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DESCRI PTI ON  STRI NG MATCHI NG SYSTEM AND PROGRAM
THEREFOR TECHNI CAL FI ELD [0001] 5 The present
invention relates to technol ogies for matching
characters in a sentence with a pattern designated
based on regul ar expressions. BACKGROUND ART [0002]
In recent years, docunent digitization has been in
progress in a variety 10 of fields, thus leading to
requests for a net hDESECREPTEON vel y searching
docunents. A nethod of searching includes.that of

MateRNIGA ECHENS: SV ST EMOANTEFROGRAM THEREFOR
desi gnat ed based on regul ar expressions. The regular

expressi ons, whi chrpeeNSEtALOFTRLIDY, €.9., Non-Patent
Docunent 1, are notation that represents a class of

[04)(21 guages as referred to as regular 15 | anguages. It
Il known in the art that a string matching '

t ni gue in__whi.ch t I | ar j :

oot B Pt Thgn st ied B8 LenoTeb gl B diaffters in

finite aytomaton). [0003 he strin t chi .
a JIURRAFS Wathhy Haﬁ@)r Sﬂ%n%tsg@]ﬂ%a&ﬁ‘ el FRgionsy

state transition pachi u ton). The state

transition machi @A%@?&Qﬁg{@sf&ﬁ%ﬁt ate and a state

transition function. The state transition function is
[0802Zlincti on that determines the next state with respect

to a current state and input characters. In the,. )

st In necemtityehi s glocuotenitaligitizgsition hasbeeyr i progress ap@ variety

transition machi ne reads i nput text on_a character-by '
of Treldhabmstlead ingsiosseqarstanik esmathodnfeffeciveln searchingt

state obtained by 1 _ _
documents. A method of searching includes that of matching characters in a
document with a pattern designated based on regular expressions. The
regular expressions, which are set forth in, e.g., Non-Patent Document 1,
are notation that represents a class of languages as referred to as regular
languages. It is well known in the art that a string matching technique in

which the regular expressions are used as search conditions is based on a

DFA (deterministic finite automaton).

- [o003]

The string matching technique by the DFA is based upon a model of a
state transition machine (an automaton). The state transition machine
incorporates a state and a state transition function. The state transition
function is a-function that determines the next state with respect to a
current state and input characters. In the string matching technique using
the DFA, the state transition machine reads input text on a character-by-

character basis, and makes a transition to the next state obtained by
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applying the state transition function to a
current-state and input- characters tuple. This nethod
allows matching to be performed by scanning the text
only once w thout backtracking, thereby enabling
hi gh-speed string matching to be perforned. Wen
mat chi ng based on a plurality of conditions 5 is
performed, a finite automaton (More machine) w th
applyimgithe staik $vansitipndyodtiendh a drrentistapranddngipanded
and the output is defined for each state in order to
chaliasténsguipsh s dié¢thodsallovdem atbhinlg todiecprinforrhed by scanning
successfully been performed. [0004] 10 Wiile a DFA
thetaattonly ansd Withoutbaekiitking, ddleesby ewesblhys higlegpdeat string
expression that is to be a matching condition, there
m e eRbApHTOaREY WhehahtéldnRdaaed loy £pTweRlikS of conditions
regular expression into an NFA (nondeterm nistic

is %&beﬁ\;\%@%ﬁm tloﬁibgoﬁi(%otrg nA¥ifine) WithUsdtpult it aldohe

1
IS we nown and set forth in, e.g.,

emyg Pl G %l@%ﬁﬁg%]lﬁ e B?mfié& 1,09 IR ARpAPisdefined for each

ni que as a fteature that provides

hi gh- speed processi;n which, in contr : ai sed
stalfe SRR HisRRMI undifiing lndel b AR} chifg hal

aCh\i‘gﬁlﬁr :qu} he gFA s&at e transition function tends to
SUGFESTNOPHTE P§OUIBEY A mat ching condition shown in -
[ Fig. 52, which is disclosed in Patent 20 Docunent 3,
04041t aken as an exanple. Shown in Fig. 53 are, in a

finite automaton with conventional output, a fail %d

f IKBilpanDERastate transitipn dunetion 1s datsraipad by-4 geeular

generated from.the matchi ng condition shown in Fig.
expression thatiis tokg a maéchingrconditgen, thege hagheen procedure

retains 90 different tuples with respect tg the state, .
thateseporstily gonverts irogulaly expressior ippsan hHEY Snerdeferpanistic

enerated. 2
ﬁn?te automaton) and then the NFA, in turn, into the DFA, which is well
known and set forth in, e.g., Non-Patent Document 1. The string matching
technique by the DFA has a feature that provides high-speed processing,
which, in contrast, has raised a drawback in that a state transition table for
achieving the DFA state transition function tends to be enormous. -

{oo05]

A matching condition shown in Fig. 52, which is disclosed in Patent
Document 3, is taken as an example. Shown in Fig. 53 are, in a finite
automaton with conventional output, a failed function and a state transition
table that are generated from the matching condition shown in Fig. 52. In
this way, the state transition table that retains 90 different tuples with

respect to the state number of 18 and five character-kinds, needs to be

generated.
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[0006] As a nethod to solve such problem Patent
Docunent 1 and Patent Docunent 2 illustrate a nethod
of reducing nenory capacity in the state transition
tabl e, by renoving, after converting into the DFA the
state 5 transition table based upon the
AC( Aho- Cor asi ck) technique, fromthe state transition
table the transition operations to an initial state
[008AH its next state. The string matching techni ques
shown in Patent Docunent 1 and Patent Docunent 2,
hAsey erethod és solve smehriroblergelatealt Degyument &apdeBationd
to be a matching target because of the matching target
Dobenagt Riiltubtdté a rhettad oflfdsicingmensyrworapacitiyG@the stBte
defining the failed function in the DFA, Patent

traRSRWIETHbIS, Y %obﬂ% affe® ToAvERIN® thtefthecdFal ti@ dthee
state transition tab The met hod shown in Patent

traggﬁgi}?fﬁblg’ HABYd uPoAARR AGELRe-TRTMIEL) fhcRRAY e fréml fhierRate

transition’in a state in which the transition

trav\gfté@? Eep)rlg Eg? ttf%ﬁsfhflgxlo&)@amg l(ti@ AnfiHnedl 99:d AnALRehext

o re CO I'n sone situations
et ot H%%tghfnzé@ecﬁg%@f 5 Bl SR PR agsH el
{ {
e LR o o 551 i o

condition shown in Fig. s di sc] ase
to b AdRAtCIIRE tREGRL bgcanse o lis hiag C{% Higiibed o fixed
Fig. 54 are the failed functlon and the state

strm&kgwr)rflﬁ tabl e that are generated fromthe matching
condition in Fig.52, which is disclosed in Patent
[068@liment 3. 25 [0009] 3

By defining the failed function in the DFA, Patent Document 3 also
indicates a method of reducing the state transition table. The method shown
in Patent Document 3 may in some cases result in another failure of
transition in a state in which the transition has been once made by the
failed function—in other words, transition failure could in some situations
chain-react. In such a case, a problem has been that there is a need for
references to be repeatedly made to the failed function, thus resulting in the
matching speed being reduced.

[0008] |

The matching condition shown in Fig. 52, which is disclosed in Patent
Document 3, is taken as an example. Shown in Fig. 54 are the failed
function and the state transition table that are generated from the matching
condition in Fig.52? which is disclosed in Patent Document 3.

[0009] |



10

15

20

25

A case where the matching condition is that shown in
Fig. 52 and an input string consists of "aaca," is
taken as an exanple. [00101 The nethod disclosed in
Pat ent Docunent 3 first initializes a state to 5
State 1. Next, a first character "a" is read, the
state makes a transition to State 3 as indicated in
the columm of the input character_"a" in the_line of
stéAtcape wherpdhe matehingeendition isdbrbshowann Bet i pgd an
character "d' is read, in a simlar fashion, the
inputsErinmkomgjsts afr” ansi,! intaltanas Shaxenpleo State 6.
Then, reading the third character "d' results in the
[081@k e making a transition from 10 State 6 to State
10. Since, when a fourth character "a" appears next,

hoVky efiethbl &1 6c1630dSInSP Atk it BéGEIhe9N3 $iest inieialiass a state to
corresponding to the character "a," the state first

StaBK eSNaxt,ANsdtl dHaRab@r Stezal@resa& hBE ststelfked haRShitdM to
destination when the state fail's inits transition to

St§Eéa§ea.s]191d1c g&'& LD BREREIGm R B BHS r}gllta&ﬁrgctré?s‘ a"®n the line of

transition destination correspo ng to 15

St%b@f Wﬁf E}ﬁé sta%% tra{rﬂs?nﬁﬁ %L?l % é? tﬁx?fqa{&f\?%&rt %’ gg ?t{efc} in a

transi i na en th
n|t tranS|t|onto Stat he, f
sittftar Tagflionn et S0 lePe s s foy Fombatates to Stgie6 Then,
aracte ts,i,n St t her cause
ro§elE ﬁ%eo{mﬁisharﬁ%sﬁ‘ e ﬁanébsetatf afifie S beinfigion from
tra Slt on dﬁ%t“ﬁatl n estateja,llsmlts 20
State Adptate 4 W enm vrra charagter 2 QRRears negby o
exists State of the  transition destinatign
%’%ﬁ%@sﬂ%ﬁfﬁ.%ﬁtﬁ gortmansifionadesination crxagpanslingdodhy; e
transitioning to State 3. As described aboy four
cheragter g, the atatsrfrssmeaksrcagranstiondositatadthahis then
table and their state transitions, are nade with
transipion: dessinationwhanithe statehiailsondts tramsinon so Statesl®
total of seven tines of 25 the state transition with
Fuyntbpewore, because Statetd baanadransitionrdeshinatimmenrespanding to
the character “a,” the state makes a transition to State 2, which is the
transition destination when the state fails in its transition to State 5.

However, the fact that no transition destination corresponding to the

© 9

character exists in State 2, either causes the state to make a transition
to State 1, which is the transition destination when the state fails in its
transition to State 2. The fact that in State 1 there exists State 3 of the
transition destination corresponding to the character “2” leads to the state
transitioning to State 3. As described above, four times in total of references
to the state transition table and their state transitions, are made with

respect to a fourth input character, which requires a total of seven times of

the state transition with respect to four input characters. In this manner,
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the nethod according to Patent Docunent 3 may in sone
cases repeat failures in state transitions and
requires naking a reference to a transition
destination for every failure of the transition. A
probl em has been that, for this reason, the frequency
of references of the state transition table 5

i ncreases, which results in matching performnce
degradation. [0011] Non-Patent Docunent 1 E. J.
Hopcroft, D. J. Ul man, "Formal Languages and their

e B OB AT Ruitd SRRt pEEURAE R LB et Res Rpeat

tjmmesqatst%@ tn%misitioagtasdrreaou@éb m@am@& reﬁ’atgane tddadramsition2
apanese nexam ne tent atl 0
SeDnATOn Gy ML Talre BLiG S tBN & Prabasaas bRa It fen
@é ﬁéﬁgoﬁr\ﬂg I\%&%%‘F bdtb k8 Bf wéaszt%&ﬁuoruas&osURE

roblemthat the Invention is to
Boreasies, wb@nzr]esmmempnet@ém perfasmeanee degragiatieBt ed to
fog:],l\ﬁg t he above descri bed problem 20 and an object is
duce nenory capacity needed to store a state
t r angobiFatenttddugnawttth respect to string matching in

whi ch re lar ex Sj ons e used tchl ng
gor’ldHPP : D éo‘a!@T‘a“ %Iﬂ“@@tes |""§1%i th BrdPence

?\g a@f’»Amsﬁ{wé|éyg@gg;| on due to a 25 tranS|t| on
ailureis limted to two or |ess per character, and

per f BateahBPecsment 1
Japanese Unexamined Patent Application Publication 2004-103035

Patent Document 2
Japanese Unexamined Patent Application Publication 2004-103034

Patent Document 3
Japanese Unexamined Patent Application Publication 1995-129369

DISCLOSURE OF THE INVENTION
[Problem that the Invention is to Solve]
[0012]

The present invention is directed to solve the above described problem
and an object is to reduce memory capacity needed to store a state transition
table with respect to string matching in which regular expressions are used
as the matching conditions.

[0013]
Another object is that a reference count of the state transition due to a

transition failure is limited to two or less per character, and performance
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degradation due to repeated transition failures is
prevented, thus enabling high speed string matching
to be perfornmed. [Means for Solving the Probleni
[0014] 5 A string matching system associated with the
present invention conprises a state transition table
generator that generates a state transition table

based. on, mat chi ng, condi tions .descri.bed in regul ar .
deTARAEIOT dato RPCHIAY LEROSLAOR F RS IR PraiEed thils enabling
.transition accordin oth state transition table
hlg%:e?ngeg{%am;gyn@p@ugg P PetRAHY ¢S t abl e generator; if
no 10 next-transition d(fsti nation with respect to a
[Meansfor-Solving thedProbdem! characters tuple exists in
the state transition table generated based on the
(0014 chi ng conditions, the automaton makes a transition
back to its initial state wi thout proceeding to read
t ha stoing mabehingtssstem [dsbbdatal witli tie present irrgntiolb
[0015] A string matchi ng system associated with the

corRpHSesh staeeFhhsRionC&NE igsadratos thdiegdnarased agratieabl e
generator that generates a state transition table

traR@fech PableWachd B8 AafHihkBRAHEGH ddReibel ihg@gubdr
expressions, as well as an automaton that makes a

expre8BRhk! %@g}?ﬁ%}gﬁ B985 200 bkt ALB NSRS hbédBid 28 iﬁfle

generate state transition table generator;

o S SHE AR PO B SRR forator o
ek SRS S e R 80 Bt
el S8 R BRI B B o
mai!:t g%%()té@{lorsl%ac & avl\ﬁtggnoa gn%gﬁgseg itlr‘]aqnstigoxrl%aa%kttg%tsi Rtk
state without proceeding to read the input characters.

[Effects of the Invention]

[0015]

A string matching system associated with the present invention
comprises a state transition table generator that generates a state
transition table based on matching conditions described in regular
expressions, as well as an automaton that makes a transition according to
the state transition table generated by the state transition table generator; -
if no next transition destination with respect to a current-state and input-
characters tuple exists in the state transition table geherated based on the

matching conditions, memory capacity needed to store the state transition

table can be reduced in such a way that the automaton makes a transition

back to its initial state without proceeding to read the input characters.
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BRI EF DESCRI PTI ON OF DRAWNGS [00161 Fig. 1 is an
explanatory diagramillustrating a configuration of a
string matching system 5 Fig. 2 is an explanatory
diagramillustrating a configuration of matching
conditions 2; Fig. 3 is an explanatory view
illustrating a configuration of a condition equation

17; Fig. 4 is_an _explanatory diagram.j trating a
confi gur at i BRIBF %Eépﬁlg’l‘tlpiﬁﬂgli‘ %&AW&Hnggener ator 3;
Fig. 5is an 10 explanatory diagramillustrating a

[0 figuration of a state transition table storage 4;
Fig. 6 is an explanatory diagramillustrating a )
cdrigi §us ahiexplaiatany doagmam illadtkating ar cgdigiirakiog. of a $tging
an explanatory diagramillustrating a configuration

mechind®fstbinng result 10; Fig. 8 is a flowhart
illustrating 15 the operation of the string nmatching

SYBizeMis Eh@xphdatoty HisnehailudtrhtifipraAéddiigwerationmif e
operation of the matching conditions; Fig. 10 is a

m%ﬂcﬁp{%@gﬁdiﬁbhg%rati ng a procedure for adding a
all e

transition to an initial state; Fig. 11 is a
fl i ' . ' e
t & fed B0 Eh bl WP sGAERNES LRGN HiE condition
{sts 0o t it dest i . _ it al
cafRliPh Whcea ok Lty e Ergetdy Heh A Tldpiat ' ®
i Llustrati d. f ddi t f aj.l -
cot BB SAAPY PR BLSE I (e B oL B, Bl op
{?ansiti n destination from _the j.niti.al s

at e based
it finepemE ot At ipg AEoREERERPE Of I 1aH% ARG table

procedure for renoving a 7
storage 4;

Fig. 6 is an explanatory diagram illustrating a configuration of an
output table storage 5; Fig. 7 is an explanatory diagram illustrating a
configuration of a matching result 10; Fig. 8 is a flowchart illustrating
the operation of the string matching system;

Fig. 9is a flowchart illustrating a compile operation of the matching
conditions; Fig. 10 is a flowchart illustrating a procedure for adding a
failed transition to an initial st;até;r

Fig. 11 is a flowchart illustrating a procedure for adding the failed
transition to the initial state (if there exists no transition destination from
the initial state based on oany);

Fig. 12 is a flowchart illustrating a procedure for adding the failed
transition to the initial state (if there exists a transition destination from
the initial state based on Gany);

Fig. 13 is a flowchart illustrating a procedure for removing a
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nondetermnistic transition; Fig. 14 is a flowhart
illustrating a procedure for initializing a state set;
Fig. 15 is a flowhart illustrating a procedure for
renoving the nondetermnistic transition associ ated
with 5 Fig. 16 is a flowhart illustrating a procedure
for renoving the nondetermnistic transition
associated with weber Fig. 17 is a fl owhart
nongi¢tesmipistisgrangitioBedur e for generating a new state;

Fi&g. 18 is a flowchart illustrating a procedure for )
cdnigett ing flowshareillugrating i piooed inesied iniadmng a state set;
Fig. 19 is a flowhart illustrating a procedure for

r drgvimgs aflowchsaedillsttasBng B proc@duiesfon rénowting the
illustrating a procedure for renoving a redundant

nofd@leeimidfstici tfanditionsassotiaowd bdth 5 | l ustrating a
procedure for renoving a redundant state transition;

Fillg. 28id & Rwchaye idtratihp sl pfcbd@redfop refRAMhE thOT
generating a state transition table and an out put

noh@&e®: iﬁisg'%cotrggnéﬁioﬁ adsoPEDa it lgl ystrating a

procedur e mat chi ng an 1 nput ocunent ; Fi g. 24 is

R AT PRSI Etn b R o E RO R P18 a new

sta%é,pl ai ning replacenent of a netacharacter Fig. 26 is
a state diagram for explaining an NFA incl uding

oG Wi Btouchiat sy Pahible Birthfire ot ofechielh S
tre\%}%éﬁlilgg{bﬁégq éﬁlcg@%at e diagram for explaining a case

Fig. 19 is a flowchart illustrating a procedure for removing an unused
state;

Fig. 20 is a flowchart illustrating a procedure for removing a redundant
state;

Fig. 21 is a flowchart illustrating a procedure for removing a redundant
state transition; Fig. 22 is a flowchart illustrating a procedure for
generating a state transition table and an output table; Fig.23is a
flowchart illustrating a procedure for matching an input document; - Fig.

