

conput ed from t hor othet well known deeice. tawill betapprecieted that lite datenrefairiedowithin €S
In the line); thus, if the contents of the Iine are nodified or the line is

noved because of Mags memery:1i06nmay. inanproptiate casas, be inastparated in standand | |
correspondi ngly | strgtion of the contents of a
dat.abase co neﬁ?ﬂ‘?ﬁﬁ@@wﬁ% 1&1@5%@#% 19 *isillustrated In Fig.

3Cc. The "synbol table section” 400 contains the nane of the synbols and the

| ocation of the symbol In the "semantic table setion" 410. The senmantic
tabl e section 410 cont ai nén addition adispiay enanitot: $7 s lllusirated which is used to

display messages or other communications to the user. Such a display monitor
may take the form of any of several well-known varieties of CRT displays. A

15  cursor control 108 is used to select command modes and edit the input data,
such as, for example, the parameter to query the database, and provides a more
convenient means to Input information info the system.

._ 20 The following description of a preferred embodiment of the present
-/ | Invention will describe the source files as source code files of computer
' programs. The means for generating the databass files, teferred to as the
“collector”, is described as a part of a compller which compiles the source code
 info object code files. I will be evident 1o one skilied in the art that the present
25 Invention may be applied to &l types of text iles and Is not fimited io computer
program source files. Furthermore, the collector function may be combined with
elements that perform other functions, such as the complier herein described, or
the collector may operate as an independent means.

30 Referring to Fig. 2, the database employed to Hlustrate the present
invention is shown. The dalabase comprises at least one database component



of each synbol, identifying the synbol nane, the lines nunber In the source
file 30 where the synbol is |ocated and the type of the synbol. The line

I dentification -14- section 420, contains the line nunber, |ength and
hash value triples which correspond to the lines of text in the source -
file. The Index file provides the neans for iquerying or searching the 5 M.
dat abase -conponent files for the occurrence of synbols which are the '

R EA Ry g chotpsg oy g ooyl R g
S US ] 1T 11 es

the synb')cl)ls |g'bé%ﬂﬁiﬂﬂ'slﬂﬂﬂﬁa”I'"“r'}‘?*‘aswggﬂt"t‘?qgg"m@@'ﬂm‘ or nore
text files. T 1 i o
bl i cat on,  1oRbeesborhpdreht B, EackUatdtiise ORI fle 3Hfbine' e svmiml, <

of text repredaformatiorand iine idsnuficationdnfomatiomtdmevide’the capaBiliy® articl e.
Seprate text files may be created for the different sections of the :

docunent, $Suctbrawsingeorsearching one savrce fileriit responsa do a quety.i Fhe spinpolsis theas
'l the baody of the d t, . lhe s S t th

sour ey cormirLtet e . Slren it HOHY ire Tof i SEaar b HE arwn:

conpi | ati on angemife@Hccerdiny tol the syl fpeor the source may be spread anong

a plurality of files V\/nereln-ones?le contains the code of -the nmai n program

and ot her files contai nAtdalabasercompanest filels craated loyeach satitcetfile apd is

el o <t at o RSB i Rner R i ot ine yRialgb i edE £ b,

G progranmifig difeeftiy Gdurcty Qitiding isbﬁ‘rcﬁ(e}lﬁdagif.ﬂidiﬂ B.edA hﬁb—%ﬁ)ﬁ.@?ﬁ%g filen)

information to be I'ncorporated Into th abase conpone
| s gener at ed. dreated whiciPEontgins databasg fliés-a.02tbdamtbb.ocdtgband indeix|fite Inddexhi que \(J/
name i s gener il e to be created. The nane

of the dat aba%‘ﬁg@%?éprgb gﬂh&‘b i .BC_. - 'g&%r'.l.yt of directoty gowcez. contalns
database files e.c.’.bd and f.c.*.bd and index file Index2 which corresponds to
- source files o.c and te contained in directory _sﬁurng; As _e__xpiamed in detail
15 below, the *** in the databass file name represents & hash valus which Is -
Incorporated Into the file name 1o provide & unique fle name to correspond lo the
conlenis of the source file..

. This is further iflustrated by the example of Figs. 3a and 3b. Fig. 3a

20 shows a fext file which Is slmple'om'npuler program wiitten In the C language |
comptising a *printr” statement and an “Inchude” stetement which incotporates the
file "sidio.h" into the program.. The database generation means, refetred 1o as the
*collector* and in the present example a part of the compilet which complies the
computer program, generates the database files shown in Fig. 3b. Shown in Fig.

“25" 3b are the database component files 00.2rBQsT.bd, which I8 the database
component file tebresematlvo of the linked oxeCutébl_e file foo.c.luoYuw.bd,



I's derived fromthe nane of the text file and a hash val ue. The hash val ue
I s conputed as a function of the contents of the |i such that if the
contents of the text file change the hash code changes thereby

di stiggui shing between the 30 database compopgnt fites for different
versions of the same text file. -15- In sone |Instances, the same text

files may freque% he i ngorgorated into a nultiplicity of different
sources. For exa h Igthe,database component i wpresepiativenol the saurce file "fone?,

ot 111 es cont o gt BabBed dcBori o T 67O B8 B8 e W e
program To ol | At yalnifsti o g s 8, ARy SRR ora© | "

t he dat abase conponent file |Is generated and conpared to a |ist of
currently existing database conponent files. |If the nane of the database

corrpgnent fil (r;sexi sts, theEagh riepmnogemo!!amggwadudwadmhaaye:wmd,
70 | Sts, . e B
o i nat g dupti cRpEh peHPiEY IRRe bl dari Bt 68, S50 e besullf 78 Llie e dimer,
~store the dat abasphé RaEIPVEIG I¢ cdnputéd ﬁé&%nﬂlﬁh%f'lﬁéﬁtﬂiﬁlﬂ%ﬂﬁ%ysﬁc&é@gf;ﬁ: gd

by any one of many ways which 15 " derive the hash values fromt
of the database cwhewmsireifithe ¢onfentsol thexsoustce filetchanges; the hastecodecchanges.o For

t he dat abase conponent, fil e .na an be.co ted acoording to the sum of .
all the bytes cgﬁ?mﬂm#ﬁmgf : T'E’r'@?%? _%Eﬂ'ﬂﬁiqpqgfm-bds the siring of
copponent 11 10 ° EMOYuE In 6 uRYaBRAS Rimb Jofe AT LA Bitd sl Bifa TPICRS

dat abase conponerdatabase 16 nafie $idio.OWPHO8.bdwrethe Rash valuds geridistedland val ue

woul d be generated as foll ows: a separate hash value is conmputed for each
of the sections |incomporated inta:the databasedile names. _

The database component file symbol reference comprises symbol

15 (dentification information and line identification information. The symbol

information consists of a symbol triple containing the symbol name, fine number in

the source file where the symbol Is located, and the symbol type. The line

identification information comprises a fist of triples, eacti iriple identifying relative

‘fine numbers within the source file, length of the line and hash value of the line.
20 The hash vaiue is computed from the contents of the line of text (e.g. the sum of

- "~ the bytes in the nné); thus, i the 'eontenls of the line are modified or the fine is
moved because of the insettion or deletion of text, the hash value will
" correspondingly change.

25 An illustration of the contents of a database component file for the
program of Fig. 3a I8 illustrated in Fig. 3c. The “symbol table section® 400
contains the name of the symbols and the location of the symbol in the “semantic
table section® 410. The semantic table section 410 contains a riple for sach use
of each symbol; identitying the symbol name, the line number In the source file

30 where the symbol Is located and the type of the symbol. The fine identification



Incq’rpor'ét ed Into the file nane is the sumof the hash values for each of
the 25 sections in the file. To generate the hash val ues for each of the
sections In the file, certain information is selected fromthe section and
sumed t ogether. For exanple, the magic n er (the first 2 or 4 bytes In"a
UNI X[err]file), source type ID, 30 nmmjor d mnor version nunbers of thgs

file (e.g

version 2,1), line Indicator, case indicator (the case |ndicator

is set if the seetion d20,0tontaing theslnesnumbers lengtti and hah valde triples Whickach
character in the Iangrla e nane stri nq are sumred to conpute a hash val ue
t

for the secti &QmM

he ines,ef text inithe sawee Mle. naie section I's generated

fromthe ASCII val ue of each character fromthe file name and the relative
field, If the relative field is st to a value of one (the relative field

| ndi cates whet her the Srhd i ﬁxmﬂﬁgggﬁiﬁfﬁg%&i@méyﬁw,?@% bsol ut e

path). The hash value for the

he sum

of each haSh dalabasécomponbnt fiésforthe dedurienceof syinbolé Which arel the subjechoh
character fromthe nanme.of each referenced file. The hash value for the

synbol tabl e dagauen. iiathe presentaxampie, thesindsx filg cantalns a liskpf @l symbols f.ro’rﬁ

onber and.s o R B8 YAE Romb B e Babial coBnd R ApCREHIE Bumbuin it on . .

sunmed t oget hepnfafhetEMEr 2t € the hash value. In addition, the line length
and hash val ue (determ ned according to the sumof the bytes for the line)
for each line In the line ID section are sunmmed and a val ue -of one is added

for each Line that has A_ts i nactive indicator flag sef (the .ipactive
| ndi cat or s used 15 f '

| ncor por at 1 ng e hpA P TP SpACRRAC b bl o W anclilf, ok 10T

val ue] . bd".

