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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 teohnol ogi es for matching
characters=in a sentehce 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 h(pEgC}@fp'pvael y searching -
docurrents A met hod of sear chi ng includes that of

desr gna%d%smreg EM(%?S??;%%S Eﬂ%gﬂ?%r

expr essi ons . whi ch, t?ﬁg m €. 9., | Non Pat ent

Docurent 1,” are no oNn fNAt" T epr esents a.class of

[403) uages as referred to as regul ar. 15 | anguages: It
known in the-art that a strlng 'm tchi ng -

%&@ﬁ%ﬁeén SRR t X rSFg g%ﬂglx IIA?HI?B. ng éharacters in

: (determnlstlcflnlte auto on) 0 The string
a gantancagvith enpatiern g 98%@&\ %gwﬂaﬁ@ﬁmm of

state transition: est a’state and a-
state transition function. The state transition _

tions is a function that determ nes:the next state ..
W th respect to a current state and input characters. .
I n Inhrecaitryengsddoimegt digitizattiow hasibegn inlproBreks mlmvaneby
- state transition -machine reads input text on a ‘

a 20 state transition machine (an automaton) . 'The
pgﬁﬁ L

offieldagtiais hﬁdni?%ntdii‘wmt@forkmmahﬁabﬂ eﬁadnmely searching -/
' t

transition to the next state obtained by

- documents. A method of! aearchmg includes:that.of matbhmg charac’qars ina

document with a pattemr deswgnated based on. regular expressmns The :

regular expressaons,-whlch are set sfm:th in}'e.g.; Non‘P&tent Eocument 1

are notation that. represants.a. claSS of languages as refex:red to- asrnegular

languages Itis we]l known-in the art: that a strmg maﬁcinng techhmuem 3.

: which the regular: expressmnsrare used as searcbmnda.tmns is based:ona

DFA (determmmtmﬁmte»a-uﬁmmaton);u-- z e ;

foo0sl e e
The.;string'mat'ching 'te‘t:hr:ii'qu'e“f-byethe BFA»i’s-‘baBédupan & model o_f a '
| state transitiezfafh.a_chihé (an’ aﬁtﬂindtbh)i-‘*i‘hé’atai}ra-.trgnsi#ion méchineg - o
- incorporates a’ state‘zahd-a'-stetef transition funhtion;iThe“ state transition -~

function: is a?ﬁinctiaxx that determines;thanext state'with respect-toa. i

currerit staté-and input chiiracters: I the-string matching technitpue using

, ‘the DFA, the state tfr.ansition'rma_‘chiné reads iﬁput;-téxt"mi'.a'Echaracten'by;- ;

25

character basis, and makes a transition to the next state ob'tainéd, by
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appl ying the state transition-functionto a _ _
current-state-and input- characters tuple. Thi's nethod
al | ows mat ching to. be: perforned by scanning the text
only once without backtracking, thereby enabling
~high-speed string matching to be performed. \Wen

mat chi ng based on:a plurality of conditions 5 s
perforned, a finite automaton (Nbore nachine) with

- ap}ﬂsrm%thess@lw Erarifibe YERctSHE bo halrrddiestRishand inpptnded

and e output is defined for each state-in order to

chfirabicrd %ﬂ% %4 idtR6E aWBHY mykélihe vB tefierorhesd Bg_scanmng

successfu been perforned. [0004 10 VWi lte a

erRtAKE ohlyPBS ﬁwgmow %g&%gagk@aﬁd Sfab e dBy ik hIghOU R string |

expression I's t on,’, ther

Sy RETA RS YR FRRE b of VYR Gebbiions

L o oo e V48 B

'emefqyﬁﬁte” hyBaF 485 Bnd e i5enlidd aﬂ@ﬁ%ﬁ?’tﬁ@%@mmwﬂh
stale a@é@"r‘:t%sqihégsamﬂ@m&'v%ﬁﬁ Spileb b s tebing s |

achl eV|n he DEA state transiti.on function tends to
suyge e A mat chi ng condition shown in

Fi g. 52 whi ch i s d| sclosed in Patent 20 Bocunent 3;
[60941 aken asan‘exanpl es: Shown-in: Fig:. 53 are, in a

finite automaton with conventional output; a failed

f uNehilen DRA statd tramsiticmBindtion is datermined byacregular

~generated fromthe matching condition shown in Fig.
eXptesdion thiat is twlye atrhatchiing eohditiom; there habeen hairocedure

retains 90 different tuples with respect to the state

thatrteaipoRhrilPcaivbrtd vandhperpiausidd fts an NEs (iondetesifinistic

generated. 2
finite automaton)rand then the NFA in turn into: tha EFA, whmh iswell