@ .
o

24 is a state diagram for explaining replacement of a metacharacter
Fig. 25 is a state diagram for explaining replacement of a
metach:;}racter “
Fig. 26 is a state diagram for explaining an NFA including & transitions
to the initial state;

Fig. 27 is a state diagram for explaining omission of the € transitions;

Fig. 28 is a state diagram for explaining a case where the failed -
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transition needs to be added; Fig. 29 is a state
di agram for explaining addition of the failed
transition; Fig. 30 is a state diagram for explaining
a case where there exists a 5 transition fromthe
initial state based on any; Fig. 31 is a state diagram
for explaining addition of the failed transition in
the case where there exists the transition to the
trangitiompeedsteboaddadon 0y Fig. 32 is a state diagram
for explaining renoval of a nonderem nistic 10,
t Bigs2Y ioa stdtefdingramnfov akplaiming addtion of thedfaded
di agram for explaining the renoval of the
transitden;eni ni stic transition (after renoval); Fig. 34 is
a state diagramfor explaining renoval of another
NEFIGES@ N AistdteCdibgaamai for eRpldiniy & casnmbhalry thdfe &tigts a
35 1s a state diagram for explaining the renoval of
trARLAE Fron? PRE SRRIHINLREd BadedadiP bl j,on (after renoval);
Fig. 36 is a state diagramfor explaining renoval of
stpik! 3k L Rk Sidifi itfd nsition
; i TR HFive Q9RPERCAE Pl MMoRAY (aTaReR trans
in $0€ L &DYEL a;%r%té}!iéts%%ttggﬁ@i%g BAMLETALEH fased on cuy
tranS|t|on9(a errenoval); Frg. 38 1s a state diagram
for explaining renoval of yet another nonderem nistic
transition (before renoval); Fig. 39 is a state

di | ai ni th : | of t L s

g )t 8P e D ST Lo S A28M B minic

Is.a stBate di agram,for explaining renoval of yet still
trapsafipp (befgre, serdavali ni stic transition (before

renoval ) ; . .
Fig. 33 )is a state diagram for explaining the removal of the

?

nondereministic transition (after removal);
Fig. 34 is a state diagram for explaining removal of another
nondereministic transition (before removal);

Fig. 35 is a state diagram for explaining the removal of another

-nondereministic transition (after removal);

Fig. 36 is a state diagram for explaining removal of still another
nondereministic transition (before removal);

Fig. 37 is a state diagram for explaining the removal of still another
nondereministic transition (after removal);

Fig. 38 is a state diagram for explaining removal of yet another
nondereministic transition (before removal);

Fig. 39 is a state diagram for explaihing the removal of yet another
nondereministic transition (after removal);

Fig. 40 is a state diagram for explaining removal of yet still another
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Fig. 41 is a state diagramfor explaining the renoval

of yet still another nonderem nistic transition

(after renoval); Fig. 42 is a state diagramfor

expl ai ni ng renoval of the redundant state 5

transition; Fig. 43 is a state diagram for expl aining

mergi ng of redundant states; Fig. 44 is an

expl anatory diagramillustrating a configuration of a
nomdereminiptcdmansition; (befare ramavallan expl anat ory di agram

illustrating a configuration of a state transition

t Bg.etl i gystadé disgram Sxpdxarlatmng the rdimagabof yet still another

illustrating an output table; Fig. 47 is an

noigddreanaistiotrahsigioantaifidrushidialng an operation exanpl e;
Fig. 48 is an explanatory diagramillustrating a

conf i Gifsa 5QRe Ahagda®n fé’@é:@ﬂlhﬁﬁn?&@ﬂidvia!l) Bf tHd BediRdrt state
an explanatory diagramillustrating a configuration

tra%itﬁd?ﬁ state transition table; 15 Fig. 50 is an
explanatory diagramillustrating a configuration of

g R e B ST R A

S VLIS, SO LA BRthr ARk B palpRaATerL
S RO RSN
BTN O RN v T -

_system 2 Matching conditions
diagram illustrating an output table;

Fig. 47 is an explanatory diagram illustrating an operation example;

Fig. 48 is an explanatory diagram illustrating a configuration of the
matching condition; Fig. 49 is an explanatory diagram illustrating a
configuration of the state transition table;

Fig. 50 is an explanatory diagram illustrating a configuration of the
output table; |

Fig. 51 is an explanatory diagram illustrating another operation
examﬁle;

Fig. 52 shows a matching condition as disclosed in Patent Document 3;

Fig. 53 is a conventional state transition table with output according to
Patent Document 3; and

Fig. 54 is a conventional state transition table and output table
according to Patent Document 3.

[Reference Numerals]

[0017]

10
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3 State transition table generator 4 State transition
table storage 5 Qutput table storage 6 | nput docunent
7 I nput character reader 8 SDFA autonaton 5 9 State
storage 10 Matching result 11 State transitions 12
Qut put descriptions 13 Current state 14 | nput
characters 15 Next state 16 Condition nunber 17
Condi ti on equation 18 Condition description 10 21

1 SBatiagtmarndiing epstieabl e gener at i%nMatehing cailPAsst at e
set 23 NFA state transition set 24 NFA state

3 dgsgle RhhoRiciPtabldgehtaiter set 26 StatettansiSon tablessorage
27 Qut put description set 31 Hash val ue cal cul ator 32

5 HeRRpuakaBledRorigd € transition daghppodoéwnents 34
Statg transition hash chain 35 State transition hash

t ‘ r 41 Condi ti®n SIFRHutbAGN 42
7 Cgﬁ%‘% F}g%agg%erzﬁ%gai n BEST MODE FOR C‘AI%RYI NG OUT THE

| ENTI.ON 20 [0018] Enbodi 1. L0, : i
Qe%ﬁg{%%t%?%e [ ] odi menyo1.E 1Ing resul"

diagramillustrating a con uration of a
string, matching system [0019],, 2 ' : ig.
111,5rt§t‘“sfrrainﬁ&1?1%‘i ching system 1, ‘Whi @Hl%{sﬁgéésd;%%ér}nl{n

the 11 present invention for tchin strin

13 adamirent gtategul ar expr essi on, n@él F%‘?'sa&ﬁaﬁﬁ‘i as a
mat ching result 10, as to whet heg %r aot sone

15s Nexfistaty 16 Condition number

17 Condition equétion 18 Condition description

21 State transition table generation control 22 NFA state set

23 NFA state transition set 24 NFA state description set

| 25 State set 26 State transition set.
27 Output description set 31 Hash value calculatolr
32 Hash value 33 State transition hash pointer
34 State transition hash chain 35 State transition hash table
36 Comparator 41 Condition number index

42 Condition number chain

BEST MODE FOR CARRYING OUT THE INVENTION

[0018]
Embodiment 1.
Fig. 1is an explanatory diagram illustrating a configuration of a string
matching system.
[0019]

Referring to Fig. 1, a string matching system 1, which is a system in the

11
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mat chi ng conditions 2 are contained in an input
docunent 6. The matching conditions 2 describe string
mat chi ng conditions, being inputted to the 5 string
mat chi ng system 1. A state transition generator 3
generates fromthe matching conditions 2 state
transitions 11 and output descriptions 12, delivering
themto a state transition table storage 4 and an
presendunveniior fosmatehjoes sringegainssayregniar expression,
transition storage retains a state- transition-11
delivprseoutpiué asiat matchizg resattolGges 6 whetdienorirud sontepsatisfying
10 descriptions 12. The input docurment 6 is a target
matehineainditiahs 2sadeccobtainsdt iahed inpAit dovpatiercth@rBled efatching
reader 7 extracts characters one by one, contained in

cohdigidnB R e 21BN Om a3ENADNANE IR Dl AP iip ehad 86 tIes S
14, to an SDFA automaton 8. The SDFA aut onat on 8

stiShgmeStcRine'syfBm §! Rts%atjee’trahgftfbr@%qéﬁéila@oﬂ@ %h%%ﬁes from the

recei ving 1nput characters 14 fromthe 1 nput

m&ALAFERAitBRT S stdte TR a}]g%%ﬁgo ogtﬁg g%g%xg}gﬁ%ﬁé §he

transition table storage
. h t ton. 8 rene the, current . st
defiBLifig tham {08 e R MRioR CPIEYERo6 4 it A8 b Elible
mat chi n result ~20. The state nepory 9 st.ores .a, state
St B8 B SRR B AL (T SBP A DR ALy AR tp B CcoREfer 1
10.sho t h tching result. Reference 20 Nuneral 11
transi R0, uble Tius Gt fahik fingade BurOne 1be ADRE
d i nput, - chgkﬁﬁ%ers- 14 and next-state-15 tuple. .
epgiRilent b2 NUhe iaputidocumpe G ig ataegetglacpipent that is to be
de}s%cr iption, is a current-state-13 and
matshed 2B ADPYhBeRracter Iader 7 weracts sharagtany ane by ane,
the current state; Reference Nuneral 14, the input
coptpaped i the impitedonwmeentuprseading themeasimputharaetesnd4, to
Ref erence Numeral 25 16, a condition nunmber. 12
an[YJoPd) autpmpton §. FhenSBER antamatond® atprasai durwent sitaiterd 3
~a configuration of the
1nto a state memory 9, receiving input characters 14 from the input
character reader 7. By making references to the state transition table
storage 4 and the output table storage 5, the automaton 8 renews the
current state 13 stored in the state memory 9 and outputs the matching
result 10. The state memory 9 stores a state retained inside the SDFA
automan 8. Reference Numeral 10 shows the matching result. Reference
Numeral 11 is the state transition, being a current-state-13, input-
characters-14 and next-state-15 tuple. Reference Numeral 12, which is the
output description, is a current-state-13 and condition-number-16 tuple.
Reference Numeral 13 is the current state; Reference Numeral 14, the input

characters; Reference Numeral 15, the next state; and Reference Numeral

16, a condition number.
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mat ching conditions 2 in the present invention.
Referring to the figure, a condition equation 17 is
an individual condition configuring the matching 5
conditions 2, in which one or a plurality of such
condition equations 17 is contained. [0021] Fig. 3
is a diagramillustrating a configuration of the
condition equation 17 in the present invention. The
[0026hdi ti on equationl7 is configured by the 10 condition
nunber 16, which is a nunber for uniquely
dF$g.i Dipuirs bikplgniahery dmgam dustrpting erconfiguration of the
condi tion description 18, which denotes matching
mateiidilconaftislase ih bR prosdricnvegtibar Refeprigsicothe 922
Fig. 4 is a diagramillustrating a configuration of a

corfmﬁlﬁﬁ R A2 Gi8RM 1 {50 Sndil A udl doRdité e eefighFivigtheqhatching
Referring to the figure, a state transition table

corl¥GhEY! 8{‘?@8&& bib o%Ja gﬂﬁhh% of ScPRSdtioAR uations 17 is

procedute I ‘generati state transition
cc)Iftener tion table. An NFA state set 22, an NFA state
FENSIti on set 23, an NFA out put description set 24, a
[O@ﬁlzte set 25, an output transition set 26, and a
te description set 27 are data to which the state

2Q.trapsition table eratlo nt r ol
- digr Sice d diagres Hloritgting 4 CoRNEHAL At the d‘s‘i’\%i‘i‘?ﬂ&qgﬁm“
exanpl e of aconflgurtlon of the transiti
17¢n, Eh@ PEesengga VNN, Wge sradifnn ?%%‘H?I?Lf ﬁ}yt the
the figure, Reference Nuneral 31 repre nts a ash
conditign rotnber 46owhicthisch nupsbarcfes mnégu%llmﬁéﬂnﬁ&! ng she
~ fromthe current state 13 and the i nput 13 characters
coniditiofeg uagiv, waldue ceaditipnadasgripsiono Lnfbu: nRjes matching

hash value calculator 31. A state transiti on hash
copbitionede8&ibed in thé regulaatexpregsien.a

[0022]

Fig. 4 is a diagram illustrating a configuration of a matching condition 3
in the present invention. Referring to the figure, a state transition table
generation control 21 controls an operational procedure for generating a
state transition generation table. An NFA state set 22, an NFA state
transition set 23, an NFA outp.ut description set 24, a state set 25, an output
transition set 26, and a state description set 27 are data to which the state
transition table generation control 21 makes reference.

[0023]

Fig. 5 is a diagram illustrating an example of a configuration of the
state transition table storage 4 in the present invention. Referring to the
figure, Reference Numeral 31 represents a hash value calculator, which .

computes a hash value 32 from the current state 13 and the input
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plurality of pointers of a state transition hash chain
34. The state transition hash chain 34 is a pointer,
current-state-13, input-character-14 and next 5
state-15 tuple thereto. A state transition hash table
35 is a data structure that is constituted of the
state transition hash pointer 33 and the state
transition hash chain 34. A conparator 36 conpares a
chargitersof4. &l lvuhagnyalust 32 & 4 3alencbmpptad ehagddedrashiealue
inputted fromoutside, with that of a current state
caltdbaten@li Apthte transdfien hadlllpodhier &3 ism tdbde shat stores a
transition 10 hash table 35, to output the next

pletalitg .of poAs)s ofh @tate transitiinalasithdinl®4. 'PlHd S@té transition
configuration of the output table storage 5 in the

haBh @B 347y ﬁrﬁdlﬂﬁrr é\lﬁ%ﬁgis%ﬁénlﬁ \URBSE- cth’e?c%ef‘-M%R{ Béxt-
a plurality of p0|ntersf a condition nunmber chai n.

stelfacLP Al chofk Bkt al P‘h‘ﬁ} st Eatelf B laBl Sgupture
thgt fg (I%?lr ﬁigﬁfed éﬁzxeqstté&gtr% Sﬁ?((%'rpll IS% HOH;]‘% %&{fﬁ]egstate

presen FAVeRt
nunber ,16.b

plt 10 i pelu h
trdtph b R e ARt b8 SonBalpe p (Rl PE Ry Frent
stig b o n§¥t'1f?4#§r‘ép@§§#?§ SRt & ntl'?)ﬁeﬁsiﬁét%mﬁaf@m@s

t hat aree in the follow ng explanation wll_be

cuppsR st oand o ppbeharagteracl 4hsigead fyHpgsiate transition

Non- Pat ent Documsnt 1 and the |like, a well-known. 14
haghttaplg 3f. deiomtpuhthenext shadeon with output is given by

atuple of (Q E, A S A, q), wiere Qs a state
[0@24]: E is an input al phabet, including an enpty

Fig. 6 is a diagram illustrating a configuration of the output table
storage 5 in the present invention. A condition number index 41 stores a
plurality of pointers for a condition number chain. The condition number
chain 42 is a pointer and condition-number-16 tuple therefor.

[0025]

Fig. 7 is a diagram illustrating an example of the matching result 10 in
the present invention. The matching result 10 includes the condition
number 16 by which the input document 6 has been successfully matched.
[0026]

Prior to explanations on the system’s operation of the present invention,
terms and symbols that are employed in the following explanation will be
described next.

[0027]

As is set forth in Non-Patent Document 1 and the like, a well-known
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character s; d is an output al phabet; S, a transition
function (Q xE-.Q; A, an output function (Q *d);
and g0, an initial state. 5 [0028] The SDFA aut omat on
8 of the present invention is given by a tuple of (
s, Es, 4s, Ss, As, q) [0029] Here, (sis the state
set 25, corresponding to the state set Qof the 10
conventional deterministic finite automaton wth
deteumpuistic[foOsoput@patil with owkRudHs ggvemby attyple of (@ % 4,9,
al phabet, is a set of sets of such condition nunbers
A, b, \ivhetehé?ie mbsidtarsets 2 sGABiHput BpBybéty inGuding anemapty
transition function to be inplenented by the state

chdradfisy & IPR driabhipitdphgbet) s, wheandibiondunction (Qare @3 4, an

Is gs, and the input characters 14 are o s, the next

oub;ﬁﬂtfﬁnéﬁoﬁ'@ AYtanld0 Joﬁnqelltla\t%tﬁtbls represented as
erel na?ter [0032] 20 Synbol gois the

[Odzlgptlal state, which neans the sane as that in the
| - known determnistic finite automaton with

DR A PAP Gt e bRy B GHIANE i BRGh 1y PREPEof
(@ %rz?%éﬁawéﬂ? onel 1inite aut omat on vi th outpul;
m%@@sﬁ is 15 represented that E S=Eu{bother}.

Here, Qsis the state set 25, corresponding to the state set & of the
conventional deterministic finite automaton with output.

[0030]

Symbol 4s, which is an output alphabet, is a set of sets of such condition
numbers 16 in the embodiment.
[0031]

Symbol Jsis a state transition function to be implemented by the state
transition table storage 4; when the current state 13 is gs, and the input
characters 14 are o, the next state 15 turn out to be gq, which is
represented as 8{gs, 09=gz hereinafter.

[0032]

Symbol gois the initial state, which means the same as that in the well-
known deterministic finite automaton with output.
[0033]

Symbol Z,is an extended input alphabet in which an arbitrary
character gzny and an exclusion character gosmer are added to the input

alphabet X in the conventional finite automaton with output, that is, it 1s
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Al so, when a8(gs, cs)gd, if the state transitions 11
is assigned as t, then, it is represented that
ttrans(gs, qd, a'). 5 [0035] A set of the state
transitions 11 in which the next state 15 exists with
respect to an input-character-14 and current-state-13
tuple, is referred to as the state transition set 26,
bei ng represented as T. Moreover, for the state
represestietli thiat st P aristgs oold}. 0' ), qs, qd, and 6s are
referred to as the start point, 10 the end point, and
{0gs4iransition character, respectively. Furthernore, a
function to give the start point of the state
t 2888, When ol gl, T LIMthe stBtedtranSititimeel 1 idwssintedas Bithen,
Destination; 'and the transition character, Char. Each
it i8frep &AL r . - Source(t),
it lg g%)estl lrt%% Flﬁ(ﬁ%ﬁﬁaéﬁ%@ﬁg%(t), and gi ven that,
[Od’fﬁ?n As(g)=r, the output descriptionl8 is d, it is 15
represented as d=desc(gs, r). [0036] A set of such

oyt put SCriptions. 12 i hi ' 3 .
o0 B RRGH G SR L B o REOEE} 1505308 e
referred.to as the, output , descriptiona.set 27 i.n
respgpf b ahbRuEehpacig hE Pod eRreRb i 1gehIE it Pdt o as
descriptiqn d=desg(gs, r), gsi eferred to as, an
thiBagb TR apen sFt ZarboueIaPToRatel £ BT Rorer the state
function giving the output state of }he output .
tregigdagR SIIGHIHs Sor &) offs G- BB a8y APETELICAT thestash Point,
giving the output result, as Result, and_ each of them
the end peints andaytegasyaorscharacter, saspgctrelyy K yrthermore, a
respecti _vel(té.g 25 [0037] 16 An NFA, which i sﬂ%;:ner at ed
funatidrhte givedbe start npantphthastate sraprion £is sefered B an
the present invention, is represented by a tuple of
Sou@id-Ahe eBd point, Destination; and the transition character, Char. Each
of them is represented.as g~Source(d), ga=Destinatior(t) and as=Chax(d),
and given that, when A{gs=r, the output descriptionl8 is 4| it is
represented as d=desclqs, 1).
[0036]

A set of such output descriptions 12 in which with respect to the current
state 13 an output alphabet ris not empty, is referred to as the output
description set 27, being represented as [. With respect to the output
description d=desdgs, D, gsis referred to as an output state; r, an output
result. Furthermore, a function giving the output state of the output
description dis referred to as State and a function giving the output result,

as Result, and each of them is represented as g—Stateld) and r=Resulf(d),

respectively.