15

- 30

SOWH COmPriSes 0% OF mope lext lies,; Theagde PRYOE for

| examply, afsdutcmbyg consisti of textdepreséntatiid 6la ddvUmém euch as a

book or a magazine arlicle. Separaie text files may be created for the different
" sections of the document, such as the title, introduction, abstract, bibiography,

~ as well as the body of the document. if the source isa computet program, the
source may comprise a singla file containing all the codes for subsequent
compilation and execution of the pfogram of the source may be spread among a
plurality of files wherein one file contains the code of the main program and othet
files contain the. source code for-wb'proo'ra'_ms” which are referenced in the main
program In the form of sub-routine calls of inchude statements, such as the “#

" inciude® statement ullized in the C-programming language. w,

As each file containing code Is complied, the information to be
incorporated Into the database component file (*.bd file*) Is genetated. Prior to
' gonerating the database component file, & unique name is generated for the
database component file 1o be creaied. -The name of the database component file
Is derived from the name of the text file and a hash valus. The hash value Is
computed as a funclion of the contehts of the file such that H the contents of the
_téxt _ﬁlé changéérttn hash eode changes thereby distingulshing between the
database component files for differant versions of the same text fie. |



20 " suffix ".bd" |Is used to consistently identify those files which are

dat abase conponent files. To save nenory space, sinplity the file nane
+generation process and to sinplify the query or browse process, Nis
preferred that the name of the 25 directory In which the database
conponent file resides |Is not Incorporated {sitoo the file nane.. This is
possi bl e because each dat abase conponent file nanme |Is unique and relates to

a spcific text file of i sumeinstances, thesarhe text filds mayiraquently bear ch program
sinmply searches file directories In the file systemuntil the unique
dat abase conjeeniporated @lmammwmowﬂ¢regbwm3/&- JFariaxampla, withrespachio ; s

commonent. f1 1CABULER FBoteE sAUiSE the Hame seft MbEEomaTD deiapaine i, 2. n0°5°
listing of a'krﬁbﬁaséwbﬁ%rd m%%:,‘%%’g‘%%ﬂggﬁm“ conthiing?’ €

| ocated. The query programw abase conponent files

on: Iy in trﬁﬁsdhldioodehbbthmaihimgrdm. Fiocslienindte the dyplicationstithe sawme gatabaser ogr am
i t t Ki dj t . Ex [ f h
beyond the wamRaneat filedn such ingtances, prionfo gensraing & databsse componant e,

i 7ed by, ! ; . ; Fi
Cyetom o sod ey GXi¢ Hatalafld nfisneRt e géherkled st BfiARIIAD ditst e, || ©
file I's generqirmtly oxisting database compsonehtiles.! i thelnamd ot thecdatubasent file. The

index file 10 contains the synbols (e.g. text) by which a qug;é may be
per f or med anccampanent file axiss,dhe datab hehtegenerated anddvpligatedcn synbol

dat abase Yor Bheaikn b6 Sxind Hatelbash WoqrEba b iok re Souee ey, SLoRBNE .0 ..
COWpone”thdtllh&;liSdﬁ%%q%i e, photessordvertigadsarid emery weRt diote thext files

of the source, is located in. The databasé conponent files
cont ai ni g t hedatabase component file is saved. - :

The hash value may be generated by any one of many ways which
15 derive the hash values from the contents of the database component file. For
example, the hash valiue used to form the database component file name can be
computed according {o the sum of all the bytes contained in the file. | |

i’teferably. the hash value is & sum of various key pieces of
20 information to be contained in the database component file. For example, if the
. " information to be contained in the database component file is the Information
ghown in Fig. 3c, the hash value would be generated as follows: & separate
hash value Is computed for each of the sections in the file and the hash value
. |noorporated into the file name is the sum of the hash values for each of the
25  sections In the file. S |

To generate the hash values for each of the sections in the file,
" certain information Is selected from the section and summed together. For
example, the maglc numidet (the first 2 or 4 bytes in a UNIX® file), source type ID,
30 major and minor version numbers of the file (e.g. version 2,1), line indicator, case
indicator {the case indicator is set if the case of characters is not significant) and

. o~



symjol ate reviewed to retrieve t he synbol
whi ch Indicates the |l ocation of the synbol in the source text files. The

results of the query are then returned to the user. The information

returned may

l'isting of source text files and |ine nunbers where the synbol

be In a variety 20 of formats 1gad uding In the formof  a

the lines of text fromthe file In which the synbol Is |ocated or a

plurality of |mbdaamtqrﬂmaulamuage|mmsmwm sumated 1o compuierayhaste | i ne | n
Co h
or e w@a@c e by for 4 BRI e Seshon e geireien |

whi ch the synbo

exanple from

f:\?lr g\f/}\gg Igrdg@gﬁﬂﬁne Had‘g'l[égggse coé{)onem'épl I eméﬁﬁé a:‘ﬁ?l L'ﬁgﬂeu

cont ai ned I n.

.bd, that database conponent file Is reviewed to retrleve t nbol
| nfor mat i o 3@'9 was brmbﬂvmgammnbwmm &bﬁr&

wel | as the |i

i ne of text

conmponent files
the effect of ASE

thé rélativel m:ms $6t e avaiiecu! dnedtheirelative fibid! lndléatﬁ@ wﬂétﬂdi fise C.

el e Y5 ¢SRS 1R TRARRE o ohanac B o G 0N 1 15 e

gener at ed accqatsla gection 6ré suftmedtugetiies

of lines of text fromthe source text. file, a _hash value is conpute

accordi ng to tine length and Mahuluemqwmdmmmwmph&qumm;h and

comput ed hash gkg) {6 ettt nie i 1h6 'the T $e@N b SUmhfod &t a value of one Is added

15

for each line that has its inaclive indicator flag set (the inactive indicator is used

" for debugging tools) to generate the hash value for !ha ine 1D section of the N

" database oomponant file.

Thus. the file name incorporating the hash value would be: '[sodrce

code file name) . {hash value} . bd", it s preferred for easiet identification that the
 suffix “.bd" is used to consistently identily those files which are database
‘component files. o

To save memoty space, 'slmﬁl.l'!_l!'ﬂ file nén__lq gene_fa_thn process
and {o simplify the query or browse process, it is preferred that the h_am_a of the
directory in which the database component file resides is not Incorporated into
the file name. This Is possible betause each database component file name Is

 unique and relates io & specific text file of the source. Therefore, the quety ot

search program simply searches file directories in the file system untll the unique

~ database component file name-which corrésponds o the text file name Is found.

30

To minimize the number of file directories to search fot database component files,

1t is preferred that a means is provided which containg  listing of all directories In

i nformati on ¢ontai ned therein

I's located

the ype as

{5 the. dat abacHerercsd ot el i gy oétege@%as@wwmpfa? "
ol dHcelt R afe! HRPASCA YROE T BioH Sharkil RYAEYS Yarid 1 ¢
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i ne I'ength and hash val ue stored In the database conmponent file. If the
val ues are equal, the proper |Ine of text,has been found and is provided to
the user as a 15 result of the query. If one or both values do not match,
then,the source file has been changed subsedql®ent to the generation of the
dat abase fle. An error nessage may then be generated telling the user that
the database file needs to be updated. Alternatively, | the line of text
has been noved which ditdtiase @ompohéntdilésareliocated)r The gaery grogram will they sedrch |

be found by conparjng the line | ength and hash 20  val ue stored In the
dat abase file F@'I‘h@aﬁﬁﬁg{“ﬂ?“ﬂﬂcﬂ in thase,ditectora . oPrefarably, by nes

fromthe source L] | : LAyl a nore
accurate natch,déﬁgk'ltli‘géﬁ F%%%a%%%&@ﬁ%’%”&@geﬁéﬂﬁe | nes of
text above and Egpankidnel d S6aréh bbydfid the wikihg dirbGoRls Méh mAlBafsdEsy 40 t he
line | engths.and hash val ues, representative of three sequential “lines of
text, stored | nspeciiciile racagnized by theobrowser foi provide imist of thetdireciories btthet file
and hash codes of thipse ence of three lines of text match a sequence of
line lengths artVSREMP 88A%Rs stored in the database conponent file, a match
Is found and the l'ine(s) of text Is returned to the user as a result of the

query. 30 . A preferred enbodi nent of the present Invention is

described with referenceOnce Hiedatatisse eompunentifie(s] lecrpatedcan indexditd Ison i s
preferably di%ided Into - wo tasks or structures (herein referred to

9-
as the "col | ect@@neraiad t%P&X/é’ér")f""”h"‘!%ﬂmm companent file. The Ingexile r og

enbodi nent , 44 he { | | | i

comput or ol <t the Gibold (e, SPY) afiln miler) e orioried Bhdptatet ¢
I Ncor porat ed i nthe datebase lcompongrt iy inIwhich datth symbot is fobad.> conpi | er 220
generates the conpiled or object code 225 and generates the correspondi ng

dat abase conponent file 230 for the source text file 210. The dat abase
conponent file contains ?‘o lqhgrty' (Qgergfméf/m)giso Iw%%“ﬁ?“&%h iorr]i)%wns%s iaon
database for a symbol, the index file is reviewed {0 determine the database
15  component files of the databage, and thus the corresponding text files of the
source, the synibol Is located in. The database component files containing the
symbol are reviewed to retrieve the symbol information contained therein which
indicates the location of the symbol in the source text files. The results of the
query are then retumned to the user. The information retumed may be in a variety
20 of formats Including in the form of a lisling of source text files and line numbers
\ ~ where the symbol is located, the fines of text from the file in which the symbol is
located or & plurality of lines from the text file sutrounding and including the fne
in which the symbol Is located. - "

25  Continuing with the present example from Fig.1, if a specific symbol
is the subject of a query and is searched for in the Source? sub-directory, the
index, Index1, will be reviewed fo determine which database component files the
symbol is contained In, if the index file states that the symbol Is found in a.c. * .bd,
that database component file I§ reviewdd 16 retrieve the symbol information