" known and set forth in, e.g., Non-Patent Document 1. Tha strifig matchmg

| technique by the DFA. hasa feature that prow.des h1gh lspeed processmg, :

which, in contrast; has raised a drawback in that -a-:state : bmmuon table for

- achieving the DFA state txanéi_tion function tends tufberénozfmdus; ST AR

[o00s] - T o

20

25

A matchmg condition’ shown in/Fig: ‘52 which is: dlscliJsed in Patent’
Document 3;:is -taken asfan-'examp'ler-Shown'm'-Flg‘ 53fare, in aﬁmte .
automaton with conventmual output a failed function and a state transition
table that.are. ge.nerated from the: matchmgs condmon shown:in E‘xg 52.. In
this'way; the dtate: transmen table that retains- 90 l’hﬂ"erent tuples with:

respect to =the_-atate.numbear..of 18 and five character- kinds, neads to bé

-generated... .-
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[0006) As a rrethod to sol ve such" probl em Patent
Docunment 1 and Patent Docunent .2 illustrate a net hod
of reducing nenory. capac:lty inthe state transition
table, by renoving, after converting into the DFAthe
. state 5 transition table based upon the AC(Aho

- Corasick) technique, fromthe state transition table
the transition operations to an initial state.and its

| [ooesd state. The string matching techniques shown in

Pat ent Docunment 1 and Patent, Docunent 2, however does

NOA 5 RSBt HodtaIl0é Blick povhleim, Pdtent Poeamdit band Patent - -
mat chi ng. target because of t'he -mat chi ng target bei ng

D%du;ﬂlé&@z mﬁéerg a o P%Hrdfrt@dti&h\g%ﬂﬁ: Dg@@g&tnﬁu the state . - |

nikng t nction 1n at ent -

trg?éé?@ﬁrangf‘tf POAHECEREE o ERHAR D hEDEA Hfoltte -

oo b e P05 i N 4 e
: h ) h failed f
trﬁﬁtsla@%e%%@?t Fos @» bpErath i i 1! il 33 b?ﬂé’%i@ mext,
I I g
statforbhe SringRRIchGE e&%&ﬁémig%ﬁ%%ﬁ%ﬁ%ﬂet Fwa

'to the failed function hus resul‘tl ' Blrght mﬁessmn
~condition shown in Fig. 52 mhlch is di'sclosed, in
torhet @ matchingtayget becauserofithe matehingsargetheing Lipited fo fixed
- 54 -are the failed function and the state transition -
strialg keyvartlsare generated fromthe:matchi ng ~-condition

in Fig 52 which is di scl osed in. Patent Documant 3 25
[DOO’DP] 3. i 1.- 3 ; S "

By defining the falled ftmct.mn in the DFA, Patent Bocument 3 also

_ indicates a method-of; reducmg the state transxtmn.table The method shown .

in Patent Document 3 may in some cases result in anothem fa:lure of

transition in a st.ate m;whach the. trans1twn <has been once, made: by the

~ failed function—in mher‘wcrds transition failuire: muld /i some s:tuatlons
o chain- react. In. such a;case, a problem has been that ther&;s a need for -
| references to be repeatedlyt anadeto the faﬂed funatmn, thua resultmg in the:
. matching epeedhemgmduced T P T AT R
[o008]. '

+The matching condition shown in Fig: 52, which is disclosed in Patent -

o Doctiment: 3;is taken as.an example. Shown in Ei"gﬁéii.am,theifaﬂbdm SRR

functioh:and'the state transition table that are geriérated from the matching

condition in Fig.52, which is disclosed in Patent Document 3. . -

'[_0009].:_:;_ S B
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A case mhere the natchlng condltlon IS that shomn in
Fig. 52 and an’ input-string consists of "aaca," is = .
taken as an. exanpl e: _[QOlO] The net hod disclosed in ~-: -
Patent 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' colum of the input character "a" in-the line

of A 846 wheid thd\matbhing donditibh 1o thitdHdvn TH @iﬁ 52 and an
third character "d" " is read, in a.- simlar- fashio

ngﬁi\‘,estﬂrﬁé &)ﬂ%h%ﬂ“@aéar ’a{bsﬂa‘ldeﬁrhé ﬁﬁﬁkﬁn@l@ 3 to, St ate
. Then,, -reading thé third character "d results in
[ Jstate- making a transition fpom 10 State. 6 to

tate 10. Si'nce, when a fourth character "1' appears

core RN éﬁd@ﬁ%ﬂéﬁg&“ﬁﬁﬂ% it laflihid} e to
Sga‘ﬁe@ Ite? %ﬁt# cﬁg{q r(eﬁg E} tg%ﬁ g}qﬁgﬂs $q§;§sltton to..:

R 5 At SRR Son b S A o

charact " the: state_nakes .a transition'tqg State
ewcqie. %at%@anﬁwmt%hleﬂheaﬁ mﬁ hapndar tgﬁ’emslte&flem a
fa|IS|n|tstranS|t|onto State b, However, " the fact
skmider faphiony thietstate making attransisisn mapoviate & taState 6: Then,’
character "a" exists in State 2, either causes the
regding the thutdeohairacm ‘¢t results in theatata maptingta trangition from
transition' destination when the state fails inits 20
Statar&td Statet k0. Sinte; wherladotieth charatcter 25appeats néxt, e -
exi sts State'3 of the transition destination:

howeversthess agistono tiumsition debtinatioh dosredpondirigto tHent e

transitioning to State 3. As described above, -four

chariter a1 thebtaté firef Makes estrangitidicteSaite. 5 tintsisithen -
tabl e and their state transitions, are nmade with -

 traespeeh dbstiRation When: Méta@bdﬁﬂ@i;ﬁitsat?&l&ﬁﬁohmﬁa@é 18 . . |

total of seven tines of 25 the state transition with -

- 'Fh?ﬁﬁ&ﬁiorbob&fﬂifselﬂtﬂ% 5%@&&%@& Bbstinmaﬁ %rre%pendmg to
‘ the character “a "< the statemakes a transitmiito Sf.ata 2, ~whmh is the P

| tranSztton- destmatmnewhenthe -state fallam 1ts ~tr-anmtwn-to -State A L

However, the. fact that 'no ~transzt:1on destmatmn wmspond.mg fo the

char—acter &’ -existsin State 2 é:ther causes tharstate to- make a transmon :

to State 1, wluch 13 the transmon destmatlon when' the; state faﬂs in. 1ts T
- transition to State 2 The fact that in State 1 there exzsta State 3 af the

transition destmatlon con'espondmg to.the eharaeter “d’ leads to the stéite

tranmttomng to:State 3.’'As. deacnbed above, ﬁour times in total of referances

to the state transa,tion table\andtheu sﬂate braasltmns, a:re madé Wclth‘ i

' respect to a fourth input-character, which: reqm_re_s a totta_l of ‘s_aven;,ta-mes‘ _of '

the state transition with respect to four input éharg;ét:é;fs'; In.this manner;



~ the nmethod according to Patent Document & may in sone.
cases repeat ;- “failures in state transitions and
requires making a reference to a transiti-on
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
.- increases, which results in matching performance
- thgesethied amdxdg Wﬁﬂeﬂﬂdﬁeﬁanem 3 ey ieadme dAsed repeat
‘Hopcroft, D: J. Ulman, "Formal -Languages and their:
faRires i@ Btdte tréndivignband Mﬁuﬁmnmkﬁkea refdieAre tha. transxtxon.

Pat ent Docunent ;1 Japanése Unexamni ned Patent

ANt dtici FRrbvidey 'fdtﬂﬁfé SNthe28hsititd) 20 poblenBag bben that, for

Docunent 2 Japanese Unexam ned Patent Application

| ° :
e Bbhant e iR Rer Toh e fhap weEs %‘%“%*S%%SS’%“‘SSG

5 1453%?%?%'?? Sf_%SQIE ‘#‘%ﬁ%@gﬂé e pr es,ée?tTa Prvent i on

[dgﬁ irected. to solve the above: described problem 20 |
(} an obj ect is to reduce nenory capacity needed to

ﬁ ‘g tetranﬁetlontable With respect to string -
5\?@“ %P@H gul ar- expressi ons-are used as the

E 3 loenehet o Wilgvin,FEosmn Lonaepy %ﬁ%@ﬁ%ﬂi{ nS‘so

tran5|t|onfallure|s it tedtotvvo or Iess per '
 Automata,bAdienn Piselo 5 o b
| 10 ~ Patent Document 1 S SRR R
Japanese Unexammed Patent Apphcatlon Pubhcatmn 2004~ 103035
Patent- Document2 T P PRI RV ;;.'%-'f?' S