[0037]

16



ds, Ss{NFA), AsNVFA), gO(NFA) ) [0038] 5 Here,

KNFA) represents the NFA state set 22; the state set 25
turns out to be a set of NFA state sets, i.e., when
the state set 25 is represented as Q there is a

rel ati onship that holds for Q=2QAFA). In order to
hereinafter distinguish an NFA state froma DFA
state, the NFA state is represented as QCNFA), and
tAve NRA] ivdlicls isagenerhtachim NAprassy ofEmerating FA
Synmbol 5S NFA), which is a state transition function

aut&hatée SNDAhel Sredentf vehtion, 6f represéntied Ly g suplenfdiGhnra), 2,
with respect to the input characters 14 the automaton

A, ggﬁ‘gﬁ%,@ MELPN to a next state based on o-swhen
the cur?é%aﬁl‘\llFA state 13 is J NFA). 15 [0040] Synbol

[OOﬁS;J{ NFA) is an output function of the NFA, and when the
current NFA state 13 is q(NFA), the fact that the

o488 BRI e R ot sypeaceasthods g
o R R SSASBUREL S, Vi el 25 00
oo 6T el WA B P Bcer
e St e a2 kS S TR o

state 17 transition 32 _is.represented as
guveg Nmdhe initiad gtatemf thgdVikkars denepy. A set of the NFA
state transition is referred to as an NFA state
[0089knsiti on set, being '

Symbol dswra), which is a state transition function of the NFA, i1s a
function of a set in a case where with respect to the input characters 14 the
automaton makes a transition to a next state based on ogswhen the current

-

NFA state 13 is gvra).
[0040]

Symbol Asnra)is an output function of the NFA, and when the current
NFA state 13 is qurw, the fact that the output alphabet turns out to be reds
is represented as ﬂ,g(NFA)((.)(NFA))=I'.

[0041]

Symbol 4 is a set of such condition numbers 16, and 25 is the extended
input alphabet, both of which mean the same as those in the SDFA
automaton of the present invention.

[0042]
Regarding the NFA state, its transition is defined as follows: when the

NFA state gaw~ra) has a relationship of qanra) € Xgsnra), o9, the NFA state

17
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represented as TNFA) Simlarly, with respect to the
state transition t(NFA) =trans(gs(NFA), gd(NFA), a),
g, (NFA) is referred to as the start point; gd(NFA),
the 5 end point; and 6S, the transition character.
Furthernore, a function giving the start point of the
state transition t(NFA) is referred to as Source, the
end point, as Destination; and the transition

tragtsaiion B&ris rapreSeated &Eadvrot traestyisry,r epres.end. il setsof the
gSs(NFA) =Source(t), gd(NFAFDestination(t), and

NTZ chte) tedhsition) is refddbdd o 46 aArNNBAstata terrgifib\seghding
out put - al phabet-r tuple is referred to as NFA out put

refiRs6htad 49 Tvsg. BemilaRBY, withe8specs (g $k&ktathtrandibtion fvra)
out put description 34 is assigned as d(NFA), which is

= tF SN E2EA, &f By, HNFARASAS (rgf\'%:r:eﬁl to b3 thé Q%‘ﬂ]ploirﬁ; sﬁmgf, the

t he out put” descriptions In an out put al phabet
enliolft: aptes TRE frcicipioh SRREEhe, TGS Hhfigfitn eifing
eGSR R B0 B b S et
poie), & A s el e Fngr AR o o etraPach pf phgm s
e R e )

eagh of themis represented as g(NFAFSt at e(d(NFA)) and

[OQ"( FAFResul t (d( NFA)). [0045] The description thus far
conpl etes explanati-ons of the terns and _ synbol s.

t Hen MA'%at@cwmané@uéwmlnmheWé%t&tqﬁ@md%Iag NFA
[0046] 18 Fig. 8 shows the operation of the string
outputcddsegipsios. €hiven shat,iwehem A ganra)-y e putput description 34
is assigned as divra), which is represented as divra=desdgsnra), D).
[0044]

A set of the output descriptions in which an output alphabet pis not
empty with respect to the NFA state 13, is referred to as the NFA output
description set 24, being represented as [knza). For the output description
divra=desd qiveay, D, guvrwis referred to as an output state; r, an output
result. Furthermore, a function giving the output s{:ate of the output
description dis referred to as State and a function giving the output result,
as Result, and each of them is represented as gura=Stateldnra) and
rvra=Result(dwra).

[0045]
The description thus far completes explanations of the terms and

symbols. In the next place, an operation will be described.

[0046]
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[0047] The string matching system 1 of the present
invention first receives the 5 matching conditions 2,
to execute process for generating with the state
transition table generator 3 the state transitions 11
and the output descriptions 12-i.e., a procedure of
conpiling a matching condition(Step 51). [0048] 10
Subsequently, the string matching systenil recejves the
i Apgt8 doewathe operatiemjobthastiring meadchinseysterr het &e
reader 7 and the SDFA automaton 8, sequentially
prez¢at uhwemtpomcedures for outputting the matching result
10 while making reference to the state transitions 11
focarTd t he output descriptions 12 (Step S52). 15 [0049]
It should be noted that although in the enbodi nent, a

PrOLEHY R RiatchiiBlRtd RAUSS GRCHEBEATL idveritbrDBrst receives the
performed once per "procedure of "conpile matching

ma%@?ﬂigﬁdﬁglgﬂvbo?ﬂf f&éf&u%@?ré)&‘-}%ltford CHEBRAIn SRt IDEhe state

respect to a plurality of I nput
. L h
AT PhAe SRS PSR ORI AR Kb S
d f. " il hi ng-: ditj "
deRisiiong £ erof BResetpye b Grmg it B pilsiig conditiiSiop
tching conditions" wll be described. 25 [0051] 19
5LFq begin with, based upon a procedure of "generate NFA

iz&gl uding s transitions,” the NFA including a
(00481 nsi ti ons are generated froma regul ar

Subsequently, the string matching system1 receives the input document
6, and by using the input character reader 7 and the SDFA automaton 8,
sequentially executes procedures for outputting the matching result 10
while making reference to the state transitions 11 and the output
descriptions 12 (Step S52).

[0049]

It should be noted that although in the embodiment, a procedure of
“match input document” is to be performed once per procedure of “compile
matching conditions,” matching the mput docqment may be performed with
respect to a plurality of input documents using the state transitions 11, and
the output descriptions 12, generated by the one-time procedure of “compile
matching conditions.”

[0050]

Next, with reference to Fig. 9, the procedure “compile matching

conditions” will be described.

[0051]
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expression (Step S101). [0052] 5 Subsequently, by a

procedure of "renbve s transitions” the e transitions

contained in the NFA (enpty-character transition) are

removed (Step S102). [0053] Further subsequently, by

a procedure of "add transition to initial state" the

transition is added to the initial state during

mat ching failure (Step 10 S103). [0054] Still

f uT'o beginswitdhe hased uponiaypwcpdorediigenefater Nidvimcluding £

nondetermnistic transition," the nondeterm nistic :
transitiont;” ahe iNFAcmoMelin Stepartdifibhs arp @@hbtatbll fiimld regular

further subsequently, by a procedure of "renpve unused

expirédston (StebB EF1)t hat have been unnecessary in the
procedures described thus far are elimnated (Step

[o689Pp) . [0056] Still further subsequently, by a
procedure of "reduce nunber of states,” 20 redundant

SR A A s
coBbRREH 1p o8 FATRREY Seb R FIHbb LRy PR ter S102)

[O%J%)Eut table are generated fromthe state set (Step
). 25 [0058] 20 The procedures described above

al Lowthe procedure ;comile matching, conditions! ho,, .
the transition is added to the initial state during matching failure (Step
S103).

[0054]

Still further subsequently, by a procedure of “remove nondeterministic
transition,” the nondeterministic transition is removed Step S104).
[0055]

Still further subsequently, by a procedure of “remove unused state,”
states that have been unnecessary in the procedures described thus far are
eliminated (Step S105).

[0056]

Still further subsequently, by a procedure of “reduce number of states,”
redundant étates and redundar;t state transitions are deleted (Step S106).
[0057] |

Still further subsequently, by a procedure of “generate state transition
table and output table,” the state transition table and the output table are
generated from the state set (Step S107).

[0058]
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[0059] For the procedure of "generate NFA including s
transitions,” described 5 in Step 5101, a well-known
procedure indicated in Non-Patent Docunent 1 and the
i ke, can be used. [0060] 1In this regard, however, as
illustrated in Fig. 24, a netacharacter "."
representing an arbitrary character contained in a

regul ar expression is 10 replaced with 6."y. Here, irh.
F‘ll‘gs.prgmeckum@dgﬁcrsh@d abayan owbpanrop%dwr@prceg%{‘?éaatc ng
sinply as q. [0061] Also, a procedure is added in
conviniiois”d® hid éxesmted.ed in Fig. 25, a netacharacter "
representing a character other than a particular 15

{oosbhr acter set, contained in the regular expression, is
repl aced with abther, and furthernore, a state

t FaRShi hedbedu@8 ol Noanithits AT £ indlatling o tédisitions, described
state go(NFA)is added. [0062] The procedure of

in S{HOVEL, &f % BNAAdWADTO ihBicateP i MNvh-PatertSDocudlent 1
I mpl enmented by replacing the ¢ transitions

anéjg@??g’écgﬁ{ B&é‘t%?%t ransitions) with a transition

natron s y using a well-known procedure
[0 ' ggl cated i'n Non-Patent Docunment 1 and the I|ike.
df; 63] Next, referring to Fig. 10, a procedure of

T AL R Bk A B BB
repggsér{t?rlxqgs iagli aor it?‘gic"’)? ghgxnac gln antl;ﬁrgerﬁ {rp a rglgu airnéxtpirgésion is
replaced with oany. Here, in Figs. 24 through 31, a state gura is represented
simply as q.

[0061]

Also, a procedure is added in which as illustrated in Fig. 25, a
metacharacter ™ representing a character other than a particular
character set, contained in the regular expression, is replaced with Gozser,
and furthermore, a state transition from an applicableé state to the initial
state qawm)is added.

[0062]

The procedure of “remove ¢ transitions” shown in Step S102 is also
implemented by replacing the ¢ transitions (empty-character transitions)
with a transition destination set—by using a well-known procedure
indicated in Non-Patent Document 1 and the like.

{0063]

Next, referring to Fig. 10, a procedure of “add transition to initial state”

in Step S103 will be described.
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state gcXNFA)generated by Step S102, then process flow
proceeds to Step S202. In cases other than that
descri bed here, process flow proceeds to Step 5 S203
(Step S201). [0065] The procedure of' add failed
transition to initial state (if there exists no
transition fromthe NFA initial state based on 68,,y)"
i s_executed, process flowtermnating (Step
[008402) . [0066] 10 If, in Step S201, there exists the
transition fromthe NFA initial state based on q
, Firsty if theté\ESists hetramsitipndesdd na oy, faokd thei NEA initial
transition to initial state (if there exists the
stdte anpgiriigenchrted bydBtepa® ] 02,itheaxaocdszdlow pecasslsfto@rep
termnating (Step S202). [0067] 15 It should be noted

S20Daln 8ddeb@yBEy thah thdtSd&EPRLATRAE, pidtesPfloRemoceéds to Step
det erm ned based on whet her or not there exists a

S2b838edg segy)f rom the NFA initial state go(NFA), based

on a .y, the process in Step S202 can be substituted

]that in Step 203. Wen the process in Step S202 is
conmpared with that in Step S203, the forner's

i | o 0o linted . "t her.
o ERR SO B oot TG Sl B Bpelifts mo
Y, " e h the. f ' i furt
teefERiom o e NI BRI CHER Dasell @1 frahas SHRE ol Progese
1 i t.i f initial state b d
ﬂog(x‘?eg'%gﬁéﬂlﬁg3§’Eé’ogkg5?mgsﬁ1Iegd zf _aa_er ega!ear ngéfggsi on
Sl sy SRR S0 R A BT o
practically, there are few cases where such L
basrd PRy Pati Grivrg, thefetheprocednse obaddotadlod trapsitinmiinitial

of state transitions can in nost cases be reduced by
stagp F(J,fy;hﬁge emtqﬁl&@ggsﬁmrgbgw@mgﬂny) is executed, process flow

terminating (Step S202).
[0067]

It should be noted that although, in this embodiment, the process is
determined based on whether or not there exists a transition from the NFA
initial state govra), based on Gany, the process in Step S202 can be
substituted by that in Step 203. When the process in Step S202 is compared
with that in Step S203, the former’s applicable range is limited to a case
where “there exists the transition from the initial state, based on cany“
however, the former’s process can further reduce the number of state
transitions. The fact that a transition from the initial state based on oany
exists suggests that the head of a regular expression turning out to be -
matching conditions is designated with the arbitrary charécter “.,” however,

practically, there are few cases where such designation is made. For this
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[0068] The procedures descri bed above allow the
procedure of "add failed 5 transition to initial
state" to be executed. [0069] In the next place, the
procedure of "add failed transition to initial state
(if there exists no transition destination fromthe
initial state based on aany)" in Step S202 will be
descri bed. 10 EOO?O] Typically, an NFA or a DFA that

reagenf gremgumben of stateusassitiong camenchpsigcasen berpeduged by
by adding --transitions fromall states to the

applying thhe ptaess oBBtanB202t ching froman arbitrary
character position. Fig. 26 shows an exanpl e of

foogdlli ng the a transitions to the NFA corresponding to a
15 regul ar expression (albjc<c e))L In the SDFA

a%@%@éﬂ Westdd@cAHES aBb ve IaM6RNEHOPochldEre &f taldinNiileldon

fails at a given state, the automaton returns to the
trahﬁitﬁdr?lco ﬁ'hﬁtafs e"’“l;& BQ%&ePﬁﬁeﬁeed' ng to read input
aracters, he "state transition is made again,

Orég!ch therefore aIIovvs om ssion of the e transitions
to'the initial state go. Narrely, configuring the NFA
n, 20

I [ i ch. s
TrheRGal iy e praafise of ‘R pETed A GEE imitial state
{ { wh th »
¢ e HEm rranﬁ“‘f%‘fr ApiiRation Suolt 4G FERBAFURS BB o)
g&q( NFA& baf En the transition character a, if there
in Jtapsp302 vl dresdascetbefy om a state QCl VFA) based on the
“transition character (T, or if any transition

[007R racter awhose start point is the state q(NVFA)is a
.,,Y, 25 the automaton additionally makes a transition

Hbrmcteﬂbr amalNE AggNr A) FA s hak perfosmst meentin oy §iyingd on

the. transition character a-because a transition can be
mateltia gt canginipleajeriia by didoang dransitions ifoom elbstagestathe

al so when a transition . _
initial state, string matching from an arbitrary character position. Fig. '26
shows an example of adding the & transitions to the NFA corresponding to a
regular expression {a5cd(de)f In the SDFA automaton of the present
invention, when a transition fails at a given state, the automaton returns to
the initial state g without proceeding to read input characters; and the
state transition is made again, which therefore allows omission of the ¢
transitions to the initial state go. Namely, configuring the NFA as shown in
Fig. 27 will suffice, which can extensively reduce the total number of state
transitions. However, when the automaton can make a transition from the
initial state go(vra) to a state quwra) based on the transition character o; if
there exists a transition from a state ¢gwvra)based on the transition character

g, or if any transition character o whose start point is the state quvra)is Gany,

the automaton additionally makes a transition from the state guvra to the
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based on the transition charactera has been
successful. Fig. 28 shows an exanple of a case of a
regul ar expression (al~c(ale))f Because the exanple 5
in Fig. 28 shows that the automaton can nake a
transition fromthe initial state gONFA) to the state
gl (NFA), based on a transition character a, and
because there exists a transition froma state q, %\FA)
stdtaspadvrmarbaskd onrthediransitiorctlmmactear o hecatse atragsttiancan be
additionally make a transition fromthe initial state
mafle3(oNF Ay r4h badedeorstiad eragistibAchhester ®alsbhvehén artsansiton
character a as shown 10 in Fig. 29. Although the

batédoa ithe @Fardsifioh Charsdtai & hax Webh shiesefln Fife28 shows an
transition character a turn out to be a

exDPPUSHLL Thil & & FeSlIal %x?f‘@éﬁéﬂ (4B dB¥F Because the example

nondetermnistic State transition is eventually

in no%.?éegh&@é AR o i ggd_é,%“x%;ﬁgé %Cﬁg%gbor%egifogi; Elfé;g—gﬁal

etermnistic transi proce

f.ai | ed ition to initial_ st i f LS no
st il o3 dafled R Baked b BhBsicldn PO 4 HRLES
b on dat'?ié?r " and (%f "a?.d gfailed ttransition t,0 itﬁlitial tion
eCRURC RIS eFISLS 8 tEaRLponfrom g state sHAgaRasRd oL e Rt
the initjal state bas .on a-any)" aimto execute t.his
chigiten e, oA LgR Y BR R dotke a AFARSI RpR Trgsd the initial
proceduret&}‘q "add failed transjtion ta 20_initial
stadp gavrp) to thedtateeginera baged pn fhe transitien chazasten arasushown
. the initial state based on Qany)" in Step S202 w ||
in Fag. % Altheugh tlvotzapsition frogn thestate qrvaurtasedon the
assigned as a first state transition whose start
tramsifienicharapter aituraoustabe agnonitprpiniskie stEt® transition, the
generated by Step 5102, with 25 process flow
nopdeterodnimgict aB: manSBien {Seeentsadly)deleted thyough thaf t er
all the state transitions tc(NFA) each of whose start
subsdquentprotesure 9 of “remove nondeterministic transition.” The
procedures of “add failed transition to initial state (if there exists no
transition destination from the initial state based on gaay),” and of “add
failed transition to initial state (if there exists a transition destination from

the initial state based on cany)” aim to execute this process.
[0071]

With reference to Fig. 11, the procedure of “add failed transition to
initial state (if there exists no transition destination from the initial state
based on oazy)” in Step S202 will be described.