30 contalning the symbol name, ine number and symbol type as well as the line

"~ length and hash value. The text source file cofresponding to the database



'containind t he synbol nane, the |ine nunber the synbol is |ocated at and
the type of synbol. Furthernore, the database conponent file contains |line
10 identification information, conprising the |line nunber, the |ength- of
the line and the hash val ue generated therefrom The line |dent|f|cat|0n o
I nformation, as expl ai ned above, is used t=018heck whether the |ine nunber \«f
i dentified by the database file |Is the correct- line of text to retrieve

fromthe text tomposer filg,dhatis acole neviewedandshe lineoblental the line number 15 To
perform a quer IO oned The browser 240 generates an
i ndex file 250%hﬂ$9ﬁmaﬂﬁﬁﬁa@§%ngQ§ ce of synbols and the nanes of

dat abase conponent files 230 the synbols are contained in. To performa

query, the browser 240 reviews the Index file 250 and the database

component 20 files 230 If therdatdbase componeni fleland index filsarequneraied and fise
symbol queried, retrieves the Iines of text |n the source text file 210
cont ai ni ng She sayreadile jssubspauantly; modified, searb-ereors wiiheeruunless 4he 30 “and

B 1o AleBaSF phBoRsns D WBhE T B Kbeh st B, T2 1o
text files, sogjigviateithg effecdt aifcoridistént databiass, ﬂ@mﬁmmﬁmwmﬁa I§ hat

“is Input to conpller 220 to generate the conplled code 225 and t

dat abase, r espinciuded in the databasecomponand filesc Ghedineridentification lBRiDmaﬁm :
.dat ab t fi B 290 t ti | db b 240
o provi do.t e Saaing he ghe %Qﬂ%ﬁeﬁbﬁﬁ&%mﬁ%& ”éﬁs ,
query 10 '#§ UM¥co mﬁ'iwmo%bem&ymgm Dol WD 16t o

n -2 |Ie

gener at ed as much as text tile - text are contalned -
wi thin the samfiig]iartmashwvalue istompuated aocdeding td theitextrat the refarentcéd inecnumbér t he (/

database comPOTding ine lengih and compuled hash vakue are Tespeciively comparsd 1o the
kne length and hash value stored in the datab_aso___ component file. If the vaiues
are equal, the proper line of text has been found and s provided 1o the user as a
15 result of the query. if one.or both values do not maich, then the source file has
~* been changed subsequent 1o the goneration of the database file. An error
message may then be generated telling the user that the databasa file needs {o
be updated. Altamauvely. if the line of text has been movod foa diﬂarent fine In
“the source text file, it may still be found by eomparing the, Ilne length and hash
20 value stored in the database file to Im {engths and ganeraled hash valuas for
other lines from the source fext file o ﬂnd a maich. Preferably, to provlde a more
~ accurate match; the line lengths and gcnorated hash vams for the lines of text
above and below the line of text fo be retieved are .eompar.ed_ lo_lha fine lengths
and hash values, representative of thres saquential ines of text, siored in the
26  database component file. Thus, if the ine lengths and hash codes of the _
~ sequence of three lines of text maich & sequence of line lengths and hash values
stored In the database component file, & maich Is found and the fine(s) of text is
retumed {o the user as a result of the query.

30 A preferred embodiment of the. presént._!nvonuon Is described with-
~ reference to Figs. 4a, 4b and 4c. The present invention is preferably divided inlo
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within the file system separate index files would be generated. 5
Fig. 4c illustrates the addition of text file C 300 to the source which, In
‘conjupction with text file A 260 and text file B 270, is conplled by
conphlier 220 to generate conpller code 225 -aid, -t he dat abase respectively
conpri sing, database conponent file A 280, database conponent file B 290

and, dat abase, COMABBH of phnlied (arol ToBisd Vs b B oSiondt g Srvpets e
two index fil es;»ammﬂ%qoggg&m &gg@@gaemadoﬂm 6%95%%519 -

generates two indices, |ndex se conponent ftiles

and i ndex2 320 flies intthe form eteomputenyode soch as agprégram wiittentin dives Crianiyiage.
utilizes to the_ind E files 250 320 deternmne the lines of text to be

retrieved from (M ds incorporaten into the G ianguage somplier229. thusythe: 5

the proferr & CHiHen2A0 oBforbtts o cBnfied P oS dode 228 AfRCianelaif e >

reference to Fidbirespending dalabasietemperivat file 230dor he.sodkcetbriite 296, e

col l ector generates a unique name to ldentify the database conponent file.
The 20 dat abasiatehasesamponent file cantains alistingiof symbolideitificatiorsinlormatione x t

fil t ted wWth hash I whi.ch i t ted Wt

| deni 11 cation <GAniaiing e symbal name, i ngnumbe: the’symbol e igcaled st apd theht 1 |
f le, " Y ' ' f th

(co(rjl[ eﬁ?gmc:f et he‘ygg?g%éseabmgﬁen wﬁ“f’?ﬁﬁ%ﬁ‘ﬁﬁa@‘eﬁé{mu *e‘ﬁn'i"n) a rrgnner
such that if0 t Hdentifichtior infarmation, comprisingdhe line gamber) théleadth\ofithe lindang cs

At ,bock 410, the dat abase con&?nent file name generated | s checked agai nst
the existing ddhabask valyggenefated thestromreIhe fine ldeeﬂM%h@omlsafﬁt file

name exi Sts, ¢ Nyl GRS 1 6 18 CHRLR ARMF HEPAISHimtor Goritiba by He

particul ar sou exists an ere 1's no need to genergte anot her

dat abase conpongidbdselfite islthe chred he bitest toastieve from' thb text filvcaritipreset do ot
exi st, at block 420 a database conmponet file Identified by the unique

dat abase conporih@user ae:a fespense 0@ AUSN: ed.
15

To perform a quety, the browser 240 is employed. The browser 240
generates an index file 250 which provides a reference of symbols and the
names of database component files 230 the symbols arb contained in. To perform
a query, the browser 240 teviews the index file 250 and the database component

20 files 230 identified In the index file as containing the symbol querled, rstrieves the
\_/ ines of text in the source text file 210 contalning the symbol identified in the
' ~ database component file 230 and presents such information as output information
255 to the user.

25 " Fig. 4b lllustrates the structure of the preferred embodiment, whetein
two text files, source file A 260 and source file B 270, form the'souree that Is input
- fo’complier 220 to generate the complled code 225 and the database,
~ tespectively comprising database component file A _230 and database |
component file B 290, which are then utilized by the browser 240 to provide the
30 output information 255 which comptises the result of a query fo the user. |t should
" be noted that only one index file 250 Is generated. In as much as text file A and



- 2] - Fig. 5billustrates the functions that would be perfornmed by the
browser el enent Including the generation of the Index file and the
execution of queries. At block 430 a query Is received and at bl ock 440
file directories are 5 exam ned to deterygne if an index file noods to ke
generated or updated. The index is bui | ¢~ ffom scratch If there is no | ndeX#
The Index is updated if there are any database conponent files that have
been- cr eat edlext filedd atexconiained withinthe samecdirectoty, onlyonaiindex filede requiredn i ndex

file needs tQ be at.ed, or ated t block 450, the Index file Is
gener at ed orHQ}’lﬂﬂg' Bﬁﬁﬂm mﬂqmsﬁﬁmwﬂn saparate dirapietiesd and t he

e o, cc WiRGtio e fplohF Nephieif s e R by BBndle " ./ 0 oon ot |
bl ook 470 to access the first database conponent file ldentified. At block

475, the line number. of the first. synbol reference Is ldentified and at
bl ock 48@ the symbol Flgzldntlmremnbaadﬁﬂonbfbxﬂﬂeﬂmmmemuma‘whlnb.ton i s

Cor eapondi g Gonigoden wiR iR 3is e&%ﬁ&@ ot e, 85270’ e srenlen bytosielien 29, oo
0 he h §ﬁﬁﬁmg he .
Fegg: heof atshl\g ﬂdﬁgatgn asﬁ% ue con'put Meew ar gﬁ;ﬂﬁh t}teel I ne

l ength dand hdatabass componuntlilecA 280, ddtebeeeruommehtmeeazsmanddmbeeel on
retrieved-fromthe dat abase. conpone he two are equal, the I'ine

of text conteampongnt ﬂ'@%%ﬁo"‘%F@ﬁ"ﬂS‘Q’%ﬂ"ﬁM&WﬁN@"MWﬂmout put .

2t bl oc ks Arect Mhar ex ;A 288 phd 50 W19 24, 186 X WUE i urbedlod ) 00

find the 11 ngnebfor eaish cirbétoly. 2The bRWSBEZ4D bersratesinib Hitiches Wdext BSDTGEY L1 on o/

and/ or deletion of text subsequent to the generation of the database file.