- .Japanese Unexammed Patent Apphcatmn Pubhcamen 2004—103034 bt
‘Patent Document 3 I R "p-;u‘z;y SPRPR
'_ | 15 Japanese Unexammed Patent Apphcataon Pubhcatlon 2994926 - Lovgn
| . DISCLOSURE/OF THE INVEMIGN .
| [Problem thatthe Inventmn is to Solve] AN e .' S
. [00121  iowsowi RN et T i e
The present: mventmn is dzlrected to: eolve the abeve deecnbed pmblem .
: 20 ~and an ob]ect is: to reduce memory capacity: needed td sto::e asstate transitidn -
table with respect to etrmg matching in Whmh reg\tlar expresawns are used
as-the matching conditions.::: ...« ;;;.-s.:."-;-;i.;' e ; us R ,, :
| '[00&31 vy '_”-?"7 P g ' PR feriretn Ry i--rl-;‘"‘i v ‘; ST
| Another ob;ect isthata. reference eeunt of the. state transmon due. to -

25 transition failure i is, hm1ted to two or less.per character, and performance
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" -degradation due't &-"’?fépeat ed transition failures is o

prevented, thus enabling hi-.ghspeed string: matching to.
be performed., (Means for Solving the Problen] [0014)
5 A string matching system associ-ated with the . '-
present, invention conprises a state transition table

_.generator that generates a state transition-.table

based on matching conditions described in regul ar

transition according to the state transition table
h@ﬁfe@ﬁ%ﬁ%ﬁﬁﬁ;}ﬁﬁ@wsb@rﬁiﬁmm_ tabl e generator; if .
no 10 next transition destination with respect to a

MGl for Hob¥ifighd Prdblm] characters tuple. exists in

the state transition table generated: based on. the

‘[qu%hl ng conditions, the automaton nakes. a transition.

back to its initial state wi thout proceeding to read

[ oo Pie BRRIAAR B Siem a@%@%?%ﬁ@@&@?i%ﬁ?%’ {%V%E%gnls -
I | ses a-stat transjtion, t:a e
that

el e fationdable Eoeaed et Aroirntey 4 AR
trBRpHEs PG based fa rhatebing SoniiEias dreprihed i Regdlar

transition acgording to 20 the state trapsition,table

exprassignecsyellpe an Antomatonmakes & Tapeitina accerding tothe

no next :transition destination with respect_ fo a

 state transitionteblargenerasied by the state teansitipn taklegenargtor; if no

the state transition table, generated based. on the
newittransiaodeitination widnoespectipng icuyrentmdate anddnputs
. the state transition ' table can be reduced in such'

- characterstthple dxtistsdatthesstate tminsitioni tabhlepenerstedAmsodoin the

"toits initial state w thout proceeding to read the
matchingaoaditéins, $he aGtomaton makes a transition back toits initial -

- state without proceedingto read the ihpu’t%qharacters.?r'sa':ja RN I
[Effects of the Invention] - _ | |

A 'string matching ‘sysitéh‘rassbhiated*'with.the‘zf:fésént invention

~comprises a state tra_néitibn_ table generatbr_v‘thg;t-‘generates a state

transition table based onmat_;chil‘:zg conditiqns-deiééribed’in' regular

expressions, as well as an automaton that makes a; trahéition- according to

the state transition table generated by the state trahsitieﬁ*tablaf.generator;: -
if no next transition destination with respect toa quira-nbvét&te- a-_z_i‘c_l;iilput.- B
-characters tuple exists in the state trangition table:.g_eriéxat‘e!d,bahed-on the

m’atching conditions, meniory capacity needed to store the state transitioi:

table can be réduced in suchia way that the automaton makes a transition

back to its initial state without proceeding to read the.idput 'chéra_ctgr's. :
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BRI EF DESCRI PTI'ON: OF DRAW NGS. [ 016] Frg lis an”
; expl anatory di agramlllustratl ng a configuration of a:
strlng mat ching system 5 Fig. 2 is an explanatory
~diragramillustrating a configuration of matching
conditions 2, Fig. 3 is an explanatory view: .
'|IIustrat|ng a configuration of a condi ti‘on equatlon
17; Fig. 4 'is an explanatory-di agramlllustratlng a
conf i gur at i BRIEF DBSCREPTIGNOF DRAWENGS gener at or
3; Fig. 5. Is an 10 explanatory -di agramrllustratrng a
[ooqallguratlon of a-state transition table: ~storage 4;
Fig. 6 is an explanatory di agramlllustratlng a

COIf & JU{s3r BRplahatéry GldgPin lRREALH©A VAR Uration bf & stnng

7 |s an explanatory diagramillustrating a

%%nﬁn -of a matching result 10; Flg 8is a
'Iustratlng 15the-operat|on of the. :

St U6 A GelloderBogiofishouod Wighbason of

' di tiaon 101 is a flowhart: |IIustrat|nga B
“ﬁ?—?@b‘&é a‘??}%%ddlnga farledtransrtlonto an '

state .11 ij’s fl owchart il | atr
or Bib A% eRolaadiory view Alnsbudhiag sionBenrabid atgr?éldm
|n|t|al state(lf there exrstséﬂotranltlon ‘

qratiomaTi on Figohis epcexniapatory Eﬂt"&ﬁm@a‘hy)