[0072]
-To begin with,- tonra)is assigned as a first state transition whose start
point is the initial state gawnra of the NFA generated by Step S102, with

process flow proceeding to Step S302 (Step S301).
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NFA initial state go(NFA) have been term nated,
process flow term nates the procedures. In cases
ot her than that described here, process flow proceeds
to 5 Step 303 (Step S302). [0074] Synbol O-is
assigned as Chaz(to(NFAJ), with process flow
proceeding to Step S304 (Step S303). [0075] 10
O?/@E’ool g(NFA) is assigned as the initial NFA state
(o tained in an NFA state set Q NFAJ, with process
fl ow proceeding to Step S305 (Step S304). [0076]
Affeer all theftatherNiditionatfevgaall of sriiase séarti poinhés NFA
state set Q NFA) have been processed, process flow
NExA asitedstiate @Gien) nsddbedm taasamted hetocedsaflow teriminates the
descri bed here, process flow proceeds to Step S306

prdcetiapes530Thsed 8fhet]thahf tHabelebbAbed dkee, Poless Bowhfroceeds to

initial state go*vFAJ, process flow proceeds to Step

Ster’ 803 (bRprgs®n. other than that described here, process
f1 ow proCeeds to Step S307 (Step S306). 20 [0078]

[OOSMI‘OOI t(NFA) is assigned as a first NFA state
transition whose start point is g(NpAJ, with process

fl ding to St 08 (S . .

BT R Rpda P VR ok Ao o

wh t \nt i 25 NVFAJ h b t i nat ed,
St?ﬂ%@@ézé?‘{ljﬁg@r)gceézs to %E ep SSlZfavfn gggeserrznsngt ﬁer

than that described here, process flow proceeds to
[O(é;t}gp S309 (Step S308).

Symbol gwra)is assigned as the initial NFA state contained in an NFA
state set Gnra), with process flow proceeding to Step S305 (Step S304).
[0076]

After all of the NFA state gwre contained in the NFA state set G NFa)
have been processed, process flow proceeds to Step S313. In cases other than
that described here, process flow proceeds to Step S306 (Step S305).

[0077]

If the NFA state gvra is the initial state ganra), process flow proceeds
to Step S306. In cases other than that described here, process flow proceeds
to Step S307 (Step S306).

[co78]

Symbol finrs) is assigned as a first NFA state transition whose start
point is guvray, with process flow proceeding to Step S308 (Step S307).
[0079]

After all the NFA state transitions fivra each of whose start point is

qvr have been terminated, process flow proceeds to Step S312. In cases
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[0080] If either of the conditions-Char(to(VvFA))=6,
and Chai <tcNFA))=a-an,,1 5 holds, then process flow
proceeds to Step S312. If neither of the conditions
hol ds, then, process flow proceeds to Step S311 (Step
S309). [0081] An NFA state transition trans(qg(NFA),
Destination(to(NFA)), o), unless contained in the NFA
state transition set TNFA), is added to T, with

other sbesshab desavbest bexse direepss dlost ppossda tg Stem S889 6$tep
[0082] Synbol t(NFA) is assigned as the next NFA state

S308)ansi ti on whose start point is the NFA state ~Ad,
with process flow proceeding to Step S305 (Step

[008B11). 15 [0083] If, in Step S306, the NFA state q
VFA) is the NFA initial state goNvFal, or if, in Step
5308ithat bf {HtecoNihtish et QAL ARSiNHRES, A NEREr€ae)0b,,,—

whose start point is ~A) are processed, then the NFA

hoRkat Kerflp Nicks Hwadb8iBItAStep$3 MBXY neldhr 9F #hé conditions
contained in the NFA state set GKNFA), with process
.0 aglin (St [ 0084]
holfePtheth RRRRRTHP BrbBen 1P ST R T SRR, s (e
[Oqga term nated, thento(NFa) is assigned as the next
,L\state transition whose start point is the NFA

initi t .NFA ith fl. [ 1
b i Sttatansibenierniloonll GRG0 & et
con g%(l:er Pr? ameaﬁ%ff sl%%era rtnratlrf’si 1)6161%% ! Jr\)FA?,fiS t{:lgﬁeEEQ (‘f% }?%rggess

flow proceeding to Step S311 (Step $310).

[0082]

Symbol twra) is assigned as the next NFA state transition whose start'
point is the NFA state qure), with process flow proceeding to Step S305
(Step S311).

[0083]

If, in Step S306, the NFA state guvra is the NFA initial state gqawnra), or
if, in Step S308, all the NFA state transitions fnra each of whose start point
18 qvra) are processed, then the NFA state guwra) is assigned as the next
NFA state contained in the NFA state set Gknvra) with process flow
proceeding to Step S305 (Step S312).

[0084]

If, in Step S305, processing all the NFA states quvra) is terminated,
thentgwnra is assigned as the next NFA state transition whose start point is
the NFA initial state ganvey, with process flow proceeding to Step S302 (Step
S313).
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"add failed transition to initial state (if there
exists no transition destination fromthe initia
state 6any)." 5 [0086] Next,.a procedure of "add
failed transition to initial state in Step S203 (if
there exists a transition destination fromthe initia
state based on 0O-any)" will be described. An object
the procedure is the sanme as that in Step S202.
[0085] as the regul ar expression (al hic(c4e))fshown in
Fi 30, there exits 10 the transition destination
g ockdures describietli adiove tpermitmexatusiontefithe procedures of
transition to gi WAL can al so be made even when
“add faikdd iransitvert to irdsipbetate dif theké ekises abdrassition destination
successful ly made. Consequently, as shown in Fig. 31,

frod 8Rs initRNState &LPNFA) are added to all the NFA states
g( NFAI except the NFA initial state gO(NFA) and all

[ogd®} transition characters a. 15 [0087] Wth reference
to Fig. 12, the procedure of "add failed transition to

| N2k pﬁ{)@é lfe' Jt “ﬁhﬂ&ﬁﬂ&& 'tférf’slﬁohrt@rlﬁiﬁ C}oﬁate in Sg p S203

dest’l hat'l on rom-t init State base 6any 7
Gf a%l%':%ﬁ?éé %%éa}ns?ﬁ%lq %%gttﬁ glnrf{érggﬁr'%k 1n%l;q lFét 1?% Ir)]%? on Oany)”
w1t B AR w%&%@@@%ﬁ@@&%ﬁ@{a%m
o CTEEL 0 b ARG S8k b i
g B8 S tREHop e PRAA DY AL Sl DRABL 37 o

e s e et S, HSoeh Pt
all the states are successfully made. Consequently, as shown in Fig. 31,
transitions to gxara are added to all the NFA states qura except the NFA
initial state ¢,(vm4e) and all the transition characters o
[0087]

With reference to Fig. 12, the procedure of “add failed transition to
initial state (if there exists a transition destination from the initial state
based on oany)” in Step S203 will be described.

[0088]

First, tanra)is assigned as the first NFA state transition whose start
point is the initial state gouwvrw of the NFA generated by Step S102, process-
flow then proceeding to Step S352 (Step S351).

[0089]

If all the state transitions fawr4)each of whose start point is the NFA

initial state gawme have been terminated, then process flow terminates the
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[0090] Synbol cris assigned as Chart NFA)), and
process flow proceeds to Step 5 S354 (Step S353).
[0091] Synbol g(NFA) is assigned as the initial NFA
state contained in the NFA state set Q FAJ, and
process flow proceeds to Step S355 (Step S354). [0092]
10 If all the initial NFA states g(NFAJ contained in
the NFA state set QNFA) have been processed, then
pywcedens Ificavepodrrddsnt thaSdepcrdsd heta) prases fiivhproceeds to
than that described here, process flow proceeds to
StepeP3BBERp W3HR)S355). [0093] If the NFA state gNFA)
is the initial state go(NFA), then process flow 15
[ooooteeds to Step S356. In cases other than that
descri bed here, process now proceeds to Step 357

{Byai et ehe TRRRAR S PPl Ghoceeds toStep

SEONIRY @5? _the NFA state transition set Y?NFAJ, is
add(edepo ,Sljprocess flow 20 then proceeding to Step

[Oggﬁp (Step S358). [0095] If, in Step S355, processing
a the NFA states ((NFA) have been processed, then

L 23R B N B bGP TRe
st 05 Do) BBYaFOOTRA Y SECFEHS 1 STePI T SO SOl o
[O%Sfut ion of the procedure of "add

If all the initial NFA states g contained in the NFA state set Qe
have been processed, then process flow proceeds to Step S359. In cases other
than that described here, process flow proceeds to Step S356 (Step S355).
[0093]

If the NFA state guwra) is the initial state ganFa), then process flow
proceeds to Step S356. In cases other than that described here, process flow
proceeds to Step 357 (Step S306).

[0094]
The NFA state transition trans(gury, Destination(towvra), o), unless

contained in the NFA state transition set 7lvra), is added to 7' process flow

-then proceeding to Step S355 (Step S358).

[0095]

If, in Step S355, processing all the NFA states guvia) have been
processed, then fanra) is assigned as the next NFA state transition whose
start point is the NFA initial state gonra) with process flow proceeding to

Step 352 (Step S359).
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failed transition to the initial state (if there
exists no transition destination fromthe initial
state based on oBRy)." 5 [0097] Next, a procedure of
"renove nondeterministic transition”™ in Step S104
wi |l be described. The procedure elimnates the
nondetermnistic transition contained in the NFA to
generate the determnistic transition, one of which
[0G96dnpl es is illustrated in Fig. 32. There exist gl and
g2 to which the 10 automaton nmakes a transition froma
stiiecparadure Bas@tbahalidve dll@ns ekéaniors bftlrcpeicedure of “add
Nanel y, because of being nondeterm nistic, the states

faitdd triahafitsdid tethel Asitial atd e thie€e BRISEE Aol thARsiBion! Gkihation
state; stated another way, as shown in Fig. 33, the

fmﬁﬁzﬁgim?‘%me defl JfREE Y0 @ sumset q,=ql ug2of the

state sets ql and gqZ2”at the transition
[O(ﬁﬁ‘ﬁ“ nations. Wiile this 15 procedure is basically the
saire as the DFA generation procedure shown in

- Pat ent cunent 1 and the like,. in the.enmodi gent
nSeto R tbr R o smoRF mendBtesmtiBistif ST TR g104
.J.he state trapnsition g2 the. arbitrar char act er "
wil) B dgstibeg, AR Arodetle AiiEintes LS shndfmini shraagition
on.the transjtjon character a, a.transition.to the ,
contaipei i ﬂbeaﬁbf%W generate thesdefsranaisiig wansyion, 9ngof yehich
well as a state transition to the state q"=ql .ug2
exgples wridystiated 1ndigndhdtheremxistsgi and gahe whiek the
character a, , is further generated (Fig. 35). [0098]
autymatoremaken cetramsition frog) atstatepgocediasedan thecfransition
nondetermnistic transition" in Step S104 will be
chaester belanikly sbenasse df beirgguondetevménistie, tlie st28es of
"renove nondetermnistic transition associated with
trapsitien ‘lestinationamiralmerg2d iR6d agingdleestate; istdtled Retthgr way,
can take either value of TRUE or FALSE. [0099]
as shown in Fig. 33, the state transition is made to a sum set ¢,=g;\Ugzof
the NFA state sets g7 and ¢z at the transition destinations. While this
procedure is basically the same as the DFA generation procedure shown in
Non-Patent Document 1 and the like, in the embodiment, as shown in Fig.
34, with respect to a case including the state transition gzthe arbifrary
character oany, and the state transition end point g; based on the transition
character a, a transition to the state g:based on the exclusion character
Jo;heras well as a state transition to the state g,=gs gz associated with the

nondeterministic transition character a, , is further generated (Fig. 35).
[0098]

With reference to Fig. 13, the procedure of “remove nondeterministic
transition” in Step S104 will be described. This procedure and a procedure of

“remove nondeterministic transition associated with ouemer use a variable
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First, a procedure of "initialize state set" is
executed, with process flow proceeding to Step S402:
(Step S401). 5 [0100] Subsequently, the variable Retry
is initialized to FALSE, and process flow proceeds to
Step S401 (Step S402). [0101] Further subsequently, a
procedure of "renobve nondetermnistic 10 transition
associated with 1' is performed, and process flow

RerpcEbelsatiabRt EetrySaivtaket @pha4odpe of TRIZE oxFALSE.
further subsequently, a procedure of "renove

[oa®9ldet ermini stic transition associated with anther"
is perforned, process flow then proceeding 15 to Step

SAPhst, o Srvced e of filidslize édaté Bet" ialekadhte dRR4El prdtess flow
TRUE, then process flow proceeds to Step S403. If it

' termnates (Step $S405).
PG o S S 2SR S OB

cribed thus far allows the
[Oﬁ;bgyedure "renpbve nondetermnistic transition" to be
executed. [0105] Next, the procedure of "initialize

tat t" { 5104 Ml 1. be...de j ]
ot Shlre o SR BN st S0 R g mpcgess
t i S I t DFA state, dit
e petdhoRE f5UGh SUPATSIE BBol 12 L8 E e | "
Iéi] associ ated state transition, with respect to all
(0488 NFA states g(NFA) -

Further subsequently, a procedure of “remove nondeterministic
transition associated with X’ is performed, and process flow proceeds to Step
S404 (Step S403).

[0102]

Still further subsequently, a procedure of “remove nondeterministic
transition associated with oo’ is performed, process flow then proceeding
to Step S405 (Step S404).

[0103]

If the variable Retryis TRUE, then process flow proceeds to Step
S403. If it is FALSE, then process flow terminates (Step $405).

[0104]

The procedure described thus far allows the procedure “remove
nondeterministic transition” to be executed.
[0105]

Next, the procedure of “initialize state set” in Step 5104 will be
described. The procedure is directed to initialize a necessary state set in

order to generate a DFA state, and its object is to generate a DFA state
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[0106] Wth reference to Fig. 14, the procedure of
“initialize state set" in Step 5 S104 wll be
described. [0107] First, the state set Qis
initialized to enpty, with process flow proceeding to
Step S502 (Step S501). [0108] 10 Synbol gtNFAJ is
assigned as the initial NFA state contained in an NFA
state set (QNFF)), with process fl ow proceedi ng to

{ qBELPans 6B {Speipt@5eR)te trafditioh, witharespeit to aill the NNAA
-states gtNFA) contained in the NFA state set QNF& are

stapepg@gsed, then process flow proceeds to Step S506. In
cases other than 15 that described here, process flow

[o1oBPceeds to Step S504 (Step S503). [0110] The NFA
state set (i.e., the DFA state) { gt,vFa)} is added to

t @it ALAFG 8L to ?ig.al"lﬁ tRE Q5 6&Hrk QP “RiitedRdsthfe Ftehn Step
S505 (Step S504).°10111] © 20 q(NFA) is assigned as the

. contained in the NFA state set ONFfu,
Slg?g‘élels%gﬁﬁ%\?\%bt%ﬁén proceedi ng to Step S503 (Step S505).

[01%%#2] If in Step S503, all the NFA states quvFA)
tained in the NFA state set QVFA) are processed,

[ Seee s Sl et Ry iR ned & Bl RE Pl TR - %0
DrapRdnE e oS PP Hep 8508 (Step 8507} .|
[0108]

Symbol quvra) is assigned as the initial NFA state contained in an NFA
state set (Qura), with process flow proceeding to Step S502 (Step S502).
[0109]

If all the initial NFA states qury contained in the NFA state set Gvra)

are processed, then process flow proceeds to Step S506. In cases other than

that described here, process flow proceeds to Step S504 (Step S503).

[0110]

The NFA state set (i.e., the DFA state) { guvra)} is added to the state set
@, and process flow proceeds to Step S505 (Step S504).
[o111]

Qra) is assigned as the next NFA state contained in the NFA state set
Qvrw), process flow then proceeding to Step S503 (Step S505).
[0112]

If in Step S503, all the NFA states guvra) contained in the NFA state set
Qvrw are processed, then process flow proceeds to Step S507(Step S506).
(0113]
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[0114] If all the NFA state transitions t(NFA)
contained in the NFA state 5 transition set TNFA) are
processed, then process flow proceeds to Step S511.
In cases other than that described here, process flow
proceeds to Step S509 (Step S508). [0115] After
trans({ Source(t(NFA))}, {Destination(t(NFA))}, and
{Char(t(NFA))} 10 are added to the state transition
selNedt, e sssigned gu @ fiesd N RAOsRite podGilfed (BttRp NFA state
S509). [0116] Synbol t(NFA) is assigned as the next
seNEEvS1), plr6cese Tlow fiech prodeadildd S 508 €3t pNEH0 7).
process flow proceeds to Step S508 (Step S510). 15
foiP4117] If, in Step S508, all the NFA states t(nrFA)
contained in the TNFA) are processed, then an out put

?F%%“@‘?%i@?ﬁ?_ﬁ%ﬁ%’afé%%ﬁj&%@ﬂ?f f@%?éé?: ;\Wf? OrfEAeR:
o ipnSERley SreREHEN, TReR prbdedh Al 0?4 to Siop S511.

and prgce flow proceeds,to Step S508 (Ste 5 .
In 25680 ek thgm, iy BeRRROET i, Rrbessi iy RACR AR teD S509
(Sconé b@ed in the NFA output 25 description set DWA)

D S cessed, then process flow term nates. In cases

2 -other than that described here, process flow
[0ptdceeds to Step S509 (Step S513).

After trans({ Source(tinra)}, { Destination(tra)}, and §{ Char (¢ (vra)}
are added to the state transition set 7} process flow proceeds to Step S510

(Step S509).

[0116]

Symbol tivra is assigned as the next NFA state contained in the NFA
state set Tinra), process flow proceeds to Step S508 (Step S510).
[0117]

If, in Step S508, all the NFA states fwra) contained in the Tlvze) are
processed, then an ou.tput description set D is made to be empty, with
process flow proceeding to Step S512 (Step S511).

{0118]

Next, dvrw is assigned as a first NFA state contained in the NFA
output description set Dinvra), and process flow proceeds to Step S508 (Step
$512).