As descri beddatabase, mm&!ﬂﬂbéﬂﬂomm index2 320 fof the datebase egmponent hash

hash val ue. 110 @10 TR omaserfitlifizes toing ek HHZa0] 32 dBtesmintsmo AR " °"°
I dentifi catigrektibbe retriovad 'erthﬁ ﬁamwmmatzabld@mm tothe
16 query fo be presented es output information 255 to the user. -

_ The procese of the preferred embodiment of the present invention is
exptatned wtth reterence fo Ftoe Sa and 5b. Retetdnp {o Fig. 5a, at block 400 the
| | collector generatee @ unique name to identily the database component file. The
? 20 database component file name is & combination of the source tex! file name
| cohcetehated wtth a hash value which Is concatenated with an:identification W,
euttix which ldentlliee the file as & database component file (lor example, * bd")
The hash value Is generatsd as & function of the contents of the atabase .
component file and should be computed in & manner such that if the contents of
25 the tlle changes the heeh value chengee. Al block 410, the database component
™ name generated is checked agalnst the exletlng database component file
namee " the datebeee component file name exisls, this indicates that a database
component tlte for thet petttculet source foxi file existe end thete is no need fo
generate anothet detabm compcnent file. lt the daiabase coMhponent file name
.30 | doee not extst. at block 420 a database component file identified by the unlque
| detabese component file name (s penereted ' SRS



30 Pr‘,efer'ably, this process Is perfornmed for three lines of text, the line
of text above the line to be retrieved and the line of text below the |ine

tvo be_retrieved. Thus, If 22 a sequence of line |lengths and
corregﬁondi ng hash values for three sequential |ines-mtch those retrieved
fromt

e dat abase conponent file, the I|_n of text Is output to the user as
responsive.to the query. 5 %I ocks 525 and 527 the process '
continues for the next line contalnlng the synbol which is the subject of

EQErESSL%dPRS text 111 e R EoMustmtaxing fncliges el do @@ﬁf&@@%ﬁ&% ﬁegt”d

t 540
and process, |t horser “Pocﬁﬂf%{s"ﬁ'@w@&sﬁ Fihethqd g fnd 166 B Roctsib 81
file is revi enequedes. t Acblacied30 aoensis received and-dtdiock 440 e dirbctodes aiees

conprising a dat abase &enerat ed according to the present invention nmay

reside I'n s$ngpvamined rmaine if-an-index Wéeﬂﬁmqwtﬁﬂphﬂwﬂ% ﬂ'lﬂe

corr eapondi nSaEEPéSE@thﬁw Brot 40 e . ” P Pl kol 6 0

dat abase conponggy databged Bélﬁp&le?ll'hlaﬂ'tﬁﬂmé 1596\5 cieafedsifdethe l&!ﬂ‘ﬁi&‘ﬂw

directoy where the source text file Is located. Preferably the. sub-
di rectori es conindexiwas créated/updated.c Hanipdexfie nbads:to h&cﬁnmatbdmﬂupdated at

a1 <0 | ocat ed | nbBak ASHhadARes e lnanemedn O%q@mé@aﬁ@%q g e ng an
cahancenen: 197 o RARE nd 8RREYee cor Ponpale ReniaE i 'ﬁ?‘r‘]‘““" B base

Wavbe ext endedgymblol; which wmwmoquuuyy. {5 reftieved.aThis ifformatiomipititen a
si ngl e common dat abase directory
| Gsed ot block 470 o-access the st database component ile identified. At block
475, the line number of the first symbol reference Is identified and at block 480,
the symbol identification and line identification information is telrieved from the
15 database component file. At block 490, the corresponding line of text is retrieved
from the source file and at block 509 the hash value is computed for the fine of

text.

" At block 510, the lengih of the fine and hash value computed are
20 compared with the line length and hash value contained in the line identification
- information retrieved from the database component fle. If the two are equal, the
| ine of text contalning the symbol which is the subject of the query is output to the
user at block 520. ¥ the line lengths or hash values are not equal, at block 530, a
‘search is attempled through the source file in order to find the ine of text which
25 may have been shifted due to the Insertion and/or deletion of text subsequent to
the generation of the database file. As described above, this may be done by
generating a Hine longth and hash value for each line of the source flle and
comparing the first length and hash value 10 the line length and hash value
" | retrieved from the fine identification information In the database compbnent file.
30  Preferably, this process is performed for thiree fines of text, the line of text above
the line to be retrieved and the line of text below the fine o be retrieved. Thus, if



enp]oyed by all the directories fromwhich source prograns are processed

t hrough the collector by Installng a reference, referred to as a "synbolic
link, 30 between the source files directory and the directory contai-ning
the common dat abase conponent files. Thig,is Illustrated In Fig.6, wherein
the main directory - -23- Project contaifl two sub-directories Sourcel an
Sour ce2,. Sourcel containing, source files a.c and b.c and Source2

cont ai ni ng soamequmeen! llnedengms and:com!pondlmdmhnnluog lwdheémmqmﬂpbnent
‘ties are located In n d|r ich is a -dire mai n
directory proé t'ﬁ\"ﬁ! 'MB% mpeﬂm@ﬁ@ &Es’l!’ c‘gr\%ﬂﬁ%n
files a.c.'.b bd. For exanple, In the -
UNI X[ err] (Ul\ﬁglpp'sﬁéh$ Mg‘& g‘myatl ng system a synbolic link .
" may be established by executl ng -the follow ng command: In -s <directory
pat h nane>/.sb 10 Furthernore, when generati ng dat abase

corrpogent §il es |t ma# blocks:525 and 527 the pwcess ?!‘Mﬂ&&&!i U@Eﬂbﬂent file
| i re

.]Eiinrgct '0?3.“? 40 the BfmBarjien @é@??&@%?’%@ec -{'ﬁﬂér{*@{egbﬁgm P'egt ory
or easy re WM Srfipongh AP EiFdspo hﬁ%}ﬁ‘ﬁﬁ@ﬁfﬁtﬂh@é&r ge y

source files ty of directories. In 15 addition,
query, by defpnocess continues:{o the nextdatabase ¢orhponant filsddendifipd by ithe | IWMse

ggglp)?gglrlte Ilol es | ocat ed(mgrthe current r Ki Bg gl rﬁﬁ'ﬁ@!‘“h%ﬁ%ﬁ&b’%ll e
or edt e?niﬁidcﬁééﬁ@%ﬁ%"érgﬁ‘emt @wwze sonpleedC T et as

the .sbinit file, is used by the collector and browser to obtain o/

Informatlon about the dat abase structure. The .sbinit file contains the
conmands In‘por - expahpdmegps.qomprlslng adalabasegeneratadaoeordngto _

~ the presem lmenﬂon may reside in-a single dlredory or in multiple directories
within the file syslem For each text file of the source, the collector will create a
15 cor'tespondlng-data'bque component file and will, by default, place the database
~ component file info a sub-dlmciory of the current working directory where the

source fext file Is located. Preferably the sub- directories containing the
database component flies are uniformly identified by the path hame [Source
Directory Name/.sb. An index file is aiso located In each database component

20 file sub-directory provlding an index Into the database component fles located
therein. - - o SR . _ \J

:v

Though various enhancements to the. database system of the
present lnvenllon. a database may be extended and tefereneed in & variety of
*26 ways. | 5

For éxamplé; a single eommon:database dlrcctorymay be
employeé by all the directories from which source programs are processed
= through the collgctor by 'lnstélling a refereiice, referred to as a *symbolic link -
30 between the source files directory and the dlroctoty containing the common
database component files. This is iliustrated in Fig. 8, wherein the main directory



25 ﬂ - To query multiple database conmponent files In direclories
other than the current working directory, the Inport command |s used to
kndicate to the browser the path nanes of directories containing database
conponent files outside the current working Qiﬁgcgory to read each tinme it
~perforns a query. The "inport command has the rm 30

i mport <pat h> -24- where path Is the path nane to the file directory

that contains thProjedt containsiiwe sutsdirectoridsSoireg! ind Shawed2; Sourcwtpeontalhing,
files to be Inpoted. For exanple if the current working [

_ directory is
/ pr oj ect / sour ce1S0UR@ ﬂmé-eammsem%spmmwmp@@daﬁc-me as
/ project/sourcel n form e_i npor, command, woul d be:
| mpor t t {1 pr oj Ielct/ %@%ﬂd&%ﬁ?%ﬂﬁém ?"Mﬁh‘?"c}w&;gmg&go.
cause e collec ' ﬂﬁmﬁ qmgqﬁﬂ e
the files In a 1%'['] | regtorb&ﬁot agirﬁf an ?'ﬁ?@'g?’?@%‘? wor Ki E\%ﬂ dﬂg‘?fg?'{,‘_%%e
export ](c:olmrarﬂ hi cmabd “be' componenp filed a:llahbd.dr:?i‘.bd.w.ﬁ.é.bﬂ idnd mgrwb dFortddxample. in
source files the t abase comnmponen i es ich are to be boated In a
: fEeCi fijefl gi rect@'ﬁa‘. NEX® @’Mgpe‘@‘{eﬁla‘_ ht QEXTQ_'gn‘!P&&%‘_ ‘Wi%&t‘%_&rﬂ"ﬁ?“ﬁﬂ%ml

ose dat abase c I ca iles In a single

dat abase whil e s@?%ﬁ‘ghgdnéﬁgxﬁgﬁ%@tﬁwg?g‘ ases In separate
directories for Individual projects. Tiesadiecloncpathmaesfsbt he form

export. <prelix> into <path nane> thus whenever a coll ector processes a
source file having the path name which starts with <prelix> the resuling

(o oPaes heRoEThate conthch e ddhfhns B Wi w7 B8’ ©
desirable to store the database component flle in a directory other than a sub-
directory of the current working directory. Fot example it may be desirable to
' 'place; in a single directory for easy reference, those database component files
~ commonly referericed by source files located in a plurality of directoties. In
15 addmbn. a query, by default, will review the index file and cofresponding
database component files Iooéted in the current working directoty. Often, it is
desirable to execute a query on database component files inside as well as
outside the current working directoty. '

20 " Afile, having & predetermined identifiable hame, referred fo in the
Y, preferred embodiment as the .sbinit flle, I8 used by the collecior and browser to
| obtain information about the database structure. The .sbinit file contains the
commands *import®, "export" and "?plil‘.