' 12 is a flowchart illustrating aprocedyre for - -
: .ccudgglagtrpn@ fracetate) transitientable generator Hi ¢ | ii"llgsﬁa% angf’

there exists a transitjon destination from

'- explanatorystiageam ddustrasingm configwmtionyof 4 state. taansmon table

rovvchart |IIustrat|ng a procedure for rermvr ng a 7
storage 4; - o0 . ; . i P

F1g 6 is an explanatory diagram ﬂlust.ratmg a canﬁguratlon of an

output table:storage 5; . Fzg Tis-an explanatory daag‘ram :illustratmg! a

configuration of.é. Zmatclnng result 10 - Flg. 8is a__,ﬂowphart illustrating

‘the operation of the strmg mastchmg system; ; '.;‘f'?a R

Fig. 9 13 a ﬂowchart lllustmtmg a compxla operatlon of the matching. -

‘ condatmns, . Fig. 10iis.a ﬂGWChart ﬂlastratmg al procedure for addlng a

falled tranmtlon to an xmtlal state, S T B P SR ST LTS YRR S

~ Fig. 1lisa ﬂowchart :llustratmg a proeedure for addmg the faﬂed

‘transmon to the m:tt1a1 state (if there exlst.s no tranaltmn destmatlon from

~ the initial state based on a'my)

. Fig. 12 is a fiowchart illustrating aN.prd@ﬁureaferﬁa'ddihg_the failed .
transition’ to the initial state Gf there exists a traﬂeitibﬁ"..déétinatie'nffr_oniﬁ i
the initial state baséd on Gany

F1g 13 is a flowchart ﬂlustratmg a procedure for remuwng a

S B L T T
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nondeterministic transition; Fig. 14 is a flowchart -
illustrating a procedure for initializing a state set;

Fig. 15 is a flowhart:illustrating a procedure for
renoving the nondetermnistic transition associated
wth E5 Fig. 16 is a flowhart illustrating a

procedure for renmoving the nondeterministic @
transition associated with Oother; Fig. 17-is a

| 'nbh'duxdrmihjgtidwahﬁimdmg’ a procedure: Sr generating a new

state; Fig.- 18 is a flowchart illustrating a procedure .
f OrFigon4 8¢ hiflikvchast Al@stratifigld prvb&hr foRdaRialofing a state set;

~sorb,,; Fig. 19 is a flowhart illustrating a

IOlr TEgdus G b Fow ARy INGEtRRLIHBYSEfbeo bR for rEixﬂJwﬁQ thé a..

flowChart "i'ITustrating a, prgcedure for removing”a

nﬁﬁﬁust rﬁﬂ%nstﬁ:tﬁﬁﬁmtxjo% s%c d‘vﬁtﬁzf.low‘:ha”

I'ng a proce renovi ng-a redundant

2 ce‘éiﬁﬁé @??&%Eﬂgﬂ%ﬁﬂg@ﬁ{%?@ﬁ&a%%sreH@“"ﬁﬁé_
P @rdrisk Ecttgéﬁ?%fo sbispd ik ooy Zﬁ“?ﬁéht
o Ehinp webary Bloslpatiag auproon o ggmepafip ”'aagew

state di agram for expl ai ning replacenent. of a

stadeachar acter ™" Fig. 26 is a state di agram for

expl ai ni ng an NFA i ncl udi ng E transitions to the

i nifiigal8 it adlowobagt ilbystrating W@Mﬂgﬂmpmcnng astate
expl ai nilng oni ssion of the E transitions; 25 Fig. 28
tiansition basedipngraes 'f-or - expl ai'ni-ng ‘a. case where: the s
failed 8

Fig. 19is a ﬂowchart 111ustrat1ng a procedure for removmg an unused

.state, G, ottin . ,"7-_-:",.:,-::;' i BT i.,"l"{

~Fig. 20:is'a flowchart Illustratlng ar precedure for- rémovmg a rednndant

_state, ‘*_ ISR ;'"';1 cre B ; ".‘T{-.".i',r“.".'