[0119]
If all the NFA output descriptions dvga) contained in the NFA output

description set [xnry are processed, then process flow terminates. In cases
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[0120] desc{{State(d(NFA))} and Result( (dNFAJ)) are
added to the output 5 description set D, with process
fl ow proceeding to Step S510 (Step S514). [0121]
Synbol d(NFA) is assigned as the next NFA out put
description contained in the NFA output description
set D(NFA), and process flow proceeds to Step S508
(Step S515). 10 [0122] The procedures described thus
othbathahlthat teerpreschens; pro¢essilost praceedste Ster 50945k
executed. [0123] Next, the procedure of "renove
Ssmndetermini stic transition associated 15 with 'L" in
Step S403 will be described. As exanples shown in Fig.
[0188]and Fig. 34, if there exists a plurality of
transition destinations with respect to one

t 12080 sme(&gﬁb RCLBA ReRBr (A et d Rl dORSIH G IpRA
based on eac transition character his uniquely

s AL O B kb sorenig .

[0 g te, which 20 is an object of this procedure.
1?‘ 24] Wth reference to Fig.15, the procedure of
r ve nondeterm ni

| SRR, Aot bt e ER] Mt SHH freseiritpbeontained
in Hhe NG DI GcmiRIBnGret B i Praies STCproqayap g Step
first pl ace), Found is initialized to FALSE, process
S508 &aterhanls).

[0122]

The procedures described thus far allow the procedure “initialize state
set” to be executed.
[0123]

Next, the procedure of “remove nondeterministic transition associated
with 2” in Step 5403 will be described. As examples shown in Fig. 32 and
Fig. 34, if there exists a plurality of transition destinations with respect to
one transition character oeZ, a transition destination based on each
transition character ois uniquely determined by replacing the plurality of
transition destinations with a transition [destination] to a new state, which
is an object of this procedure.

[0124]

With reference to Fig.15, the procedure of “remove nondeterministic

transition associated with X’ in Step $S403 will be described. This procedure

uses a variable Found. The variable Retrycan take either value of TRUE or

FALSE.
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proceeding to Step S602 (Step 5601). [0126] 5 In the
next place, q is assigned as a first state transition
in the state set Q and process flow proceeds to Step
S603 (Step S602). [0127] If all the states g in the
state set Q are processed, then process flow proceeds
to Step S616. In cases other than that described here,
process flow 10 proceeds to Step S604 (Step S603).

[0p288] Symbol cis assigned as a first letter anong
the input al phabet E, with process flow proceeding to
St Bptlssfitst(Bheq B is indi2lted IoFALSHE, [probess| fidw ehen a
anong the input al phabet E are processed, then

proeaxag tb 1Se¥p BE0L €8tkp $60BLep S610. In cases ot her
than that described here, process flow proceeds to

[oPp6p S606 (Step S605). [0130] Gven that a start
point is assigned as g, if there exists a plurality of

2075 i ng{l ﬁc%,rg?{éséés?é’l?%de LA <R st QT Endik RS tﬂh%nstate set

char ac re exists a state transition

Ol B e PRl e AL SRR (Piea PO Dy

[0 %Zﬁ transition based on cis nondetermnistic- then _
;5 ess flow proceeds to Step S607. In cases other

st BB sieiee g inahegtup sEA pod pugcessed dRammrapess fow
prgétgqlﬁg t'(eg Sltsépagc’ﬁsllﬁg n %agg’s gthaegdth%npt ;%r:i%tscerrlbe(i helaes pg'ocess flow
proceeds to Step S604 (Step S603).

[0128]

Symbol ois assigned as a first letter among the input alphabet 2, with
process flow proceeding to Step S605 (Step S604).
{0129]

If all the letters o among the input alphabet X are processed, then
process flow proceeds to Step SGIO. In cases other than that described here,
process flow proceeds to Step S606 (Step S605).

{0130]

Given that a start point is assigned as g, if there exists a pluraiity of
such state transitions teach of whose transition character is g, or if there
exists a state transition £ whose transition character is o and a state
transition ¢ whose transition character is oany —i.e., if a transition based on
o is nondeterministic—then process flow proceeds to Step S607. In cases

other than that described here, process flow proceeds to Step S609 (Step

S606).
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a procedure "generate new state," process flow then
proceeding to Step S608 (Step S607). 5 [0132] The
vari able Found is set to TRUE, with process flow
proceeding to Step S609 (Step S608). [0133] Synbol
his assigned as a next letter anong the input al phabet
E, 10 process flow proceeds to Step S605 (Step S609).
[0134] If, in Step S605, all the letters o-anpbng the
[0i3igut  al phabet Eare processed, t is assigned as a
first state transition whose start point is a state
0.A pAfaRetsICqs.Lli9Ws$iEncéedsy and I piratindtér OHtpo,SoléRecute
15 [0135] If all the state transitions teach of whose

a prbaédureo g@hefa‘-tetﬁbﬁv §taAbE Prodéss flow AREA POcecde® to Step S608
process flow proceeds to Step S615. In cases other

(Stte?aﬂ%ﬁ at described here, process flow proceeds to

ep S612 (Step 5611). [0136] 20 If the transition

[ racter Chaz{t) of t is oy, then process flow
ceeds to Step 8613 In cases ot her than t hat

o B BSOS O BSOS
Sti&gﬁpégg@ggggﬁst h bother-i.e., by 25 repl aci ng tW| t h

tination (t), o-other), process flow
[Of&’rs ceeds to 35 Step S614 (Step S613). [0138]

Symbol ois assigned as a next letter among the input alphabet 2,
process flow proceeds to Step S605 (Step S609). |
[0134]

If, in Step S605, all the letters camong the input alphabet X are
processed, £1is assigned as a first state transition whose start point is a state
g, and process flow proceeds to Step S611 (Step S610).

[0135]

If all the state transitions ¢each of whose start point is the state g are
processed, then process flow proceeds to Step S615. In cases other than that
described here, process flow proceeds to Step 5612 (Step S611).

{0136]

If the transition character Char(#) of ¢is Oany, then process flow proceeds
to Step S613. In cases other than that described here, process flow proceeds
to Step S614 (Step S612).

[0137]
After the transition character of ¢is replaced with oupe—1.€., by

replacing ¢ with (Source (9, Destination (§), cuther), process flow proceeds to
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Synmbol t is assigned as the next state transition
whose start point is the state g, with process fl ow
proceeding to Step 611 (Step S614). 5 [0139] If, in
Step S611, all the state transitions teach of whose
start point is the state q are processed, then the
state q is assigned as the next state transition in
the state set Q and process flow proceeds to Step
Stép68814 Sep SEBYP5). 10 [0140] When, in Step S603, all
the states q in the state set Q are processed, if the
[0ng®]i abl e Found is TRUE, then process flow proceeds to
Step S601. In cases other than that described here,

PIRGEFS £ik AWsioeled d%atlh%sné)@ts%QteSﬂQ%ltmx{ Qlbde staxt paent is

procedures descri bed thus far allow the procedure

the D VP wifOBORLEE Mol BldsSodkane gﬁegggfgbggg?rﬁgq) wi th

[0 ggﬁmave nondeternm nistic transition associated wth
]b her" in Step S404 will be described. In this

P ISB TR S Eh B0 R dthte framsistons R eafb PRk siatf point is

generated by "renove n ndeterm nistic trangitio
the;s@de GATEPHCeHFeR then The pigke & assiensdatthe B s

fromthe state wo a plurality of_ the_ st
tragsition in the ﬁtatasset K and; proeess ﬁgv pioetria & SheR, g0 (Step

transitions based on the transition character bother
S63pk del eted by replacing the state transitions 25
Wth transitions to states of their sum set q, Tgl
[03403. 36 [0143] Wth reference to Fig. 16, the
procedure of "renove nondetermnnistic
When, in Step S603, all the states ¢ in the state set ¢ are processed, if

the variable Foundis TRUE, then process flow proceeds to Step S601. In
cases other than that described here, process flow terminates (Step S405).
[0141]

The procedures described thus far allow the procedure “remove
nondeterministic transition associated with 2’ to be executed.
[0142]

Next, the procedure of “remove nondeterministic transition associated
with ouere’” in Step S404 will be described. In this procedure, as shown in
Fig. 36, regarding the transition based on the transition character Gozher
generated by “remove nondeterministic transition associated with 2,” if
there exist state transitions from the state @sourceto a plurality of the states
gz and gz, then, as shown in Fig. 37, nondeterministic transitions based on
the transition character comer are deleted by replacing the state transitions

with transitions to states of their sum set g;=q:qge.
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transition associated with crother” in Step S404 w ||
be described. This procedure uses the variable Found
The variabl e Found can take either 5 value of TRUE or
FALSE, and this procedure uses a variable Counter. The
vari abl e Counter can take an integer value of zero or
nore. [0144] First, FALSE is assigned as the variable
Found, and process flow proceeds to Step S702 (Step
[0mmd1). 10 [0145] Synbol q is assigned as a first state
in the state set Q process flow then proceeding to
StWithSeTerenSt &p FeZ029,. thieQiré6édute offirbtolve renale s nonistic
the state set Q are processed, then process flow 15

traf G686 A8sQatieRith/dd iR SRPES40Y Well bekRactibad. This
descri bed here,. process flow proceeds to Step S701

pr&érd%@e %%Qé% e bAiAble F?ﬁ & The %ﬂagnsqfwﬁatdael el At

Count er, process flow proceeds to Step S705 (Step

é@'r REfk g;gggsﬁv (?lthfs ﬁx%c@&&feg{l%é @%-aﬁamer %umt The

ans e star g, and pr ocess

vaPRBiE Lot P o i § ﬁvgi&) b readdfthord, ﬁl' . Sf q

[0%[7@ 25 processed, then process flow proceeds to Step
0. In cases other than that 37 described here,,

g‘fgoljsiLfSH‘JO}As/ arlers(lngr?eeddgs Ic}(l)e x?ztarelabF7%u$1§t and %ch%ss flow proceeds
to Step S702 (Step S701).
[0145]
Symbol g is assigned as a first state in the state set &), process flow then
proceeding to Step S703 (Step S702).
[0146]

- If all the states gin the state set ¢ are processed, then process flow
proceeds to Step S714. In cases other than that described here, process flow
proceeds to Step S701 (Step S703).

[0147]

Zero is assigned as the variable Counter, and process flow proceeds to
Step S705 (Step S704).
[0148]

Symbol ¢is assigned as a first state transition whose start point is g,
and process flow proceeds to Step S706 (Step S705).
[0149]

If all of the state transitions ¢ each of whose start point is g are

processed, then process flow proceeds to Step S710. In cases other than that
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If the transition character Chaz(t) of t is bother,
then process flow proceeds to Step S707. In cases
ot her than that described here, process flow 5
proceeds to Step S709 (Step S707). [0151] One is
added to the variable Counter, process flow then
proceeding to Step S709 (Step S708). [0152] 10
Synbol tis set to the next state transition whose
degerabed herewrpeess flaw procegdede Séep SIRTIStRRSAORY t o
Step S705 (Step S709). [0153] If all the state
[015Qnsi ti ons teach of whose start point is q are
processed, then process flow proceeds to Step S710.
| rif¢hs ¢samtition chiaaacteh aBh €8 of it e doeadStHear processofless
fl ow proceeds to Step S713 (Step S710). [0154] The

pro&cddRb Ste BNDTC &n icsdLdthie® tHanahdt descriltedohéie procss flow
the procedure "generate new state" is called, process

béRWstith e @f@eﬁ@t syp7Step S712 (Step S711). 20
pr[ 0153] Theepvari a Iéé]lgl:ound is set to TRUE, and the

[oY&{] abl e Retry to TRUE, then process. flow proceeds
to Step S713 (Step S712). [0156] Synbol q is assigned

OB Rk PR AN PoldFos bt phsglin
S {§SeDh lgRgplp S o0 5705 il the states a1 the
[0152]

Symbol £is set to the next state transition whose start point is g, with
process flow proceeding to Step S705 (Step S709).

[0153]

If all the state transitions #each of whose start point is g are processed,
then process flow proceeds to Step S710. In cases other than that described
here, process flow proceeds to Step S713 (Step S710).

[0154]

The parameter Qeource is set to g, and ¢ to dotrer, and the procedure
“generate new state” is called, process flow then proceeding to Step S712
(Step S711).

[0155]

The variable Foundis set to TRUE, and the variable Retry to TRUE;

then process. flow proceeds to Step 5713 (Step S712).
[0156]
Symbol g is assigned as the next transition in the state set @, with

process flow proceeding to Step 703(Step S713).
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the variable Found is TRUE, then process flow proceeds

to Step S701. In cases other than that

descri bed, here, process flow term nates (Step S714).

5 [0158] The procedure described thus far allows the

procedure "renove nondetermnistic transition

associated with Qother" to be executed. [0159] Next,

the procedure of "generate new state" in Step S607 and
[0X57ht in 10 Step S711 will be described. The procedure

Is that by which individual non- determnistic state

t Mihesnh t in0BiepaSTOR;i -l ik sattés ghe the ahatet sedrf) anepaetessed, if

at are renoved fromthe state gsource. [0160] Wth

the eA8aBRCEoLAI I TRUR, tHehep focoseflowqsrooéedsptonBept &7 0levin
state" in Step 15 S607 and Step S711 will be

caf8ThiPEhn ERat B8sRIHRASHICpAicesd BIOGS RirtniRaYeS(SIEE S'T14).
gsource and of are assigned as parameters. [0161

5 [Ollggﬂst the state gsou,~ce is assigned as the start
p0| nt, to determ ne a set of states that can nmake a

h
o PR b T o ﬁ‘rsﬁm%zt
t at t | uded
no?ﬁeﬁeﬁgnﬂtsitcetr?v%ﬁiqnta?%ﬁg@é?‘5 it oo b Babfutddc! Voo
ceeds to Step S817. In cases ot her t han that
[Oﬂsr@jcri bed here, process flow proceeds to Step S802

(R0, T Shnbiion 10 S ST SR
10 Ste;? g%li %\trﬁlpbesggszc)mbe 9[‘%1%31:]|rocedure is that by which individual non-
deterministic state transitions associated with the transition character o:
are removed from the state gsource.
[0160]
With reference to Fig. 17, the procedures of “generate new state” in Step
15 S607 and Step S711 will be described. In the procedure of “generate new
state,” gsource and o are assigned as parameters.
[0161]
First, the state gsource is assigned as the start point, to determine a set of
states that can make a transition based on oy, and a sum set associated with
20 their NFA states is then determined, which sum set is assigned as a state
qn. If the state gnis included in the state transition set 7, then process flow
proceeds to Step S817. In cases other than that described here, process flow
proceeds to Step S802 (Step S801).
[0162]

25 Next, the state gais added to the state set @, and process flow proceeds
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Synmbol t is assigned as the first state transition
whose start point is the state gsource, process flow
then proceeding to Step 804 (Step S803). 5 [0164] If
all the state transitions teach of whose start point
is gsource are processed, then process flow proceeds
to Step S817. In cases other than that described
here, process flow proceeds to Step S805 (Step S804).
to[Sep SB0316ters SBARY. (1) =ct, or Char(t)=68ny, then
process flow proceeds to Step S806. |In cases other
[0183In that described here, process flow proceeds to
Step S816 (Step S805). [0166] Synbol tl1l is assigned
aSyinbel ¥id sésighed as thafisst stae vhaRetich aFliosfeaitatt péint iSthe
Destination(t), process flow then proceeding to Step
St§@7qs§;§%,eﬁr0%§936ﬂow th@hGAbcdddiklto m@;t) %Uat(gtéﬁ 886B).1 ons
tl e whose start point I's Destination(t) are
[oPgPcessed, then process flow proceeds to Step S812. In
cases other than that described here, process flow

o il T L

t hé rans rans(d,, .,
il %%?e&%%otfgseﬂ%%?@?%ea ST GHREAOD g
dewn@:a@h‘éféfbrbg%qeffov%ﬁ iroae e SUeD HE0h reRSEh o & ep

[ fé&%l In cases 40 other than that described here,
0 cess flow proceeds to Step S811 (Step S809).

If Char(d=0z, or Char{)=0uany, then process flow proceeds to Step S806.
In cases other than that described here, process flow proceeds to Step S816
(Step S805).
[0166]

Symbol £ is assigned as the first state transition whose start point is

Destination(#), process flow then proceeding to Step 807 (Step S806).

[0167]

If all the state transitions £ each of whose start point is Destination(?
are processed, then process flow proceeds to Step S812. In cases other than
that described here, process flow proceeds to Step S808 (Step S807).

[0168]

Unless the state transition .trans(q,, Destination(t;), Char(t))e T, then
the state transition trans(qn, Destination(ty), Char(ty) is added to 7, process
flow then proceeding to Step S809 (Step S808).

[0169]

If Char(t)=0other, then process flow proceeds to Step S810. In cases
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[0170] The procedure "correct state transition based
on bother"” is called, and 5 process flow proceeds to
Step S811, when (source, q,,, tl1l) are given as
paranmeters (Step S810). [0171] Synbol tl1 is assigned
as the next state transition whose start point is
Destination(t), and process flow proceeds to Step 807
(Step S811). 10 [0172] If, in Step S607, all the state
other dhantthahdesérilmatherd, paheess flvaptrocepds ho Step S811 (Step
Destination(t) are processed, then d is assigned as
S80%e first output description whose output state is
Destination(t), and process flow proceeds to Step
[019813 (Step S812). [0173] 15 If all the output
descri ptions deach of whose output descriptions is

qufem;cé&lﬁ‘x(et ‘ co?fegg %E&%ﬁ%éﬁﬁtioﬁ%eﬂrcﬁf 855..f 1s0Mlled, and

proc to. Step cases other than that

° progéﬁigbgéﬁa@?éf%&ﬂ?ﬁ%%eﬁﬁl 'ﬂ‘?ig%g‘ Fio ﬁﬁ?@?ﬁ#ﬁ on
R 1) ED, v, R [
pa’éﬂ%gééf%gsape%ﬂ ('ng)cesstflegw nggzgedi ng fgustép) Sl8i5

_[O]Eﬁﬁep S814). [0175] Synbol dis assigned as the next
put description whose output state 25 is
stination(t), and process flow praoceeds, to Step 813 .
?%mb%sm asygned a3 é%le @fﬁﬁ%ﬂtetthn%’éﬁng‘ﬁéas%@tﬁlﬁ goint 1s
next stn?se transitigon whose start point ,L.S
Destinatior{?), and process flow proceeds to Step 807 (Step S811).

10 [0172]  If in Step S607, all the state transitions £; each of whose start
point is Destination(d) are processed, then dis assigned as the first output
description whose output state is Destination(#), and process flow proceeds
to Step S813 (Step S812).

[0173]

15 If all the output descriptions d each of whose output descriptions is
Destination(? are processed, then process flow proceeds to Step S816. In
cases other than that described here, process flow proceeds to Step S814
(Step S813).

{0174]

20 Unless the output description de;c(q,,, Resulfd)e D, then des(qn,
Resul(d) is added to D, with process flow proceeding to Step S815 (Step
S814).