25 | . To query multiple database component files in direclories othet than
the current working directoty, the import command is used to indicate to the
browser the path names of direciories containing database component files

 outside the current working dlredoty {o read each time it parforms a query. The
* iitibort command has the form: ' .
30 - " Impot <path>



for $ourde files from/usr/include in a .sb sub-directory In the directory
project/sys, the export command woul d be: export /usr/include into

[ project/sys. 25 To I nprove the perfornmance of the system when
working with a |arge nunber of database conponent files, a split functior..
may be Inplenenled The spllt function spl- 24 the database component fil eg:.
Into an "ol d" group and "new' group of database conponent files whenever o~

the size of thwheredath is the paticnanie. tathqﬁcdreddyrthdtwmaﬁsmﬁt sb subdi cati ng
‘that the datab selstoolarﬂmﬂ;mg eff|C|entIy‘£erforn| updates within a
pr edet er ni ned 5@%}1 coptaining. 'mm-éire

sburce fi1es egbﬂﬂ%&ﬂ%‘bﬁ%zﬁw'hemé?bw%ﬁ& s P
conponent fil epromueoura@hswas Ippsjectasduried wiRingssHonmfiy & QueRS tREIMgHTOUP

of dat abase conponent files, |eaving the renai ni ng database conponent files
In the "ol & osaswpandwosid®s. Correspondingly, a new index tile 5 Is

created to index the new group of databgse onent files while the index
file to the ol d group of database @BW@M“’&? --é]emai ns ‘unchanged. This
I ncreases system-performance because the tine. It takes to build the index

file I.s proportional to the nunber of database files that require |ndexing.

Consequently, it takes Simiarly, the texponi coinmandymdy beused fo tausbdhe t he new
group of database CO nent files, than, 10 to rebw d one large.index file

for the entirecq hpanemmies the, nt fiigs $o slore the files inay i n

glr gdeferm él Zﬁ%"#%ﬂ?&wﬁ W"‘lv’gmg@j‘d&gup of&bgfl Date coﬁgn“ ent

fies has rmvedthdcwh namulandlsroam naune Bt those bobfve. filés thediatatiiee gr oup Of u
dat abase conponent files is created conprising those database conmponent
files 15 cor reamponanh §lesof whigh-arertp|bejocated in  apecilind:direciony! iThis enables)uent
to the last. " the user to save disk space by placing those database component files
 associated with identical files in a single database while sill retaining distinct
15  databases in separate directories for individual projects. “The export command
has the form: R |
export <prefix> Into <path name> .
thus whenever a collector processes a source file having the path name which
starts with <prefix>, the resulting database component file will be stored in
20 <path name>/sb . For example, to place the database component fiie created
" for source files from fustAnclude in &'.sb sub-directory I the direciory
project/sys, the export command would be: e |
 export Austinclude info /project/sys .

25 ©  Toimprove the performance of the system when working with a |
large number ofdatabase component files, a spiit function may be implemented.
The spit functlon spiits the database component files into an *old" group and
*new"* group of database eomponent files whenever the size of the index file
“excezdoa specified number of bytes indicating thet the databaso istoo large o
30 efficiently perform updates within a predetermined pedod of time. Thus, when the .
database component files are updated thus requiring that the index file be |



time the collector process was executed and the database component files
were updated. In the present exanple;, only source file a.c has been '
hodi fied; therefore the new group of database files In Sourcel/.sb contains
a.c.*. pd and a new index file is created fot a_c*.bd. The spilt command has
the form 20 spi BP Zsize>, where <size> |Is
the size, tn bytes, of the database |Index. Wen the Index file |Is greater

than or equal t Updetedecthose sours files which haverchanged subsequentiodhe lastdime the

i nfomation provi t he us ating the results ,of .the 2 uery ma
Lake a vari bty defq%afﬁsomnﬁvﬁﬁﬁ%a?ﬂMa@F&P&eﬁeﬁemwﬂaﬂ%ﬁ'n y
exanpl e of a useg fabasé both

fil rem t he paraneters 'g?ﬁt e query, wtﬁﬁﬁ%&n@?{'ﬂgm@ e sourcgrﬁal e

whi ch are r et ur comppnertiiles intthe tdid” mpmmlnhqndprww»omﬁnw angicinde file
lines of the source file which surrouround the Ins of text which conta'ilns

the synbol whi cif ¢reateddo indexdte new gmup efifatahase component files while-the index file

50 d splays. t nio 18 ord Ao i cGbabl hinpanghe e, Simbins rcnBfibd, Oroig ibisispt o
file containi nggydtemPpeiforiandictieciuse'the tineit thlesYo semmtlﬁdeﬂﬁa Is mpomaﬁmer

of matches (occurrences of the synbol specified by the query), as

as the match cutotmmuynhnrgpqusﬂestmmm ng: Gnnsgquomy lunkesdcas for

contr ol sub wi ni8R 18 Pyl sirel eX HIEF N sk preyp ot blobBes Vommatins e oan
Regr 5! oCoA0E BT D6 UEURG) i b1 o O YS, |
mat ches and 10 t[hisris lustrated ircFign2  The sizeral theglndex file in Sburcedt shhisdasgenthatow
520 di Spl ays al llh e ennineHndeXr of}Lyles Thus, the oid group of database component
| files has moved down a sub-directoty to Sourcei/.sb/.sb and a new group of
database component files is created comprising those database edmponent files
18 corresponding to source files which have been modified subsequent to the last
time the collector process was executed and the database component files were
updated. In the present example, only source file a.c has been modified;
therefore the new group of database files in Sourcai/.sb tontains a.c..bd and a
new index file is created for a.c.*.bd. The spiit command has the form:
20 : : - spiit <size>
U _ whare <size> Is the size, in bytes, of the database lndex. When the Index file Is

greater than or equal to <sizes, the split function will be initiated.

' o  The Information provided 1o the user indicating the results of the
25 query may take @ variety of forms and is implementation dependent. Fig. 8 is an
“example of a user interface eonta'mlng information regarding the source file, the
parameters of the query, the ines of text from the source file which are returned
pu'rsuaﬁt {o the query and a predetermined number of fines of the source file
which sutrost-the line of text which containg the symbol which is the subject of
30 thequery. EE .



¢ i
~current query. The information provided for each match includes the nane of
the file In which the match appears 590, the line nunber In the file on

whi ch the 15 mat ch appears 600, the function In which the match:
appears 610 (if applicable) and the line p§ text containing the match 620.;
The source sub-w ndow 530 d| splays a portion of the source file that -

contains the current nat The ma identified by a market such as a
20 bl ack arrow 630. The M@fM§M@%wM|anwﬂwauTm

L o A

i nterface suchppthd sourésfiletontaining'théccurfent match 540) the: q&a?wabf 550, 1Aé

t asks enpl oyi ng the sgstem of the present |nvention, udi ng i ssui ng

queries, nodi f pumbet obmatohes (orcurroneas ofithe @mbnhwfbddwdhequam ascwell as
review ng the results qgf the rent .to one din the
art, the us®er ﬁﬂﬁ? 1 M%’Wﬁﬁo"@ pLstiing go gon t'B" cl ude
addi ti onal - [ er miteR's70

as to nodify t e"?@;or rratlon céwmﬁ%%rgan#zatpmﬁdw Wr mafwon vvh| ch
| s presented tmmawalwmmmamnwslmwmmummwmrm -

27 - The flexibility of the system of sent. I nvention :praovides for a
nul titasking camﬁ! Wﬁﬁﬁ"m#'d 81 @%Pﬁ"‘&'&%ﬂ”@? issue i pl e

ot anase 5711 BuSHELHNAbMH aRARHImbve el Ginef g fadfed M. 0°

by mul tipl@ cguékés and relihe of narewgueded) obl em which arises in the
nul titasking environment Is the existence of race conditi ons. This problem .

ari ses when two processes or devices access a single source f| le or )
data berng W Cren st o THHERAER ybiachh o8 SxpAs o' lichéiidund B the °°"" VP!
‘current query. The information provided for each match, lncludes the name of the
" fite in which the match appears 590, the line number in the file on yvh,k_:h the
15 match appears 600, the funclion in which the maich appears 610 (It applicable)
" andthe line of text containing the match 620. _ |

The source sub-window 530 dl_sﬁla'y_s'a__pqmdn_qf_'mq source file
that contains the cutrent maich. The match is identified by & marker suchasa
20 biack arrow 630. The souroe sub-window 530 may optionally contain markers in
the form of gray arrows 640 to kdentily other maiches found during the current of
 other queries. ' o

Thus a user, by using the user interface such as the one shown in
25  Fig. 8, can pérform a variety of tasks employing the system of the present
invention, including issuing querias, modlly'lng'qunrles. m‘odllylhg the databases
searched, as well as reviewing the results of the queties. As is apparent o one
ekilled In the an, the user lnteﬂaoo can be tallored {o each lmplementatlon fo
include additional furstionality or tools for the user lo tefine h_ls__ qugrles, as well
30 as to modily the Information content and organization of Information which is
presented to the user to show the results of the queries periormed..