~ Fig. 21is a ﬂowchert i]luetrating‘a:pmc'eﬂm_: for_:"remojv,&;ig:a, redundant
state transition;: - . + F1g221s a flowchart Mtraungapmdure for B |
generatiing a stafe 't-ransit-iuﬁ ‘table and anbafpﬁt table; '. it - Fig.23isa -
flowchart 111ustrat1ng a procedure for match'mg an mput document. - Fig..
s

24 is a state dlagram for éxplaining replaaement ofa matacharacter

- Fig.25is a state diagram for explalmng replacement of a-

metacharacter “”; B e R

F:g 26isa state dlagram for explammgaan NFA mcludmg etranaatlons |

to the: 11111:1&1 state, G ained s e el U s '_:f:_g;;,;;;_ SR PTS EER

Flg. 27 is a state chagram for explaining omissien of the & transitions;. .

Fig. 28 is a state d;'lagxam'.for explammg a case -wher_e}the‘fa._iled .
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“transition needs to be added: Fig. 29 is a state

di agram f or expl ai ning addition of the failed _

transition Fig. 30 i's.a state di agramfor expl ai ni ng a.

case where there exists a 5 transition fromthe
~initial state based on ate; Fig. 31'is a state diagram

" for explaining addition of the failed transition in .

the case where there exists the transition to the

- tiamsitioth needd & baaddedn Qany ; Fig. 32 is astate 3

di agram for expl ai ni.ng renmoval of a nondereninistic 10

tr §igi 29 tna eheetiagr £atie bxplafhing é?nﬁdxmanaomtﬁﬂed
~ diagram for expl aining the renoval of the

MRS ni stic transition (after renmoval ); Fig.. 34_-|s

a st at e ‘di agram for expl ai ni ng renoval of anot her

T 804 $tate tfoPExéHﬁ?é% %w&e tl’xére': é:ﬂ tsa

a state |ag am f or removal

t@%ﬁ&%&oﬂ 't @-{nglgg{é-gagehad}lsatlon (after rem)val)

agram f or ~ &%pl aini ng renoval of

#ﬁsaﬁ" 4 h%ﬂ*ﬁ#ﬂ%@f&%m 3 163?%@ Q%%”@f&%ﬁﬂgﬁgmmm
iz Flé%é‘i‘e%r‘? Yherotiap st e fransifonds the il _ St@%bﬁ@?%mi Gury

for explaining renoval, of yet another -

' nonder eni ni stic tranS|t| on (before fenoval ), 3= g 39
is_a state diagram for expl aj ning the renmpval yet
andliged2 1@ trtectingram; for explanmeremayalaf o e%%m}mzeﬂtm

Fig. 40 is a state di agramfor expl a| nl_ng r_ermval of

- tzpasition (heforroremapval);

Fig.'33 1s a state: dlagram for explammg the removal of the
nondereministic trans1t10n.(after reniova])

F1g 34 1 1s a State d;tagram for fexplammg remm%*al of another

~ nondereministic transxtlon (before removaD

Fig. 35 is a state dmgnam for explmnmg ths removal of another K

"nonderemlmstlc transmon (afber removal), N NI

5,

Flg 36 iga statae dzagram for: explaamng removal of stlﬂ another

: nonderem1mst1c transmon (bafore removal);

‘ F1g 37isa: state dlagram for explammg the removal of atﬂal another :

: nonderemlmstlc transmon (after removal); S

Fig. 38 is a state diagram for explammg removal ef y‘et anﬂﬁher
nonderemlmatlc tz&nsn;lon (before removal),

Flg 39isa atate dmgram for explan:ungi the‘remoﬂél‘feiyetianother -

- nondereministic transition (aﬁ:er removal)

~ Fig. 40 is a state diagram for explammg removal of yet Stlll another- .



o nonderem ni stl c _-tl, an5| tion (before rermval) Fi g 41 is
a state diagramfor ‘expl ai ni ng the renoval of .yet )
still another nondereministic transition (after
‘renpoval ); Fig. 42 is d state diagramfor explaining
- renoval of the redundant state 5 transition; Fig. 43 -
“is a state diagramfor explaini ng nerging of redundant
-~ 'states; Fig. 44 i's an explanatory di agram- '
: ‘nohﬂmhlmhsmgtr&nemtfn thefote mofalll  mat.ching - .condi ti on;
Fig. 45 is an explanatory diagramil]l ustrating a .