[0175]
Symbol d'is assigned as the next output description whose output state -

25 is Destination(d, and process flow proceeds to Step 813 (Step S816).
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gsour, e, process flow then proceeding to Step 804
(Step S816). [0177] 5 Unless, in Step S801, gn is
contained in the state transition set T, and if, in
Step S804, all of the state transitions teach of whose
start point is gsour.eare processed, then tis
assigned as the first state transition whose start
oi.nt is gsouroe, with process flow proceeding to Step
l0ﬁ%ﬂ8 (Step 5817). [0178] 10 If all the state
transitions t each of whose start point is gso,e are
pryuebdetis ashigmed rasddesndttotapr taesiiornt whesept:8830int 15
cases other than that described here, process flow

gsoics) peedss flowStiam Hbkee {vigetn SRPH04 (Sléﬁ @_16) f
Char (t)=o0-t, then process flow proceeds to Step S820.
[017V]cases other 15 than that described here, process
flow proceeds to Step S821 (Step S819). [0180] The

SUPhRsE rlﬁ'ﬁeb'SHl‘)lt dngt% BbnHiRad ‘?ﬁjtlflé SRtk I%‘raaﬁélf%ﬁ set T, and

transition set T, process flow proceeding t

if, g’i 8 ﬁgggécl(a?i 8?%@8%&)59 t{-z‘?&%ﬁh m%%a@(@?gjhotse st xat.spf‘dlﬂg?sd

next sta ose start

qso%.g?a%[e’perf)ﬁe?sggji Pe ocetc, 1Ss %ﬁl??é\’% c{)g gﬁ%ﬁrt%qoﬁt%%gr%%iﬁl oW elpose
stajsh %?e%'gté‘g‘?ﬂ?fua%wi@ et e RepisedPRs B Seend BI85t 8567

[0 qu;] 6) ET, 25 then trans(gsource, ga, O) E Tis added
% T, process flowtermnating (Step 42 S822).

[ (H' aﬁ the state transitions £each of whose start point is @source are
processed, then process flow proceeds to Step S822. In cases other than that
described here, process flow proceeds to ‘Step S819 (Step S818).

[0179]

If Char(=ov, then process flow proceeds to Step S820. In cases other
than that described here, process flow proceeds to Step S821 (Step S819).
[0180]

The state transition £is eliminated from the state transition set 7} with
process flow proceeding to Step S821 (Step S820).

[0181]

Symbol ¢is assigned as the next state transition whose start point is
Gsource, and process flow proceeds to Step 818 (Step S821).

[0182]

When, in Step S818, all the state transitions teach of whose start point
1S Gsource are processed, unless the state transition trans(qsource, gn, cde T}

then trans(gsource, qn, o€ T'is added to 7' process flow terminating (Step
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The procedure described thus far allows the procedure
"generate new state" to be executed. 5 [0184] Next, a
procedure of "correct state transition based on
anther” in Step S811 will be described. The procedure
shows a nerging procedure of states that turn out to
be end points of state transitions whose start points
are states gql and gqz in a case where, as illustrated
S82%.Fig. 38, state transitions 10 based on the
transition character anther is contained in the state
[01834nsi ti on whose start point is the states gl and gz
that are to be nerged into a single state when
ndhcep wiced imtesd ¢ seribedrthivisifan allamwe thel iceed utédiegnooa tiehtew
state ql wth the state g2 results in a state shown
staitd £ Be exutad the end points based on the state
.--.=ug2 and the transition character b, turn out to
[o18@]d3 15 ug5. In a simlar fashion, nerging the state
gl wth the state gqa, as shown in Fig. 41 causes the
e (0] « I ) e»:
AR Fﬁ&ﬁce‘a‘%&? ?%@é%%ta??f%%ﬂg?@ﬁ{f%ﬁggﬁl B8R &7 in Step

transition charac her tTo turn ou
S R S T TR R e
NG T NTE AL S i T
StagHh 881G Th i G158 Y B 65 ﬁ%?@?é@ﬁﬁ fﬁ%@ SEeteryrpppitions

proceeding to 25 Step S902 (Step $901). 43 [0187] ..
baggscen the srapsitigheharactar Prratls sprtadned amshe sefrdretion
Wh%)tse{:jl ts’tcaxg;?;)Io?ltﬂ: ilssthe states g; and gz that are to be merged into a single
state when nondeterministic transitions are deleted. Merging the state g;
with the state gzresults in a state shown in Fig. 39, and the end points
based on the state g7\ gz and the transition character b, turn out to be g3
w@gs. In a similar fashion, merging the state g; with the state gz as shown in
Fig. 41 causes the end points of the state transition based on the transition
characters b, ¢, and guerer to turn out to be gz\Ugs g¢\vgs and gsUgs,
respectively. |
[0185]

With reference to Fig. 18, the procedure of “correct state transition
based on ouier in Step S811will be described. This procedure uses
CharSet—a set of an extended input alphabet o %s.

[0186]

First, CharSet is initialized to empty, with process flow proceeding to

Step S902 (Step S901).
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Source(tother), and process flow proceeds to Step 903
(Step S902). [0188] 5 If all of the state transitions
each of whose 'start point is Source(tother) are
processed, then process flow proceeds to Step S907. In
cases other than that described here, process flow
proceeds to Step S904 (Step S903). [0189] [If Char(t)
is _contained in the input al phabet E--i.e.,

[0X8dr (t)#0-8 , and 10 Char(t)#60ther, then process
flow proceeds to Step S906. In cases other than that
delNext, Fas abspaed psechss dthntmansité@ds hiose Stap pSHt5Gis
(Step S904). [0190] Char(t) is added to CharSet, with

Souredes | hawppbae fiwfréceeds ep SEIHO03 (SteapSSR5) . 15
[0191] Synbol tis assigned as the next state

[01gginsi tion whose start point is Source(tothe),
process flow then proceeding to Step 904 (Step S906).

[ q:i: %?ﬂ ('f)f:i 1{1{;)}19 étﬁtesérﬁﬁslc‘é%}% e;ﬁjhl OfC{gB&%gSt%}@% ?mtt rlgl Ill.tr&‘eél?o%ber)

each o ose start point 1s urceftothe) ar

ar«? F)gﬁcgeligc?cgnthte\aﬁ%o%s% ipggc‘ee%tdgﬁ:gtél%gfégﬁ 13 LRl (Et%)er than

se star pol n state g, w

fd di to St SQ08 0, S
thfb 65 oed Rl LRSS R RrEhT 1 Dl §OBA BR8N
[0 %rt point is the state q are 25 processed, then

]:)éf cess flow term nates. In cases other than that

IR L0845 conppnen i e ot EMRESE 52U, | Bnarficnny and
Char(t)#aoeher, then process flow proceeds to Step S906. In cases other than
that described here, process flow proceeds to Step 8905 (Step S904).

[0190]

Char(t) is added to CharSet, with process flow proceeding to Step S906
(Step S905).

{0191]

Symbol ¢is assigned as the next state transition whose start point is
Source(toter), process flow then proceeding to Step 904 (Step S906).

[0192]

If, in Step S903, all of the state transitions each of whose start point is
Source(toiher) are processed, then tis assigned as the first state transition
whose start point is the state g, with process flow proceeding to Step S908
(Step S907).

[0193]
If all the state transitions g each of whose start point is the state g are

processed, then process flow terminates. In cases other than that described
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If Destination(t):ASource(tothe), then process flow
proceeds to Step S910. In cases other than that
descri bed here, process flow proceeds to Step S916 5
(Step S909). [0195] Synbol tl is assigned as a first
state transition whose start point is Destination(t),
and process flow proceeds to Step 911 (Step S910).
[0196] 10 If all the state transitions tj each of
hexgphprecess Sow pesicaeds to Beap PAAP Lakam $90&k e processed,

then process flow proceeds to Step S916. In cases
[018dher than that described here, process flow proceeds
to Step S912 (Step S911). [0197] If Char(ti) is
cbihDekstiad tion( A 8ourepitssa), phab erodess flow ptetds 1) 5167 $910.
and 15 Char (ti) Ooother, then process flow proceeds

In éfxeSlotReSHan that daseeibedthiae, phoest latv pesesddriShyr 8916
process flow proceeds to Step S915 (Step S912).

(StéPEb) | f Chal(tj) is contained in ChartSet, then
process flow proceeds to Step S915. In cases other

[01 gpn t hat descri bed here, process flow proceeds to 20
tep S914 (Step S913). [0199] Unless the state

RIS %%Siffgé#g%% .atf.Pr%ﬁ‘s%#%&%%%%%é%@%ﬁ%%% %éﬁjei)s,
1(1] . - . .
DefERH oAt PS Wiyroo Bl uBSRET R Rl B fpeed e
igned as the first state transition whose start
[Olggfnt is Destination(t), and process flow proceeds to

S&fe gll %ﬁ% égsisizteeteax?sgi%ié))r)'s ¢ each of whose start point is Destination(d
are processed, then process flow proceeds to Step S916. In cases other than
that described here, process flow proceeds to Step 8912 (Step S911).

[0197]

If Char (¢t is contained in the input alphabet ¥ —i.e., Char(¢)#0any, and
Char (t;) #0other, then process ﬂow proceeds to Step S913. In cases other
than that described here, process flow proceeds to Step S915 (Step $912).
[0198]

If Char(¢) is contained in ChartSet, then process flow proceeds to
Step S915. In cases other than that described here, process flow proceeds to
Step S914 (Step S913).

[0199]

Unless the state transition trans(q., Destination(tsner, Char(t))e T,
then the state transition trans(qg,, Destinatior(toned, Char(¢y) is added to T,
with process flow proceeding to Step S915 (Step S914). |
[0200]
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[0201] Unless, in Step S909,
Destination(t)#Source(tothe), or if, in Step S911, 5
all the state transitions ti each of whose start point
is Destination(t) are processed, then tis assigned as
the next state transition whose start point is the
state q, with process flow proceeding to Step S908
(St egps916) [0202] _The procedures, descri bed above
hds gesieagdres thediyst statettypasition whasssstarbpolnt is
based on bother' to be executed. [0203] Next, the
Degtrratennite aofl pmeeas\th)vunnmmdsttat%épmlé&@ §908).wi | |
be described. This procedure elinmnates a state that
[020Hs thus far been generated as a result of the
process and does not turn out to be an end point 15 of

aUslexseid Seds 5009 NPksEnatidn@ABRcE )¢ br 8 yn BeepB911,
has no destination to reach. [0204] Wth ref erence

all {2 thge tﬁa%mﬁ@ﬁs B/ 8 veh e sthEPYiRt Y6 DRs Sl heD arB

Step S105 will be described. This procedure uses the

ol U I L N i
e B MG o RESRPSIES (S sgpoeeecs

[02 igned as a first state contained in the state set
@Sand 46 process flow proceeds to Step S1003 (Step

Sf'gg %;éced[ucx)'gso éLscribed above allow the procedure “correct state
transition based on oo’ to be executed.
[0203]

Next, the procedure of “remove unused state” in Step 5105 will be
described. This procedure eliminates a state that has thus far been
generated as a result of the process and does not turn out to be an end point
of a state transition—i.e., :;1 state in which any input has no destination to
reach.

[0204]

With reference to Fig. 19, the procedure of “remove unused state” in
Step S105 will be described. This procedure uses the variable Found. The
variable Found can take either value of TRUE or FALSE.

[0205]

First, the variable Foundis assigned as FALSE, and process flow
proceeds to Step S1002 (Step S1001).
[0206]

Next, qis assigned as a first state contained in the state set ¢, and
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If all the states q contained in the state set Q are
processed, then process flow proceeds to Step S1017.
In cases other than that described 5 here, process
fl ow proceeds to Step S1004 (Step S1003). [0208] |If
the state q is the initial state ga, then process flow
proceeds to Step 51016. In cases other than that
descri bed here, process flow proceeds to Step 51005
progess dlpvepooepds 10 Step SIP0BAStenpba0@.sts a state
transition whose end point is ¢, then process flow
[02@¢t]loceeds to Step S1016. In cases other than that
descri bed here, process flow proceeds to Step S1006
(IDtadt H21610%¢s glcOrffhed 15 tRbetaterseal ardprsdssed, shent 0
FALSE, and process flow proceeds to Step S1007 (Step

pro&t8w phée2blk to Sep 101 75IResditheashan kRhat Hesdrtied

transition whose start point is q, and process flow

her?,re eedsab e ;ﬁto%é’e&'s%SStQa t%@@}@sﬁﬁ)@_omﬂ I f all

state transitions teach of whose start point is q
[02%6 processed, then process flow proceeds to Step
011. In cases other than that described here,

GRS B PO e TSPt e 2800
Sl()é?}: g%&%%goﬁ%%éghg%t@gjiggﬂgﬁﬁﬁ%ﬁ pfrlogé/‘\s/sq{o%: %ggge%%s tt8
Step S1005 (Step S1004).

[0209]

If there exists a state transition whose end pbint is g, then process flow
proceeds to Step S1016. In cases other than that described here, process
flow proceeds to Step S1006 (Step S1005).

[0210].

The variable Foundis set to FALSE, and process flow proceeds to Step
51007 (Step S1006).

[0211]

Symbol £is assigned as a first state transition whose start point is g,
and process flow proceeds to Step 1008 (Step S1007).
[0212]

If all the state transitions £each of whose start point is g are processed,
then process flow proceeds to Step S1011. In cases other than that described
here, process flow proceeds to Step S309 (Step S308).

[0213]

Such state transitions £are deleted from the state transition set 7, with
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Synbol tis assigned as the next state transition whose

start point is q, and process flow proceeds to Step

1008 (Step 51010). 5 [0215] If, in Step S 1008, al

the state transitions teach of whose start point is q

are processed, then d is assigned as a first output

description whose output state is q, with process

fl ow proceeding to Ste 510%2 (Ste 1012). [0216] 10
propessaflow gpecasdipe to Sber PILPLP ﬁtemsbaQ .of whose out put

description is q are processed, then process flow
[02pdbceeds to Step S1015. In cases other than that

descri bed here, process flow proceeds to Step S1013

( Symppob1ad 23signed as The Jiexb stute pudnsiemar whoseostadt psint is g,

renmoved fromthe output description set D, 15 process

and bﬁwo,femﬁaw?%me@@@ fStep BIGP(STPISIBep S1013).
[0218] Synbol dis assigned as the next output

[o2d@spcri ption whose output state is g, and process flow
proceeds to Step S1012 (Step S1014). [0219] 20 If, in

St 81931088 all Igﬁe QR4 a AS SRS L .agﬁsofdﬁ?&]% Shr (?121% is

ouf put “state LS are processed, t t he s%ate
7 b BRSPS Rt SES 6 e,
ouByl B8 DL aros iy BrEar e Sl s .
[OZE%POB (Step S1016). 48 [0221] If, in Step S 1003, al
the states q contained in the state set Q are

If all the output descriptions d each of whose output description is g are
processed, then process flow proceeds to Step S1015. In cases other than
that described here, process flow proceeds to Step S1013 (Step S1012).
[0217] |

Such output description dis removed from the output description set D,
process flow then proceeding to Step S1014 (Step S1013).

[0218]

Symbol dis assigned as the next output description whose output state
is g, and process flow proceeds to Step S1012 (Step S1014).
[0219]

If, in Step S1012, all the output descriptions d each of whose output
state 1s g are processed, then the state gis removed from the state set @,
with process flow proceeding to Step S1012 (Step S1015).

[0220]
Symbol ¢ is assigned as the next state transition contained in the state

set @, and process flow proceeds to Step S1003 (Step S1016).
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processed, and if the variable Found is TRUE when

Found is checked, then process flow proceeds to Step

S1002. In cases other than that described 5 here,

process flow term nates (Step S1017). [0222] The

procedures described thus far allow for execution of

the procedure "renove unused state." [0223] 10 Here,

tfb}ﬁ procedure "renpove unused state" is directed to
[022Bduce nenory capacity needed to store a state

transition table. Consequently, regardl ess of whether

t Hj i Braxc83008, 413 obbhe stades yreenpriveddurthe statecseti @pae

docunment” can be executed. Qrmitting the procedure
propesssil} snd efithet vaviable Fbimed i ERERS svherf dbuhdispheaked, then

mat ching conditions." 15 [0224] Next, with reference
probéssHl@w p2cecdsRo @10 In casayetHeedhagahiat teatébed

in Step S106 will be described.. The procedure renoves
herkPrdtk 898 Rf terHIAGEASEREY SA0AVES. A first case

corresponds to a state transition that has the end
[Ozgg]' nt identical to the state transition based on

orher, one of which 20 exanples is illustrated in

Fig. 42, Referyin Fi 42

+ Fle g ol e g e Pinh Ry Ll L PR ERI R P g MR C  dure
« the transhti%,character b, the operation of the SDFA
remove HIUSASEME ns unchanged. Renmoval of this state
[Ozgégnsiti on allows reduction in the total nunber of

te transitions; whereby the nenory capacity needed

to store the statg 25 transitjion table can he reduced.

aHegedhe rroseduey Femovequnpsed $igte 15 (E‘F%‘ftPfl;Fo ragu%ﬁ

states whose end points of the state trgnsi i ons vvitlh
mep3KEapacity Mepded o storgisriate ranarignitable seayentlyo

each other, one of which exanples is .
regardless of whether this procedure is omitted, the procedure “match input

document” can be executed. Omitting the procedure permits reduction of
time necessary for “compile matching conditions.”
[0224]

Next, with reference to Fig. 20, a procedure of “remove redundant state”
in Step S106 will be described. The procedure removes two kinds of
unnecessary states. A first case corresponds to a state transition that has
the end point identical t(; the state transition based on Gstser, one of which
examples is illustrated in Fig. 42. Referring to Fig. 42, regardless of whether
the state transition whose end point is gsbased on the transition character
b, the operation of the SDFA automaton remains unchanged. Removal of
this state transition allows reduction in the total number of state
transitions; whereby the memory capacity needed to store the state

transition table can be reduced. A second case relates to merging a plurality
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illustrated in Fig. 43. Referring to Fig.43, because
the states gr and ga have the sane end points of
their state transitions with respect to all the 5
transition characters, the states gl and g2 can be
replaced with g-.,=9ql1g2into which the states gl and
gz are nerged. Because one of the two cases deletes a

state or a state transition, whereby the other nay in
of s{atas whesmendnasinis of the state tsrnsitienyivigh zespest do @?(1 the
state transition, the two cases repeat until no
trapgitidreehasmgtars and equal o eacmgtherponé of whlich eyamples is
[0225] Wth reference to Fig. 20, the procedure of
illusteted en fgudtidRdfentinpas Fiprt3, Beepis81theé statds eand gz have
descri bed. The procedure uses vari abl es StateRenoved
theagiind ead goihdfehpitestatd beansatibadivith SispeefRpaNede and

Transi ti onRenoved can take either value of TRUE or

trafifitfn carakb®336ihd Statde of éﬁ?‘ﬁ'{r}g Eﬁﬁ‘%@reﬁl@%ﬁ%ﬁﬁ‘é@??uc]zinw

set to TRUE, wwth process flow proceeding to

whithlff éé&@@?%l%@@ aré %glﬁq. ﬁbaﬁfg@ﬁ,g%f& gﬁ% t"“rzogm\ss deletes

redundant s ransiti I's cal _ process
a stAd@ bl AEEEateRioh RhBreblcthe Aok By SolgB RO be
corg B TS ST A B SR g i
no P55 e 5t PSR AR Soe e, 0, SuP 104
[02r2%ijundant states" is called, process flow proceeds
With rei?efence to Fig. 20, the procedure of “remove redundant states” in

Step S106 will be described. The procedure uses variables StateRemoved
and TransitionRemoved The variables StateRemoved and
TransitionRemoved can take either value of TRUE or FALSE.