10 file and/or corrupt data being read out of- the database conponent file.
An exanpl e of the race condition may be explained by reference to Fig. 9.
The mai n directory project contain source files ac., b.c and i.h. Source
liesi@;c and b.c contain statenents which incude file i.h. Thus, if two
conpliers are Initiated to conpile files a.o angyb,c, both conpilers wll
attenpt to generate a database 15 .conponent file for i.h. because i.h Is

I ncluded In source files a.¢ and b.c.” As a result, “bath conpllers attenpt

to sinultaneously createthe hg%i??ﬂgm$§s?ﬂg og mr?#ﬂ |MH|&P§@§{#§?&&

because both conmpilers are w n e concur

addi tion, |f tvmuliitaskingscapability.whereinmmultiple colieciorstdacwéinds multiple browsers
dat abases a.c and BPC have not been generated, each guery nmechanismw | 20

Initiate a prodBsybeopgrating simultanaaysly on anumbes of database-flles.; The dalabasm: ai n

sane | ndex 1 o, TboFalsEhi el indubte Sleilean Tise (AL 8L Achond BF bbbl cn |
enpl oys a 25 | cuHetibes orrowsersA probleny WhichEiees inthe milftasiing 8MArohhiomt is
accessing a file at any one tinme. A sub-directory |Is created which iIs

referred to by the gxistance oktaceiconditions.h Thisiproblemcarises whendwo ‘provesseascor’ |

whi ch | d t_ of | pcki ' t t th

0t o 5 acBhed s PRI R ST eSOy SiebRss, Soparmal B o

conponent fil e:thb%aﬁﬁmmw%mﬂg%&&nlﬁiﬂamh@hmeﬁﬁmgﬁ%ﬁb;&ﬁﬁbﬁ&% a
! p ereby 1f the

| ocki ng nmechanismis enpl oyed uUsing atom c operations
~oper ati on i1 dslile ahd/opcomipt data being teddsoutof thédatabasvcomponeht fle.t Aar - 28-

AJAL i on, "t he usKEgIPIa Al eJaeh eerctiongney b9 Srpialosd by eietancs te Bi. g Wi mAinng
when an | ndex I dhlecicn? A Rolin BSLAS oS deCULLRY LA, BolReSids ARUAK K O
~ contain statements which include file i.h. Thus, if two comipilers are initiated to
complie files a.c and b.c, both compilers will attempt to geherate a database
~ 15 component file for i.h, because i.h is Included In source files a.c and b.c. As a
result, both compilers attempt to simultaneously create L.h...bd which may result
in cornrupted data because both compliers are wiiting into the same file
concurrently. In addition, if two queries are run in paraliel and the index for the
' databases a.c and b.c have not been generated, each query mechanism wi
20  Initiate & process to build an Index. Therefore the index file may contain
L corrupted data as the result of two processes concurrently writing into the same

index file.

. To prevent these probla‘m’g, a process Is utilized which employs a
‘25 locking mechanism to prevent more than one process from accessing a file at any
~ ‘one time. A sub-directory is created which is referred o by a predetermined

name, herein refefred to as *new root", which Is used as part of a locking

mechanlém to prevent more than one collector or browser from interacting

simultaneously with a databass-component file. in eon]unctloﬁ with the specially
30 named sub-directory, a locking mechanism Is employed using atomic operations

whereby if the operation fails, the process step fails and the process will either



5 Referring to Fig. 10, the collector, at block 700, prior to generating a
dat abase conponent file, will generate the hash value conbine It with the
source file nane and check whet her the database conponent file nane already
exi sts which indicates that there I's no need2 0 generate a new dat abase 10 .
conponent file. At block 710, the hash val ue éenerated and t he dat abase =ﬁ+¥
conponent file name generated using the hash value |s conpared agai nst thé"

exi sting dat abdafttd awaltsiaresor anl eridtataté idependig upsh IhG applicatiew)t 3R addition,

al ready. exi sts and there is. no need to generate a new database. If the file

nane does not dhe use ol this sub-directoty providas the means for delermining;when aniirdex: o
herein as "new goot s 15 rea { bIoc 73 at se file ls

t hen generated 9%@5@8“%&%@%@9 @ W' P? ®r eati on of
t he dat abase c%ﬁhle the file Is |dent|f|ed by a tenporary file
nanme. Preferablly the tenporary file nane is the concatenation of the tine

the file wa® opened, the machine 1D of the machine the collector is
executing on and the process I D.. Thus the te rary file name would 20 be

[time] [nachine 1D] [proBetssingio Fig eﬂebwkm.(ﬂﬂﬂﬁﬂaﬂmfa%%

oo 111 & dalatBodeongh @rﬁaﬁ@k@ﬁmwﬁr e, BB iRithe . 5,
the rename opergyiniiMil Hante imm m&héﬁhamweé&\?oﬁaﬂmrdaaﬁbmady

conponent fil e name exists, e systemrecogni zes th there is no need to
have duplicate dﬂﬂ!&llmldndlhﬂeﬁlﬂlﬁ thereris no ineed Lo genaratecapewsiajabiasee nane | s

2 dat abase 1o RmAR rﬁ@%%@%&s@?e i phergiog o 1FS Bslebede ||

1517 iyttt o s 0
and a second dedMagdatalnpelﬁhmme elf the mqnedrre qxlete:ﬁmddebea alpaglyexisis cd
when an - and there is no need {o generate a new datebase 1f the file hame does not exist,
o at block 720, & sub-directory, which Is referred to-hereln as *new root", is
16 created. At blook 730, the detabese file Is then generated and placed in the new
| root dlrectory Dudng the creatlon of the detebeee oomporrent file, the file is -
ldenmled by a temporary file name. Preierebly the temporary file name Is the
oonoetenation of the time the file was opened, the machine {D of the machine the
- collector I exeoullng on and the process ID. Thue the lemporary file name would
20 bemme](mechlneID][prooeeeID] e |
Once the generation,of the database component file is complete, at .
block 731, the file Is renamed from s temporary file name to ls database
, _ oomponent me name. ¥, at blook 732, the rename operation fails because a file -
| 25  with the eeme datebeee oomponem file rreme exlsts. the system reoognlzes that |
lhere is no need fo heve duplloete files and the file ldenti!led by the temporary file
name is deleted at biock 734. Oweslonelly while one oompller process is
neneratlrrg a detebese oomponem file, & browser process will be operating and
will detemrlne thel en Index file neblis to be generated of updated. For example.
30 this mey oocur when a first database oomponent filo has been qenerared and a
second database component file s in the prooees_ of being generated when an



-29- Index file Is generated. As will be described In detail bel ow, one of
the steps.In the process for the generation of  the Index file Is to renane
*the new root directory to "locked" and nove all the files contained In the
lockegd directory to another directory, refergeed to herein as "old root".
Thus the rename file operation to 5 repane the database conponent file
froma tenporary nane In new root to the database cwonent file nanme al so

I n new root wi lindexdile I§ gensratéd. Asiwili beidescribeddn detailit wonecofdbe stepsin exi st
| ' t. At, block 736,.if th ' falls,b fil
3 ot found, 46 BaGeRs Rk he peneritortot 166 indes RIS ranaens he ek toBk RO
Lemporary 11 el o it b 09 0¥ cdflhed o368 i o AP 10

sub-directory and I's renane romt orary

conponent fil e diretiory, fefetredite befein &s Wid idot". \Tiss this ceriame filefopecation thbo be
generated- (in the preferred enbodi nent, this Is perforned when a search or

query is inBti Aename the databasecomponentfile. fenma termporary;name innew rmot fathe; o

ety e o Watasgp Yarlon S H ) B0, 100 B AR e (R
file needs to lyfs nifl@'dBes hor exisltn Aew Abuts At BRIER 736, H thie reRamb openitioh Nallé

therein. At block 760, the new root directory Is renanmed to a second
predet ermi ned secavse thetfie is nol dfeund, abblocki738 the databasecompanent filg ddentified

cont S?ﬁiﬁt : her i the SAmPOraDCHE HaimS. e ioveds o hacipoved hrecior i fhedy foot °°
t ed. , | d
0y ectory AP o SHrohepEh e eRfma3 HOFPSfpbraly Yo B ¥ daGERSF EoipoCT

and the currentfiignameéss has to wait until the Index build Is conplete. -
Therefore, at block 767, the current 25 .process puts itself "to sl eep”
(I.e. suspends itself) for a predetermned tinme period (e.g. 10 seconds).

At the end of -the tinme gﬁyg@ﬂ‘&@ﬁﬂqoaﬁaﬁ giﬁw%@e?)ﬂ“@ggngémmhghec ks

to see if the new root i'1TPexi rocessS contl nues until

the |ocked di egrafoired dniboditsntthisis pertdimed whén & Sarch or quelyds intixied) at
operator. is executed to renane "new root" to |ocked", at block 770, the
16 block 740, the sub-directories are checked to determine whether a sub-directory
Identified as new root exists (block 750). The presencs of a directory named new
root Indicates that the index file needs to be updated for the database component
file(s) contained therein. At block 760, the new root directory is renamed to a
second predetermined sub-directory name, “locked®. As will be evident
20 subsequently, this protecis against access and use of the database files
N\ * contalned therein until such time that the index file is completely generated. I, at
" block 765, the rename operation falls because a locked directory alteady exists,
this Indicates that an index build Is in progress and the current process has to
"~ wait until the Index build Is complete. Therefors, at block 767, the current
25 process pu'ts itself "to sleep” (... suspends liself) for a predetermined time period
(e.g. 10 seconds). At the end of the lime period, the process returns to block 750
“and checks to see if the new root directory still exists. This process continues
* - until the locked diectory no longer exists. At block 760, once the rename
operator is execuled to roname "new root” 10 “locked”, at blo‘ck'm. the
' 30 database component files are moved out of the “locked" directory fo a sub-
directoty having a third predetermined name, in the present example, “old root",



30 dat abase conponent tiles are noved out of the "l ocked" directory to a
sub- dirtory having a third predeterm ned nane, in the present exanple,