- COFip o4t & 4 etateldiagsivitfor ék?lmmmgtﬁhl@aﬂzw?eﬂ EnHSanother

an explanatory 10 diagramillustrating an out put

nbARRminigtic ﬁ-ﬁnhﬁlﬁp(m RRRdwy, di agramillustr ati ng.

an operation exanp e, Fig. 48 is an expl anatory
8,
TR 4 4 A2 R 5P BB ol e SOMGRRARL st
II atlnga configuration of the state transition .
ta"gﬁ%ﬁls Fig. 50 is_an explanatory di agram

glllﬂlui éﬁ’:tl ngmctgrri‘%wgl?on [o; the

i L@?’f%?*%r?&trﬁﬁaf*ﬂﬁvgﬂms’
I 01 h hi
%‘gw a%&%%@e@geﬂ e RS pRRgRragen of g
53 -a conventio state transition table th
Ming t g #a48a0 93P 3ty dingramy ratmg a

|s ‘a conventional state transition table-and output

canfiguratighcfraistade transitian tablee | rreﬁ‘tg :&6 {sm exﬁa@@tury
Nurmeral s]- 25. [0017] 10
dzagram ﬂlustratmg an output tabie, '

Fig. 47 is an explanatarydmgram Lllustratmg an’ opemtmn example, l.
Fig. 481 is an explanatory dmgram Mnstratmga conﬁguratmn af fl:he
matching condztmn,- o 'Flgrf49’ isran: exphmatory dmgram J.llustra:tlng a
configuration of the- state transmon table, S SR
| Fig. 50 igan bxplanatmy dlagram ﬂlust:ratmg a-. conﬁguratmn of the
outputtable, | _ R ;;-t‘..,g"..,';;-'a,. o U TR ,'
F1g 51is an explanatory dlagram musnratmgaanether operatmn
example, I '_ . S RIS S ;,.f_-;.i.j.;.._ : \ e
Fig 52. shows a matchmg cond1t10n as dlsciasedrm Batent Document 3
Fig. 53 is a conventional state transmon table- wzth autput awordmg to -
- Patent Document'& and L e ST N '
| F1g 54is a conventlonal stat&tranmtmmta.ble; and uutpu,t tahle
_ accordmgto Patent'Boeumenﬂ Bucttrin v gt e i w-'-utt';_'?i:.z_m :u-_-g HE
[Reference Numerals] . | | ‘ .
001 e

-

10



1 String matching 'system 2 Matching conditions-3 State .
transition table. generator -4 State transition.table .
storage 5 Qutput table storage 6 | nput document 7 -

I nput character: reader '8 SDFA-automaton. 5 9 State
storage 10; Maitching result 11 State transitions 12
“Qut put descriptions 13 Current. state 14 |nput :
characters 15 Next state 16 Condition Lunber; 17

s .DOIStﬂngQaeﬁﬁ@k'@@tdlﬁ Condi ti on gemtdmngmnd&l&ﬂs

State transition table generation control 22 NFA state -

- geistdfe iahsftion Qaﬁlb@%%e&hﬂﬁ set 34 Sfafe Srahsition table storage.

descri ption set tate set 26 State transition set
%Wue %Sate %’%gﬂs?ﬂ oﬁlhglgﬁ poi’ k’ter‘l‘b‘aﬂ“&*g t%t a?é o
S 1 L ity
o BT P TR
- 1haclafflrantions [ooso) CSEf 'Rg?é‘?ut Ot dgacriptigns - -
strl ng matchi ng system 1, which is fpSyStem in the 11

-'1§r dsurrent gtater i on' for matchw ng dt I8y -

ul ar expreSS| on, . o ] - _
15 extstate - -« ... .. o180 Condxuonnumber

17 Cbndition-eé;uattion— Sl 18 Cohditiﬁﬂtdeségipﬁbﬁs;.
10 21 State transition table genaratmn contml 4,22 “-~NF?Istﬂte sot .
- 23 NFA state tranaltton set .24 NFAstate descnptlon set.
‘25: Statesget " : e 261 -State. transmomset Pl
27 'Output.deécriptiensaef*‘ e e 31y }Haah;'v&iue.ca_lctﬂatqr\u-;-:.-: %t
32 Hasthalué SR .38 Statetransmonh&Shpmnter _
15 34 State transition hash.chain. . 35 &aﬁtﬁ;gﬁsiﬁa;x’hag@tahle,;r.e
36 Comparat:or PR ETER ; -x-télr,ﬂ(;b)iﬂiﬁit;n;mmhaﬁindex'-ﬁ- o
42 (Condition numher cham _-‘._t. ‘-:.t. '.‘,jé-;': tl 4 et e
+.BEST, MODE iF@R GARRY{NG ‘OUT ’I‘HE INVENTION
__.-20 [00181 e e g e e Sl e [TREIT
R Embodiment 1.: P PP f’
Fig:: lisian. explanatory .dmgram ﬂlustratmg amnﬁgura:twn cf aa stnng;
matching system.ir 7. T S R R okt 5 1 T i oot
- fooxrg}: - SRR »‘f:.!r T _ il SISt : |

.',25 ; Referring to Fig. 1, a string matching system 1, wh.tcb. is _agsyétem: inthe .