[0226]

In the first place, StateKEemoved is set to TRUE, with process flow
proceeding to Step S1102 (Step S1101).
[0227]

A procedure of “remove redundant state transition“ is called, and
process flow proceeds to Step S1103, during which procedure
TransitionRemoved is set (Step S 1102).

[0228]

If TransitionRemoved=FALSE, and StateRemoved= TRUE, process

flow terminates. In cases other than that described here, process flow

proceeds to Step S1104 (Step S1103).
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to Step S1105 (Step S1104). [0230] 5 If
Transi ti onRenoved=FALSE, and St at eRenpbved =TRUE
process flow term nates. In cases other than that
descri bed here, process flow proceeds to Step S1102
(Step S1105). [0231] The procedure described thus far
allows the procedure "renove 10 redundant-states" to
be executed [0232] Here, the procedure "renove
[0228undant states" is directed to reduce nenory
capacity needed to store the state transition table.
CBhe puoentury ‘mergeg zedindanoftatedtinenlletli prqvess 8dwreracseds
omtted, the procedure "match input 15 docunent” can
to Stgpesqqmt(sdep S1i104).ng the procedure allows reduction
intime required for "conpile matching condition."
[02B6P33] Next, the procedure of "renpve redundant state
tranS|t|on in Step S1102-will be described. The

%RQ cQF ABERNERd R akdRehbled CPREUEL Qrotess
r ermve re

ant states, renoves a state transition

ﬂo»?%’hﬂ attQS ase s%@ﬁ%ﬁ%ﬂ ¢4 cﬁ%efir}?e}:r of)rd?:igé ab&

|on en as S

W t en Fig. 21, the procedure of
me %b%?esﬁﬁgmgtﬂjﬁel@*s transition” in Step 51102
[02% be descri bed. 51 [0235] The variable
nsiti onRenovedis first set to FALSE, with process

The procedure described thus far allows the procedure “remove
redundant states” to be executed
[0232]

Here, the procedure “remove redundant states” is directed to reduce
memory capacity needed to store the state transition table. Consequently,
regardless of whether this procedure is omitted, the procedure “match input
document” can be executed. Omitting the procedure allows reduction in time
required for “compile matching condition.”

[0233]

Next, the procedure of “remove redundant state transition” in Step
S1102 will be described. The procedure, which corresponds to the first case
of “remove redundant states,” removes a state transition having the same
end point state as that of a state transition based on oucser, as shown in Fig.
42.

[0234]
With reference to Fig. 21, the procedure of “remove redundant state

transition” in Step S1102 will be described.
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other than that described here, process flow proceeds to Step S1210 (Step

fl ow proceeding to Step S1202 (Step S1201). [0236] 5
Next, tis assigned as the first state transition
contained in the state transition set T, process flow
then proceeding to Step S1203 (Step S1202). [0237] If
all the state transitions t contained in the state
transition set Tare processed, then process flow
term nates. In cases other than that described 10

[02 éie, process flow proceeds to Step S1204 (Step
S1203). [0238] If Char(t) is 6ocher, then process
f T vareedde dransitBurdpeha0&d isl first ast so FALIBE, withrprobeds

descri bed here, process flow proceeds to Step S1210

flow Sireceed P49 StdbS[12039PtdNe81201)1 i s assigned as the
first state transition whose start point is

[028glrce(t), with process flow proceeding to Step 1206
(Step S1205). .[0240] If all the state transitions t1

e Rkt Of 1s"§7s@§1eﬁte?sr fheoﬁi'é%tsithﬁe RANE RS lor?c'é ' epﬂgil&e %tate

processed then process flow proceeds to

B2 2o R USRLERSOAE Spals SRS b

[02339 Desti nat i on(t) =Destination(ti), then process flow
ceeds to Step S1208. In cases ot her than that

d e ere .0cess f 5 eds to Ste 1
(BT tRS Siits tRangliBRS 35pnt et AheS ?‘%F‘P?‘glf?‘{) s Tare
ellmntedfromhhe statetra sition set T, g .
processed en process flow terminates. In cases other tha_n that described
here, process flow proceeds to Step S1204 (Step S1203).
[0238]

If Char(?) is Ootker, then process flow proceeds to Step 1205. In cases

S104).
[0239]

Next, £7is assigned as the first state transition whose start point is
Source(#), with process flow proceeding to Step 1206 (Step S1205).

[0240]

If all the state transitions ¢; each of whose start point is Source(#) are
processed, then process flow proceeds to Step S1210. In cases other than
that described here, process flow proceeds to Step S1207 (Step S1206).
[0241]

If t1# ¢, and Destination()=Destinatior(t;), then process flow proceeds
to Step S1208. In cases other than that described here, process flow

proceeds to Step 81209 (Step S1207).

52




10

15

20

25

process flow proceeds to Step S1209 (Step S1208).
[0243] 5 Synbol ti is assigned as the next state
transition whose start point is Source(t), process
flow then proceeding to Step 1206 (Step S1209). [0244]
Unl ess, in Step 51204, Chart(t) is ooothen or if, in
Step S1206, all the state transitions tl each of
whose start point is Source(t) are processed, then 10
[0242]i s assigned as the next state transition contained
in the state transition set T, with process flow
prloe etadb tga isitiSh s 8lixdihat&d EpnbiRd 8)ate[th2d&tionTdee 7, and
procedure described thus far allows the procedure

procese fvve précReds 8@ Stes 5ALEIU(BSE1208). to be execut ed.
15 [0246] Next, a procedure of "nerge redundant

[o24d]ates” in Step S1104 will be described. In the
second case of "renpve redundant states"-that is, as

'S)Lxﬂﬁf){ Ali€ qfs.éi%tngh%s%et lg%)ﬁ;esﬁﬁ%cﬁqzﬁﬁéﬁ%%ﬁe @tdar’:i): &)lorll?té, is

urality o ates tog I'n the en

S GuSedh Ao BSLbISBALY folp R e f AR 'S

[02 "lﬂerge redundant states" in Step S1104 is executabl e
‘% rough wel | - known procedures set forth in, e.g.,

n- Pat ent, Do t nd the like.. en '
ﬁ? B@éau%ér@r é%@@%ﬁ%@ FogereTod, &%5%%?#3@:@ thae
vari abl e St at eRenpvedi s assigned. a TszégF I n cases
statgithapsitions & pagh obwhgae éFa%MI%%we?w & are gEpeessed, then

. StateRenovedi s assigned as FALSE.  [0248] .
tis assigned as the next state transition contained in the state transition set

T, with process flow proceeding to Step S1203 (Step S1210).
[0245] |

The procedure described thus far allows the procedure “remove
redundant state transition” to be executed.
[0246]

Next, a procedure of “merge redundant states” in Step S1104 will be
described. In the second case of “remove redundant states”—that is, as
illustrated in Fig.43—this procedure merges a plurality of states together in
which the end points of the state transitions for all transition characters are
equal to each other.

[0247]

The procedure “merge redundant states” in Step S1104 is executable
through well-known procedures set forth in, e.g., Non-Patent Document 1
and the like. When this procedure merges one or more states together, thé

variable StateRemoved is assigned as TRUE. In cases other than that
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Next, with reference to Fig. 22, a procedure of
"generate state transition table and output table" in
Step S107 will be described. The procedure 5 extracts
the state transitions 11 and the output descriptions
12 fromthe state set 25, the state transition set 26
and the out put description set 27, to store the
transitions 11 and the descriptions 12 into the state
desarzhest hensn the abtiebly Statg&emaned is hesigmeputs ¥ALBE.
storage 12, respectively. [0249] 10 First, when the
[0248] al nunber of states contained in the state set Qis
assigned as N, each of the states is assigned as an

uNlepte watlateferaritean Figl 224 peidcedfurs &f Ggddyratghtale transition
(Step S1301). [0250] A first state transitiont is

talﬁétaﬁﬁlc&lﬁ?) ut 9Pkt e SE&?‘SQOW@HFI)& deBcrsbdd. Thelprocsller:
S1302) 0251] If all the state transitions

extraffy ﬁié%gté atnlgﬂsiocﬁsaif a%xﬁ%%'&dt ﬂt 8hcriftifns 12 from the

processe en process flow proCee s to Step S1307.

S S
oRBHESenllabef 1l oF) B SR I tpipgransison
| cul 32

talil? Fkezerd 69\}} 6&%52‘5%%& s éﬁeé%eggslte%tlﬂysmo@

0253] 25 The state transition hash chain 34 is
Y stituted of a current-state- 54 Source(t),

i nput -character-Char(t) and next-state-Destination(t).

t dirg, when thedtetiak purmber of gtates cantaippdin the ﬁtfﬁﬁlsn‘?% ed’ 1s

33 whose offset is the hash vale
assigned as M, each of the states is assigned as an unique state number

Stateld @) of zero through N-1 (Step S1301).
[0250]

A first state transition £is extracted from the state transition set 7'
(Step S1302).

[0251]

If all the state transitions #contained in the state transition set 7"are
processed, then process flow proceeds to Step S1307. In caées other than
that described here, process flow proceeds to Step S1304 (Step S1303).
[0252]

With respect to a current-state-Source(d) and input-character- Char(t)
tuple, the hash value calculator 31 computes the hash value 32, with .
process flow proceeding to Step S1305 (Step S1304).

[0253]

The state transition hash chain 34 is constituted of a current-state-
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32, and process flow proceeds to Step S1306 (Step
S1305). [0254] 5 tis assigned as the next state
transition contained in the state transition set T,
process flow then proceeding to Step S1303 (Step
S1306). [0255] If, in Step S1303, all of the states
transitions contained in the state transition set
Tare processed, a first output description 'dif .
Sowre(thdnput-tharactan (hze( D andnexdssata Pestinagien(q tvpls, is
S1307). [0256] If all the output descriptions d
addedrtbaheedatentrineitinrt hash pesdter B8 whosseoffgpt iathe hash vale
processed, process flowterm nates. In cases other
32, adrpriobeds flew Probadls toeStep Pr3v6tStep ISIB0H).oceeds to
Step S130 (Step S1308). 15 [0257] Result(d) is added
[0284] t he condition nunber chain 42 to the condition
nunber index 41 corresponding to the state nunber

S ' | f
o8 BB UR0 bRy Rl Rl ReRggne s

0hol . di ' : i(Rtd

RS 2 SR BB Mgty Sa005 Bl 100

[Ozgrﬁgn proceeding to Step S1308 (Step S1310). [0259]
procedures described thus far allow the procedure

DR ST B b S AR P bl
tralrlseiftiegnege%eTgxqe ngdesggd, af Ele‘Stp(;‘uOt%%g lffe%cr?{)tﬁ? 3 fé;hexit{jfc%d from
the output description set (Step S1307).

(0256]

If all the output descriptions d contained in the output description set D
are processed, process flow terminates. In cases other than that described
here, process flow proceeds to Step S130 (Step S1308).

[0257]

Result(d) is added as the condition number chain 42 to the condition
number index 41 corresponding to the state number StateldState(d) of
Stateld), with process flow proceeding to Step S1310 (Step S1309).

[0258]

Symbol dis assigned as the next output description contained in the
output description D, process flow then proceeding to Step S1308 (Step
S1310).

{0259]

The procedures described thus far allow the procedure “generate state

transition table and output table” to be executed.
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docunent” w Il be described. [0261] 5 First, the
initial state qo is set to the state q, and process
fl ow proceeds to Step S2002 (Step S2001). [0262] The
out put table storage 5 is searched to output a
condition nunber 16 associated with g. This procedure
is inplemented by sequentially searching 10 for
ointers to the condition nunber chain 42
[026@) r esponding to the state nunber Statel d(q) of the
current state 13 of the condition nunber index 41, .
| Subsdquenslys orith referemertocFige B3i tee peocaduee pEénatch input
searched, then process flow proceeds to Step S2003
dochfiixmi] wi]]l?oeuﬂ)e:sarisbedpl etion of all input, process flow
term nates. In cases other than that described here,
[02e1ocess flow proceeds to Step S2004 (Step S2003).
[ 0264] The next input character 14 is received from

t Past, URetinShaY f5t& F]ﬂ{se:féq%f) thé stadg 418 pRREeSE ek 143cb§ds
assi gned as or, process flow proceeding to

004 0265] The state transi t| on
to S%gl e stora téé%?@ 0% ) che. :

is"searched to check whether or not

. [Ozéﬁgre exists a transition destination qdfromthe state

ased on the transition character a-i.e., whether

B Bub it Rk e B R AU 3 A58 rlfber 10

e eX|sts he transitian destin

assécl:la %dsgmf}} gv\;l‘ ISoRnesgdure 1s 1mp ementg& lby seauénélaﬁy searching
for pointers to the condition number chain 42 corresponding to the state
number Stateld q) of the current state 13 of the condition number index 41,
. If all the condition number chains 42 have been searched, then process
flow proceeds to Step S2003

[0263]

Upon completion of all input, process flow terminates. In cases other
than that described here, process flow proceeds to Step S2004 (Step S2003).
[0264]

The next input character 14 is received from the input character reader
7, and the character 14 is assigned as ¢, with process flow proceeding to
Step S2005 (Step S2004).

[0265]

The state transition table storage 4 is searched to check whether or not
there exists a transition destination gsfrom the state g based on the
transition character o—1i.e., whether there exists trans(g, g4, 0 T—and

process flow proceeds to Step S2006 (Step S2005).
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to Step S2007. In cases other than that described
here, process flow proceeds to Step S2008 (Step
S2007). 5 [0267] Synbol gdis assigned as q, and
process flow proceeds to Step S2002 (Step S2007).
[0268] If there exists no transition destination qgd
in Step S2006, whether or 10 not qd exists-i.e.,
whet her there exists gd which is trans(q, qd, aother)
{02aB]T-is checked, process flow then proceeding to Step
S2009(Step S2008). [0269] If the transition
dé shémasiion tie ®xhsitin dédtingtioT @gsthiehqwopessciew proceeds
Step S2007. In cases other than that described here,

to sn@éopseeavfhp&ﬁéys%ﬁ@fiﬁlm tHet SRRIbSAHEre( ProrRsSERR) .
[0270] The state g is set to qo, with process flow

pro%eg%@tggs{g@o@@l@gﬁggg 7). [0271] The procedures

scri bed above all'ow the procedure "match input 20
[Ozéi‘gcunent " to be executed. [0272] By exenplifying
cases of the matching conditions 2 illustrated in Fig.

of the input string.s ' 4
S5 B0 afis s ancibe} ahhd REpdeR i Brlishs 26 by 82002
e [fent will be described below. The matching 25
(StpagiiTon shown i & g. 44 is that by which the
ngatation of the matching 57 condition in Fig. 52
[ §&$idi cated in Patent Docunent 3 is made to conformto a

format in this enbodi ment, being | ogical equi val ent
t18 theea exigbswno trarsigon destmationqu 1ngStep é%OOSC,1 whetkler or

not gqexists—i.e., whether there exists gswhich is trans(q, q4, Oothed € T—is
checked, process flow then proceeding to Step S2009(Step S2008). |
[0269] |

If the transition destination gy exists, then pi‘ocess flow pi‘oceeds to Step
S2007. In cases other than that described here, process flow proceeds to
Step S2010 (Step S2009).
[o270]

The state g is set to go, with process flow proceeding to Step S2006.
[0271]

The procedures described above allow the procedure “match input

“document” to be executed.

[0272]
By exemplifying cases of the matching conditions 2 illustrated in Fig. 44

and of the input string shown in Fig. 54, the operation of the string

matching system of this embodiment will be described below. The matching

condition shown in Fig. 44 is that by which the notation of the matching

57




10

15

20

25

52. [0273] 5 By executing a procedure "conpile
mat chi ng condition" shown in Step S51, the state
transition table shown in Fig.45, and the output table
shown in Fig. 46 are generated fromthe matching
condition in Fig. 44. Here, the state nunber of the
initial state is set to zero. [0274] 10 The state
tranS|t|on table in Fig.45 represents in a table %
condifipr i Figtod mdiga tent dipcumante3 15 madertpsAntors o a
storage 4, and the next state 15 to the input
formiagrindhisrembodianent, betny logidally ediivalems taghat shewe in Fig.

will be 10 when the state nunber of the current state
52.is six and the input character, "d." In the figure, a
synbol "-" denotes that no next state exists, and the

[029Bhte 15 transition storage 4 can store such a
conmbi nation without using much nenory. As shown in

FBY exe3utihBe R0 dRpild RidtehHgddhdtbANBAGKANn Whidtep
out put requires 90 conbi nati ons, whereas in an exanple

S581RWLthid fﬂa&sﬁftﬁx ta O}Qf mﬁ%hxhoﬁg%s P 6u fpﬁf%ri:%blé Sbown

may merely store provi des an ect that
in PEE 8 Sy PR et e BB cBRaRiqH o *3% AR, the

By LS D BT o eomoni oo (o

[023 whi ch indicates, for instance, that when the
3rent state is four, a condition nunber of zero is

A B a8 535 DS snf Bt e gurent
R SRR grgmgl;fé;segﬁe AP P LR e 1
to the input character 14, e.g., indicating that the next state will be 10 when
the state number of the current state is six and the input character, “d.” In
the figure, a symbol “—” denotes that no next state exists, and the state
transition storage 4 can store such a combination without using much
memory. As shown in Fig. 53, the conventional finite state automaton with
output requires 90 combinations, whereas in an example shown in Fig. 45,
information on 46 state transitions may merely be stored, which provides an
effect that reduces memory negded to store the state transition table.

[0275]

The output table in Fig. 46 tabulates the set of the condition number 16
corresponding to the current statel3 stored in the output table storage 5,
which indicates, for instance, that when the current state is four, a condition
number of zero 1s outputted.