"old root", -30- and the index file is generated. At bl ock 775, any IP
files which may exist are also transferred out of the |ocked directory toca
new root directory which already exists or =i 0creat ed by the process. 5 =
Once the lies are transferred and the Index file is generated, the :
operation is commd thedndéiofile isigermratetth At blockF76pany 1P fleswWhithemayp esishere
processes attenpting to access, the database files, at block 780, the |ocked

directory is rctsed&ansiepadontot thedocked:direciory in.a new oot dissalery which albeasys
perfornms a sear fe e N root directory, it will find that
none exi st, inf@%@%ﬁ&?’ﬁé@f’tﬁ‘"&@%ﬁ&x file is up to date and a new

i ndex file does not need to be generated. Wen a query is Initiated and the

browser attenpts to access a dat abase conponent file while a new Index file
i s being gerferated, it wincelthe fisearentranstenredrand thejindex flleds gensrated, thise x

file does not. exist. and a search for the 15 new foot directgry will fail
(because. i 1 hacoRSIRUSH i samplbte. To|iileatn The operaton s ommielais ol pracesyes
operation, Whi ChsdeSntiid t#’B% %ﬁﬂﬂ | Lt bl gl r 1]
ei ther remain Ic#dzgﬁ%g@ttas a %t?? e. %ﬁfmdlgf g{ePMZ§21rI§gWQBWIE{ wcan
perform the operonioved irom ivelflle system.n Thus,dha subsequent piocesspedibri® asearch
predeterm ned state such as waiting for access. Pref erabl'sxq_the browser

process wil ;| bendlop @ pew reclony, dwil Sind shad noneaxist indigating thatibei od,

ks for she
compl ot e anth o PR s b8 15 By ane'e o 1Sk M4 (SR HeRl 16 Be oy, < ,
process is continued until the Index file generation process is conplete o/
and the renane operation can be executed. 25 In addition, if a

new new root directory i Whansmqueryitinitiated and thechrawser attlempis to-accessiad
another auery | g unbase companent fis Wile & Réw index fié'ls Geing gBherated: Awinbe -
 prevented from doing 8o because an index file does fot exist and a search for the
16 new root directory will fall (because it has been renamed o *locked"). Thus, the
rename directory operation, which is an atomic operation, will fail and the
process will either remaln in & wait state (1.e. “put ltseif 1o sleep”) untl it can
perform the oparation of will branch on an error condition ot fo a predetermined
state such as wamnq for access. Preferably the browser process will be put into
20 & walt state for a predetermined time period, 0.0. 10 seconds, check fo ses if the
Index fils generation process is complete and continue in the welt state for
“another time peﬂod. This process is continued untii the Index file generation |
 process Is complete and the rehame operation can be execuled.

26 “in addiion, if & new new root direciory is created during the Index
build process, and another query s issued, the second query will also be put into
a walt state and suspend its index rebuild until the locked direclory Is removed.

~ While the invention has béeh desctib¥d in oonj_uncuon_witli_ the
30 prefetred 'cmbcdiment. it is evident that numerous alternatives, modifications,



a wait state and suspend its Index rebuild until the |ocked directory Is
renmoved. \Wile the Invention has been described In conjunction wth the 30
preferred enbodi nent, it Is evident that numerous alternatives,

modi fiications, - -31- variations and uses will be apparent to those
skilled In the art in light of the foregoB#g-description. ~“CLAIMS 1. In
a conputer systemconprising a CPU, input/output nmeans and S nenory
containing a fydritishs aRduseswill b dpparer tethose Bhilled i the airt Ih dighttofdhe” sour ce
file conprising text, an apparaus for generating a database conprising at

| east one dat aloregoing deseriptions i | e derived fromthe source files such that
one dat abase conponent file |Is generated for each unique source file
regardl ess of the nunber of copies of the source file occurring In the file
system said 10 apparatus conprising: neans for generating a uni que nane
for the database conponent file, said nane generated by concatenating the
source file nane with a hash value conputed according to the contents of

t he dat abase conponent file, whereby If the contents of the database
conponent file 15 changes, the hash val ue changes and a different

dat abase conponent file nanme |Is generated; neans for searching the file
system for a dat abase conponent file having the sane name as the generated
dat abase conponent file nanme; |If a database conponent file having the sane
name as the

Y



20 ‘ gener at ed dat abase conponent file name does not exist In the file
system neans for generating a database ¢onponent file for the source file
conpriing a listing of synbols and Iine nunbers In the source file where

gener &t od 2o IRHERILIIR e v 505 %8t abase component 111 5 not

geneat ed t hertby* eltm Mat Fng*t he duplicati on of database conponent files and
the systemusage required to wite the dfphAlMBe file. 2. The appar at us
according to claim11, further conprising; - 33 - neans for generating an
index file for at |east one database conponent file, said Index file
conprising a listing of synbols and the name of the database conponent:
files the synbol occurs In. 5 3. The apparatus according to claim

2, further conprising a ireacempotersystent conuisinga ©PY, inpul/eitpltneansusd

synmbol conprising: neans for reviewng the Index file for the occurrence of

the synbol ; §f @Rmentesniaining E) Mw&eyymﬁhsvﬁwmmmsmahmbmm .
Cpeciti oo the e SmphEing 36A &% BpSeNIGr bererari o Aithobek cdribiahd bl Best, 1
source file whegmy mbmmﬁ&dmmorﬁbf&%m&hﬁﬂ onge Of text

in the source file where the synbol occurs identified by the neans for

review ng the ddatabassccompgnent file isigepetalad for eachiumigue hource s tegardiess alo t he
i ai m 2, wher o1 18 watbek ot gonlas ot acarliie the peouning N M prltera.seid > ¢! "0 O
10 apparatus comprising: _
_ means for generating a unique name for the database component
file, sald name generated by concatenating the source file name with a
hash value oomputed according to the contents of the database
component file, whereby If the contents of the database component file
16 changes, the hash value changes and a different database component file
name is generated; '
means for searching the file system for a database component file.
having the same name as the generated database component file name;
i a database component fils having the same name as the |
20 generated database component file name does not exist in the file system,
means for generating & database component file for the source file.
comprising a listing of symbols and line numbers in the source file where
the symbol occurs; . o
whereby if a database file having the same name as the generated
| 25 dalabase fils name exisis, a database component file is not generated thémby :
efiminating the duplication of databasa component files and the system usage
" required 1o write the duplicate fle. o

2. ' The apparatus according to claim 1, futther comprieing:

\J



dat abase conponent—H-e—information—secti on conprising a source type ID, 20

versi on of, the dat jle, line indicator status, case .
fndicator, and naﬁ@iﬂﬂ@iﬁ&ﬁ@' lsource file is created In; source nane
sectign conprising essource file; referenced file section

conprising the nanmes of the referenced fil e's,33synbol ~tabl e section
conprising-a table of synbols contained In 25 the source file and the |ine
nunber (s) of the source fiMeansiaegenesaling anindex file forial deast ane database c t abl e -

section conprising a_recor pe.,l |l ine nu r apd, seqantic. tag for each
line of text; and Ii W‘ﬁ@ﬂ!f‘%%ﬁ?ﬁ@ﬁ*é‘@cﬂﬁ%ﬁgm sm'bqsi?ﬂ%thﬁnber,
line I ength, hash 3 g% | ¢ ety olcgtcll s of text In
t he source file. Onwgﬁbm : Bﬁg(égg%spg@us aggo @lixr’lg to'écI aim1, wherein

the neans for searching the file systemfor a database conponent file wll
search the current workin ry and any directories an

di t d
sub-director®es spechfie PW fding;to claiat 2, fyrthercomnsisingaimeans fos
f | fl di t | ai
Wt o -t he. APRSIFe Qb 51 8t B ote symbofeagh S o7 oq 1P O Fhe
neans for searching the imddnsIuEietiowiry theIndex MR tifeaictivehte bhﬂlé%xtrﬁok

system for a database conponent file having the sane 10 nane as t
gener at ed dat abase conpoHdan odourrencaokthe Bymbolis lound in the index ilepmeangforo

O e e it bbHae Bbbair B Jonl et e sodehie sy
acoor ding. t W cral m YL B R, 1 Bpntfy the e firot i 8Fsouoe o Where e 21 15
symbol occurs; -
means for rétrieving the line of text in the source file where the
symbol occurs Iidentified by the means for reviewing the database
- component file and providing the line of text to the user as a response to

16  the query.

4,  The apparatus according fo claim 1, wherein the database
component file further comptises:
database componént file information section comprising a source type ID,
20 version of the database component file, line indicator status, case indicator, and
U name of language the scurce file is created in; |
| source name saullon' comptising the name of the source file;
referenced file section comptising the names of the referenced files;

. symbol table section eomprlslng'a table of symbols contained in
25  the source file and the line number(s) of the source file where each symbol is
located; ' ' '

symantic table section comprising & record type 1D, line number and
semaniic fag for each line of text; and o
~ tine identification section comprising the line number, line length, hash
30 value and inactive Indicator of each line of text in the source file.



an |rdex 1o The—database conponent files |ocated within the sane
sub-di'rec e Index file. 20 9. The apparatus according to claim
7, wherei m@i Iﬁ,ﬂory conpri si ng database conmponent fil-es.is naned,
[current ft b where [current file directory] is the dlrecto,t:)y
path nane for the di rectory 25 containing the source and .sb is the - A
sub-directory Identifier. 10. The apparatus ac88reing to claim 2, wher ei o
t he dat abase conponent file for a source fileis located In a directory.
separate fromthe directory where the source file |Is boated. 30 35 11.

The apparatus accor 8§ ng The apparatus accairliagdo claimd . swherela the meansfaent il e I's
| ocated In a dit fie d direc | Sti rovided to
the col |l ector ﬁggwg'?"q\sltgﬁgﬁ @E’Mﬁ"?ﬁ#@%‘?ﬁw ’E‘N’W&i B@M“ Fg?'ﬁﬁq file
names and the lyaGRl 84" ahd

conponent file narrehg%%& ?’ﬁ% apggrigtt%ﬁs accgggﬂﬁgagbmﬁlwmggm
the second 8i r dising gnd provided 1o the means:tor searching dhiefilersysteat) fi |l e t he

col l ector neans refers to when generating the database conmponent file. 10
13. The apparatus according to claim11, wherein the hash value is conputed

apparatus of claim F wiiHEadheriiby'sRodrdipag IR vafeFRG 160 burbo el s, 1c
generates the hgsdfed i ¢ gredstorMined e, e means for searching the file system refers to
when searching the file syslem for a database component: file having the same
10 " name as the generated database component file name. _ .
7. The apparatus according to clalm 1, where In the database
oomponanl file for a source file Is located in a sub-directory of the directory
where the source file is located and Is identified by a pre-determined sub-
15 directory name.