[0276]
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initial state (state zero). Subsequently, the first
character of the string is read, transition being
nmade to State 2-the transition destination of the 5
character "a" in State Q(zero). Since the transition
destination based on the character "a" is defined, it
IS unnecessary to nake reference to O-other, which is
represented as. "unnecessary” in Fig. 47, Next, the
Jconexemmlactia 1Vallustratesihe onerafivn of thesysiemdn g gase
made to State 5-the transition destination of the
wherh amaiaipert stzingiof “saea’ds inpneiet, Finse, thei state was set ko the
"d" is read, and a 10 transition is nade to State
initf] shetet (statei zeiron Stdbst quattlprtheffirsh zhacader vfithe atring is
State 9. Next, the fourth character "a" is read, a
read [t288§ i‘tio@rbéiﬁ'gﬁﬂaﬂ@@@ Stte Bt-3he tizhditiondeatisiationrof the
destination of character "a" in State 9. Input

chat£%68 N @SSHRE B(zd18% Bihce 1he Thth 6N dbiianslonttRGaEIditthe
set forth in Patent Docunent 3 requires seven tines

chaggctggké”nig cfe?i;]n%rd? ACR dfhdBEsayabtmhkaRefdrbAfe tABL&r, which

ased upon t same conditions, whereas in this

is rwggﬁ@na[st ‘L@%ec%.égeﬁﬁﬁr” % Eﬁ%{ £F NELD ghg\‘sééon MdraGher 43P is

way, res invention is’directed to prevent
he rfor mance .deqr adat i e . . :
read Jf, affh REFRRRR, HSHAEE T bPenrhe shARRBRAdcstination of
siring npt,chi RQ, ettj,ng,t.o,tw ce or.less r
the Sharailerea WS thte b Mefte D P bRa et ¢ T8 YR and o,
tahl e .due to transiti failure. 027 re, the ., .
tranReRIRGadn i STUR 3obe branntiondetianabe charidier o in
the _purpose, of conparisgon, with fhe techniqgye set
Stape;Pt Ngxh %batfewethcﬂgapmﬁ?ﬂr 318 2@4. e?strénﬁ%ﬂ‘?fg Ea%%made to
condition in which transitions from¢the initial state
Staimied-the teansitionglestinatiomaptehaspstesr'a” ap Hbaky?- lgput
obj ect of the matching condition shown in Fig.44 is

termnatgedmeré.y a natching target string "abcd" even if

an one
[0277

The conventional technique set forth in Patent Document 3 requires
seven times of making reference to the state transition table based upon the
same conditions, whereas in this embodiment four times of referencing will
suffice. In this way, the present invention is directed to prevent the
performance degradation due to repeated transition failures, and to enable
high-speed string matching, by setting to twice or less per character the
reference count of the state transition table due to transition failure.

{0278]
Here, the matching condition in Fig. 44, which is sét forth for the

purpose of comparison with the technique set forth in Patent Document 3,

has a particular condition in which transitions from the initial state based
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of the characters thereof varies. Wthout al nost
varying the object and the neanings of the nmatching
condition, the matching condition in Fig.44 can be 5
converted into that shown in Fig.48. This case further
reduces the nenory needed for the state transition

t hus aIIOMAng a benefit of the enbodi nent to

enh [ 0279] cutin he prqcedure ! COITpI
ﬁfﬁt%ﬁ?‘ﬁg’hébﬁ‘ﬁ?fﬁ e aﬁwsm% oljec of ghesmatgh rls,cgtwn
fromthe matching condltlons 2in Fig. 48 the state

showamg g d4 is tapdentifyonmatehmatarget stwirg taheds evpnat any one
table shown in Fig. 50. Here, the state nunber of the

of fhei dhizabcteratierest gaties oW thmut 4lorBoyarying theatbgect and the
transition table in Fig. 49 neans the sane as that in

mehingn gAS, the ibatubdng leenditidis the imstchig tomdisioni iankig.44 can be
needed to be stored in the state transition table

corledtcllintd that slesvs e 1ig 483 Thibcade Rirtédrslwebehemidmory
in that further necessary nenory is reduced. [0281]

neé\&HdeﬁY he sta{’cett%éﬁﬁtfbfn thEs AAbeMh S Y HeRRsik tof 8RS editiddiment to
48, Fig. 51 O illustrates the operation of an
begHHHhceﬁ“ ng "xabxd " Since in State 0, the transition
estination of the first character "x" of the string
[0%7%%not defined, reference is made to nthe,. However,
transition desti nation has yet to be def i ned The

" Eiteoilifik Fne groddifilre " Bhfini B Thatehibg SanfitldrE R fu step
TR s SR e

har act er t he thij r ar act "
takig 2hawn %W 4% we@ tﬁﬁ Oflﬁeuttﬁltﬁs ﬂ%{flat&el‘é'ﬁ g‘? Heast thee
strin t transition destination of the " xi' is not
stagem; é,pglagﬁ&; state 15 set to zero.

fo280]

The state transition table in Fig. 49 means the same as that in Fig. 45,
and the number of state transitions needed to be stored in the state
transition table storage 4 is reduced to 23, which provides a benefit in that
further necessary memory is reduced.

[0281]

Moreover, in terms.of the matching conditions 2 in Fig. 48, Fig. 51

illustrates the operation of an input string “xabxd.” Since in State 0, the

[T 1)

transition destination of the first character “x” of the string is not defined,
reference 1s made to guwrer. However, the transition destination has yet to be
defined. The next state is, therefore, set to the initial state, i.e., State 0,

when reference is made twice to the state transition table. Hereinbelow,

transitions are made to State 3 and State 6 based on the second character
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made to bother, and the next state 1 is obtained. At
this nonment, reference is nmade twice to the state
transition table. Furthernore, a transition is made 5
to State 2 based on the fifth character "d." Since
State 2 has the. nunber zero being present as the
conditi on nunber 16 turning to be output, this wll

“ be outputted. In this case, the reference o%n of the, ,
gndithethudseharaater s respadivaly- Smeern tﬁ?@ hayagiRre X
‘that as set forth in Non-Patent Docunent 1, a genera

of tFAthngi the traosidienpdestizativeofitned 16 @Obéieﬁmgée&fa}'ence 18
Moore machi ne that outputs two kinds of infornation

madd td acgepind theinéxtegtace 'l iaobtinmedup thisainpheddt refgyence is
determ ni ng whether or not there sinply exists a

mad®bfidel torthawhey trafsRioraikib] Agrthesmore, 4 bfamnsition is made
enbodi ment can al so configure a string matching 15

to Sﬂ% Q'Ba%@&tonct%teﬂmzﬁ ch¥WPadtbP g ” Fintd 604t has the acesidr’
‘reject. [0283] Note that the enbodi nent

zer&l Bgﬁ{aé ﬁlge@ ﬁP 4s the EoH@ﬁnﬁlsﬁﬂﬂﬁgr r1tdurdthe B outa this will

I ng target are acters," which are not

be Adt%‘u‘tge%[ Ih%hik“ ﬁ@?@é&k&&té e tﬂé’%tf\ﬂ%hﬁ@ﬁio% fable

an-ar rary a data string.
rea(glgaracters rray be applied to identify, for exanpl e, a
quence data neasured by a sensor and the
[02é%t [0284] It should be noted that although the
odi nent descri bed above enploys the state

nsition has abl 35 for t estatetran3|t|
ot thaf 2 Shicigetty “Batent oqparentel C%Ea'a?’éalg?“ having
esentlngatwo 61 di ne stru

no %@%L@%&e gggrae%w. bag spreial Mogee WE}S' o?*éaf( %H‘EPH ?

may be used to inplenent the taple storage Ai
kinds of information of “accept” and “reject” as the outputa phabet. By

determining whether or not there simply exists a condition number in a
matching result, this embodiment can also configure a string matching
system that outputs two kinds of information: “accept” and “reject.”
[0283]

Notebthat the embodiment described thus far has assumed that an
input target and a matching target are “characters,” which are not limited
to human-readable strings, but applicable to an arbitrary symbol string, and
a data string. The characters may be applied to identify, for example, a gene
sequence, data measured by a sensor and the like.

[0284]

It should be noted that although the embodiment described above

employs the state transition hash table 35 for the state transition table

storage 4, any data structure capable of logically representing a two-
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[0285] It should also be noted that with respect to
frequently used states such 5 as the initial state, a
data structure such as an array that provides a high
access rate may be used, while with respect to
| ess-frequently used states, data structures such as
a high nenory-efficient hash table and the tree
structure, may be used in conhination, [0286 1 .
dindoRPRR LR AE R R Pa S SRP iR SHIER g oizap RerHCtES b Frigk
thus far enploys the state transition hash table 41
maydie ugpd &%@emeaﬁéhﬁutah e gflorage 4t orage 5, any data
ucture capable of logically representing a one-
02§5inensi onal structure table such as the tree structure
and the hash table, my be enployed to inplenent the
t bslkodticrlagbe ﬁnté%thdﬂ&d&ﬁﬂeépedtﬁﬁ&k@mdﬂﬁ Wsed 628€§ such
The present invention is applicable to a string
as thed Ditiad seits} £ data 8Qudbu@ls (GhMdvEn aWha that slovideta high
1. A string matching system conprising: a state
accbEaPStel in@H Healted, GAARY Rt rdsPbctIRBESFici@etly used states,
deterministic sfate transition table including fail ed

daﬁars%eaeéureglsama% gﬁ'ﬂdé_ yterfﬁa%hﬁ hQQh tRBREth P thtree
mat chi ng condition descri In a regular expression
strQé/téH@' Rybe 195 Hleéo%ﬂiﬂt%d c state transition table;
and ’
[0286]
It should be noted that although the embodiment described thus far
employs the state transition hash table 41 for the state transition table
storage 5, any data structure capable of logically representing a one-

dimensional structure table such as the tree structure and the hash table,

may be employed to implement the table storage 5.

INDUSTRIAL APPLICABILITY
[0287]

The present invention is applicable to a string matching system.
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an automaton for making a transition according to the
state transition table generated by the state
transition table generator; wherein if no
next-transition destination with respect to a
current-state and inpu%;;&@hsfter tuple exists in the
determ nistic, then the t on make a transition
VVhatito qgﬁrgdexernined state based on an exclusion _
SRAHMEELIST 2 The string matching systemas recited in
claiml, wherein if no next-transition destination
state with respect to a current-state and i nput-
character tuple exists in the, non-determnistic state
Li r ads SiRg Malshing SstenacemsEEBE: on t he mat chi ng
condition, then the state transition table generator .
gener & $tgte Hrangyian talle generatostfer geagrating p detprministic
based on which the automaton nmakes a transition to
stateetransitioal tablairclwding failed trapsitiony and/on exalusioa transition
i nput character. 3. The string matching system as
basediared matchireg conditich deswritedhin 4 regulds expaession by using a
froman initial state qo to a predeterm ned state ql,

napndeterntinistid stage tlansitiemtable] &ndry state g to an
arbitrary state g2, are possible based on a

pr edetaer diitoashtbhaos inhaleiheCh BadsitRin dccdrdifg itd the state
generating the determnistic state transition table,

trdi¢tiSh blel g hicddBy HROS@tIRARERIGH t%ﬂé’ %{eh@rétﬁﬁ wherein if
non-determnistic state transition taplethe state
nd ﬁg:gi-h‘ahgﬁlcfr{ ag%ttéllti]%l 5 %1212 Zgéﬁ%erg‘ittﬁtaecﬂrrg&-kfﬁe and

predet erm ned e predeterm ne
PR AR s Bl S RBBAGh e o
30 B9 gpidstestipest Srabhaseinn gh 3t Fsidh Hbraster

tabl e generat or merges output descriptions based on
state nerging, to generate an output table; and the

automat Qn del i yers output agcor.ding. tqQ the output
2.1 afihg string matching system as recited in claim 1, wherein if no

next-transition destination state with respect to a current-state and input-
character tuple exists in the non-deterministic state transition table
generated based on the matching condition, then the state transition table
generator generates the deterministic state transition table based on which
the automaton makes a transition to the initial state without proceeding to
read the input character.

3. The string matching system as recited in the claim 2, wherein if a
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5. The string matching systemas recited in claim1,

wherein if a transition destination gl of an

arbitrary character transition and a transition

destination (g2 based on a predeterm ned character a

whi ch exists in the non-determnistic transition
transitiél feomt 4}¢ ixsitil %tdté%ﬂﬁtd h‘iﬁe&é‘féﬁnﬁéﬂ %&%Qf] A szﬁfsmon

the determnistic ranS|t|on tao e y re aC|ng t he

from éﬁ ﬁﬂhh%f s‘i&l%r(%% %h érb?t‘? ét%ﬂe bt Brd PSSSlBYé:b $¢PBn a

further lacing tra SItIO dest nati on ase on

predel{eﬁtt?un% ﬁ%ﬁfsﬁ%&'x 'Eﬁgrécft?f‘ {Hegg rfg rtl?lr Vﬁétgrrﬂﬁ{sﬁtcestate

e transi are

o e B B
R e L R

state,transitijon bl ener at or, ner at.es
state gk e, Pledsteinfach stalf o batad:On she Hepiearminéddransition
lurality of states with a state into which the
Chara‘g?ﬁf’allty of states are nerged. 7. The string
matchl ng systemas recited in claim1l, wherein if in
instance in which the state transition table
Iqmn)erator generates the determnistic transition
pring matehingysystpmetietesitedriadclaimtl whengin iwken a
predeterm ned state g2, the predetermned state g2 is
plurality mfenatchimg sonditiar islinpatied intonthesstateutsamsition table
character, then the state transition table generator

genergfengthet statd fransitiosy viblé geherdtoaniirges dutpld dedttiptions based
merging wwth the state q3 a state transition

on stattefidrpiig, a0 #&Eﬂesd@bbtﬂlﬁ' t8bld; arid el A8 AOA R fvers

state ql. e string matching systemas recited in
outputcéc?dd”fﬂiln% wﬁseebﬁwmaﬁreate transition table

generato in gerierating a nondeternministic finite

automaton, generates a state transition assigning

ansitions based on a netacharacter "." as arbitrary
I{qg Sting matehing syistem as recited in claim 1, wherein if a transition

4.

5.
destination ¢/ of an arbitrary character transition and a transition destination
g2 based on a predetermined character ¢ which exists in the non-deterministic
transition table, the state transition table generator generates the deterministic
transition table by replacing the arbitrary character transition with the
exclusion, and further replacing transition destination based on the
predetermined transition character o with a state into which the transition

destinations ¢/ and g2 are merged.

6.  The string matching system as recited in claim 1, wherein if a plurality of
transition destination states based on the exclusion character exists in the

non-deterministic transition table, then the
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9. The string matching systemas recited in claim1,
wherein the state transition table generator in
generating a nondeterm nistic finite automaton,

repl aces transitions based on the netacharacter (a]
with transitions based on a character a and

state traasRidd title pRnefhton geRcfitel d%té%ﬂu‘ﬁ'i‘ﬁ!caﬁ‘aﬁéltﬁﬁi fitle by
10. The string matching systemas recited in claim 1

repladingr t‘h'erpluf‘al Sates widY ﬁ%fa% iRRFWACIE e Pf—\h‘éﬁty of states

char acter her are mapped to an i1dentical stat
zn.emiépgguthe state transition table generator deletes the
65 character-based state transitions. 11. The
string matching systemas recited in claiml1l0,
wherei n: when the normal character and excl usi on

<) 0 an.id caI ate
7. %?gerﬁ&éﬁéaﬂcg\lﬁélsy gtr?g? QEE%FIQ%L ﬁp F’éﬁﬂgl h%ﬁ@ are
el ete [ of. es tha s to a
1nstar}c&= gé?h 6‘?%5?'110’3;%1? ng}ega 05 atFsith€o one;
and. regul,ar ch acter and an exg¢lusi on _character
deteripipisgic ﬁﬁ%%&l&'ntfe%gydaﬁwl@gm Bredeterpingd stade g/ with a
lurality of states that naps to an identical state
predelesminey SRt ﬁ@rﬁd@,teb@élnedrﬁtﬂg%q% istraapped to Bstaterg3
normal - character-based state transition are del et ed.
basedion thsexelusionchataster shey the state trassitieni table genienator
wherein the state transition table generator

generatesfthguletermindste teansitios talledsyanrerpimmwith tre sttt g3 a
according to a hash table. 13. A string nmatching

state frangitiom destimsiarhivipse startipgnbys tenpredletenired state g 1.
conmput er, wherein the program nmakes the conputer
execute the steps of: generating a non-determnistic
state transition table based on a matching condition

8. THesefihBesatching spaehPis Feoiedbitl ARImA) dvhérel? the state

next-transition state wth respect to a current-state

transuﬁ‘ﬁﬁtdbﬂ‘@gbnéf’a%f“Cihe%ede‘thﬁ @hShdeteRminitic finite
non- det Srm ni stiic Btate trans|t, on Tabl e generat ed
autom#BHE BeALrdtBE a WAk dMkition assigning transitions based on a

metacharacter "." as arbitrary character transitions.

9. The string matching system as recited in claim 1, wherein the state
transition table generator in generating a nondeterministic finite
automaton, replaces transitions based on the metacharacter /@] with transitions

based on a character g and transitions based on an exclusion character Got#er.

10. The string matching system as recited in claim 1, wherein if a normal
character and an exclusion character Gorker are mapped to an

identical state, then the state transition table generator deletes the normal
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condi tion, determ ning an exclusion character based on
which a transition is nade to a predeterm ned state
wi t hout proceeding to read the input character, to
generate a deterministic state transition table; and
maki ng a transition based on the determ nistic state

chhpgbibaled etk arasdifioaked wWith the state transition
tabl e generator. 66

11. The string matching system as recited in claim 10, wherein: when the
normal character and exclusion character Gosker are mapped to an identical state,
after the normal-character-based state transitions are deleted, a plurality of
states that maps to an identical state for all

characters is merged into one; and a regular character and an exclusion
character cother mapped to an identical state after the plurality of states that maps
to an identical state for all characters has been merged into one, then the

normal-character-based state transition are deleted.

12. The string matching system as recited in claim 1, wherein the state
transition table generator configures the deterministic state transition table

according to a hash table.

13. A string matching program for matching a string by controlling a
computer, wherein the program makes the computer execute the steps of:
generating a non-deterministic state transition table based on a matching
condition described in a regular expression, and if no next-transition state with
respect to a current-state and input-character tuple exists in the
non-deterministic state transition table generated based on the matching
condition, determining an exclusion character based on which a transition is
made to a predetermined state without proceeding to read the input character,
to generate a deterministic state transition table; and

making a transition based on the deterministic state transition

table generated with the state transition table generator.
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