8.  The apparatus according {o claiin 7, wherein the index file provides
an index to the database eomponent files located within the same sub-directoty
as the index file. ' ' '

9. The apparatus according to claim 7, whereln said sub-directory U
eompﬂslng databasa component files is named,
-fcutrent file directory)/.sb
where [current file dlrectory] Is the dlredory path name for the direciory
25 containing ihe source and .sb Is the sub-dirsctory identier.

10.. The appafalus aeeordlng o clalm 2, wherein the database
eomponent file for a source file is fbcated in a dlrec!ory separate from the
» + directory where the source file Is focated:
30



the hash val ue generated for the d se conponent file Information

section conprising thelﬂ““““‘!“lﬁuﬂ‘ﬁﬁg predet er m ned nunber of bytes in
t he dat.abase conponent e ID, the major and m nor version
nunbexs of the file, line I'ndicator and case BSdicator and each character
conprising the 20 nane of the | anguage the source Is witten In; the hash

val ue generated for t{g S e e pariitis ?ﬁhﬂﬁ@t&eﬂnﬁ'iﬁ' ﬂﬂe?eﬁﬁhﬁlﬂgéi{’ #he val ue

of each character of the file nane o ource f|1e

generated for theomporent filecis iocated MUIMOWMMNMOMIGN&OW“EW@' ues
of the names of the ferenced files; t he hash val ue generated for

the synbol tabl ePt¥idedda %Rﬂh@fdﬂeﬁﬂﬁesﬂ‘dmﬂdMawwmmmthIMSomers

conprising the s ash val rated for
the semantic tabr'gt}ggc&t |%mgr@¥p§8bﬁ@% EXﬁW'BP? P@PQ BS®D, |ine
nunber and se§rangdmipdrint filenafm@h synbol reference; and -36- the hash

val ue generated for the line identification section conprising the sum of
the |ine nunber, line length, hash value and Inactive indicator of each

l.i ne of text Inthesurc flle a ra according to claim 2,
said browser means fu he 9@%’@'& W&P%ﬁqﬂwfﬂ@a‘hg semﬁﬂ'saqﬂgy
‘nmeans for conpar Redted %&H? maxi nmum
I ndex file size; ﬁé{lﬂgw %Q e Si ze'“#éaﬁ!%?g&%ﬂg'ﬂégqg%@at er

t han or equal tméﬂmthw«hﬂhtabadtmmpbmmmm means for establishing a

first sub-directory conprising database conponent files which have not
changed subs@]uent to a prior

— 13. The apparatus according to claim 1, wherein the hash value is
computed according to the sum of the bytes in the database component file.

14. The apparatus of claim 4, wherein said means for déiiératlng the
15 hash vaiue generates the hash value as the sum of:
the hash value generated for the database component file information
section comprising the sum of the first predetermined number of bytes in the
database comiponent file, source type ID, the major and minor version humbers of
the file, line Indicator and case Indicalor and each character comprising the
20 name of the language the source is written in; |
( S  the hash value generated for the source hame section oomprislnd the sum
of the value of each character of the file name of the source file;
the hash value generated for the referenced flle section comprising the
sum of the values of the names of the referenced files;
28 ~ the hash value generated fot the symbol table section comprising the sum
of the values of the characters comprising the symbols in the symbol table;
. the hash value generated for the semantic table section comprising the
“sum of the record type ID, line number and semantic tag for each symbol
reference; and |



generatlon of t e index file generated prior; 15
nmeans for establi econd sub-directory conprising database conponent
files which have ﬂg B%HB! t to a prior generation of the |Index:

r mreans to generate a now Index file only
ave changed 3@ibsequent to the prior 20 N

EDR

file; means to c
for those source files mhlch
generation, of the Index file; whereby the size of the Index files generated

are mai ntai ned belo m% |

decrease I n pr ocessmgmggeed ue to gfé‘éﬁg%ﬁgﬂweﬁar ge. Iﬁdgﬁeﬁﬂﬁ?hqthe

16. In a conpusem ulyhn lime nnmbelr. dine dangtiCiNash Wtdﬁluﬂheﬁnd@oaﬂha&%y
containing a filege stem sai 8 file systemconprising at | east .one source
file conpri si ngo'c'Q 9. 1 or generating a database conprising at

. bast one dat abase corrponent f| | e derived fromthe source files such that

{ one databaseg30 conponent file Is generated for each unique source file .
regardl ess of the nunber of copies of the source file occurring In the file

| systems, said procests,corhei igppagtag according totlaim 2, sdid brawser nedansduthetni que
name for the database conponent fi'le, said nane generated by concatenating

the source fil ecomptsing aispiit functionmeans camprisingl according to the contents
of the database conponen i nt f.the d ase
conponent fil e changes, wnﬁjgrh%&%tuﬁ'épg’eﬁ‘gﬂ : ‘g%'a"a"'?ﬂ

dat abase corrponm";d,{,ﬁ,dggmg@ generated; searching the file systemfor a
dat abase conponent tile havin the same nane as the gener at ed dat abase

conponent fi@e nane; if the slze of the index file is grealer than or equal {o the maximum
index file size; ' - U
| means for establishing a first sub—dlrectcty comprising |
_database componenl files which have not changed subsequent to a prior
. generation of the index file and the index file genara!ed prior;

15 means for establishlng a second sub—directory comprising
database oomponent files which have changod subsequent {o a prior genetatlon |
of the Index file;
| means o control said browser means 1o generate a new
lndex file only for those source files which have changed subsequent to the pﬂor .

. 20 generation of the index file; :
whereby the size of the index files genetated are maintained below the
maxlmum index file size thereby preventing decrease In processing speed due 1o
the generauon of large index files.

-/

25 o
| 16. ' In a compuler system comprising & CPU, input/oulput means and

memoty containing a file system, said file system comptising at least one source

file eompnslng toxt, & proeass for generating a database eomprlslnq at least one

databasé component file derived from the source files such that one database

30 component file Is generated for each unique source file regardlsss of the number
of coples of the source file occurring In the file system, sald process comprising
the steps of:



o . [

| f a database conponent file having the sanme name—as the generated dat abase
conponent file nane does not exist in the file syst ratl ng
A dat abase conponent file for the source file conprlmllmmulusﬂlll

synbols and |ine nunmbers In the source file_wh ve M OCCUIS

whereBy if a database file having the sarfe 34ame as the gener at ed dat abase
file name .exi sts, a database conponent file Is not generated thereby 15

el i minating the dupl i cat ﬂfbt&ﬁnqjéhﬁhﬁé%ampmmmibdsa%omnbhﬁllé.yswdfm

usage required to wite he du cate file. 17 The process according to
claim 16, further cuamagnmgpleﬂbymepataﬁaﬂmdhesaﬂmgleammadﬁthahash yajue at

I d b f dex fil

Iieting of lii;“yﬁbﬁfi SARSPUIRG Srenisin to e contentsidlthe dAiSBHSR EOMPPRSTNS, sy oo
| Th ' h

gtcgggsfop perform ﬁgﬁ{g?%&éf&lﬁc&ﬁiwﬁ %@%%M%’Mﬁ%?@bmﬁ ©

reviewi ng thge I ndex vﬁlubQ:hEﬁg §Hﬁu amb"réﬂmmebbmpwmdne nafeds generatedence
of the synmbol is found In the index e, review ng the database co onent

file, the Index file speseﬁrchieglheﬁleﬂdem fpbaldstablm MPMM%/ avirg thene

nunber In the source file mher he S ccurs iLng . the line of
text In the source ﬁFF'@'WR—R%’ %Qaﬂe “"8\“8 Yified by

reviewing the database cqynfiighdse f&h@gﬁ@ﬂﬂﬁ%ﬁ!ﬁﬁ shhii Admi€ a8thd ext to the
user as a response to tHe query. An “apparatus for generating a

dat abase substanti aIgbneahMabadnedompoMabiﬂa iname dods not existindbe file slyelem
generating a database substa ée
10 generating a tabase component file for the soutrce file comprlslng a
listing of symbols and fine humbers in the soutce file where the symbol
occurs; '
whereby If a database file having the same name as the generated
database file name exists, a database component file is hot generated thereby
16 ellmlhallng the duplication of database component files and the system usage ‘.

required to write the duplicate file.

17. Tﬁe process aooordlnd {o claim 16, further comprising the step of:
' generating an index file for at least one database component flle,
20 sald Index file comprising & listing of symbols and the name of the
N | database component file the symbol occurs In.
18. The process aceor_&lng 'to' claim 17, futther comptising the steps for
_ performing a query for at least one symbol comprising:
26 " reviewing the Index file for the ocourrence of the symbol;

" ah occurrence of the symbol Is found In the index file, reviewing
the database component file, the index file specifies the symbol to be in, to
identily the fine number in the source file where the symbol occurs;

refitving the line-of text In the source file where the symbol ocours

30 identified by reviewing the ditabase component file and providing the line
. oftexttothe userasa response 1o the query.



as hereinbefore described with reference to the acconpanying draw ngs.
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8

19, An apparatus for geﬁe;ating a database substantially
as hereinbefore described. - |

20. A process for'general:ing a database substantially
as hereinbefore descriped with reference to the accompanying
drawings.

“