11




del i vers out put- as a ‘mat chi ng resul t 10 as to mhether

or not some satisfying . matching conditions 2 are

contai ned in an input docunent 6. The. matching" '

conditions 2 describe string matching conditions,

being inputted-to the 5 string matching system1. A
. state transiti-on generator 3 generates fromthe

mat chi ng conditions 2 state transitions 11 and out put

pitesaiti invention ¥8r matehinged bfigng BRHirse sdregiddCexpression,

transition table storage 4 and, an output. table

It ASutput S AftENRIgreshte10, sasetoeovhéeteilotrlm sohfY adiSafying

retains a state- tranS|t|on 11 tuple.. The output table

r8AQhAYUE conditiofk Pade Gniiry ]%6 ?ﬁf’&l,’n('tl t % . §.2Thd. E:?atehmg

“input docunment 6 Is a target Is.to

: CHﬁar Werég%r%ghg&ﬁ%ﬁ{a al n ’t@ﬂéﬁ%%d to'the
e ut chara ers 14 .
BRI L A R A § Bapetath from the
current state a state cei vin
tiafchite ronBibus 2 stabs Praelniang n] a0d cpeppb Adserivfdas 32,

: mgreferencestoth% statetranltlontablel
detlatégst eghtp 8 gEatG rpusitiondable stospged and apoutput table
automaton 8 renews the current state. 13 stored in the

- storage Sreeseptiyelih Thouatate Sransition stovnge retaing s state
The state nenory 9 stores a state retained inside the
tepmitionudomple Theontpuiriobdlewstorage 5rotaimsthetdwsput. -

: : mat ching result.. Reference 20 Nuneral -11°is the state .
10 desemptionoh2. Fhe mmput dosumment 6 inadatgat doepment that is to be
characters 14 and next state 15 tuple. Reference )

matcbed! At inpuhchiracter tenden (Tt gutracts S:hnrantemene byone,
current state 13- and condition nunber -16 'tupl.e.

chatained e the eyt dﬂmmﬁ&esewdtmgthemtatmpulﬁeharmm 14,t5
Nurmeral , 14, the input characters; Reference Nuneral

. ahSDFAcateiatens; ﬁ.‘heaSDmﬁﬁtc&ﬂﬁﬁnm Bttrak a tﬁﬁ'réﬁt state: 13
~condition nunber: 12 [0020] ‘
~ into a state memory 9, recelvmg input charaeters 14 from the input -
15. t chara'cter reader"? -By'makmg references to the“state ti'anmtmn- table -

- storage 4 and the output table storage 5, the automaton 8 renews the
current state 13 stored i in the state memory 9 and outputs the matchmg
result 10. The ‘state m'emo'ryrg stores d state retained indide’ ther SDFA

. automan 8. Referenee. Numeral 10 shows the matching‘reet:lt. Reference '
- 20° Numeral 11 is the state transition, being a current'atate 13, input- -
o characters-14 and next- state-15 tup!e Referenoe Numeral 12 whlch is the’
output descnptmn, isa current'etate-13 -and cendltmn-number’-lﬁ tuple:
Reference Numeral 13 is the current state; Reference Numeral 14, the input
characters; Reference Numeral 15 the next state; and Reference Numeral

25 16, a condition number. '

12




. mg ['l'l

10 -

! 16

20

25

' Frg 2 is an explanatory dragranrrllustratlng a o
conflguratlon of the : matching conditions 2 in the -
present invention. Referrlng to the figure, a =~ '
condi tion equation 17 is an individual condition
configuring the matching 5 conditions 2, in which one

~or a plurality of such condition equatlons 17 is
contained. [0021] Fig. 3 is a dlagranrlllustratlng a.

-~ foogof i guration  of t he-condi tion equation. 17 in the

present i nventian: The condition. equat i onl7 is

nié 5 3h Biplhligict %ﬁgﬁ%gu.sﬁ“mﬁ%a*@“‘éonﬁ?%ﬁfﬁ“’
g%gnd q1832 HPPEY hi't?s[eo‘égﬁvéﬂﬁeﬁ de nyhtb o figure, a

I'ng con ns describe e regul a

L.essSi on..

coeﬁﬁr% i Tl ndlrisd 8@%@1‘?&0%@&#&3% £ #"&“ﬁmg

present inventi Ref er.r to.t rer

S5 2oV BIAC O, AE A eSSt b Sl P&P&‘ﬂgng 17is

operatlonal procedure for generatrng a state _
comtained: i on gener ati‘on table. An NFA stdte set 22

NFA state transition set-23, an NFA output - =
0@8%Lr|pt|on set 24, a-state set 25, an output

transition set 26, and a state description set 27 are

daFig. thisvhiisgrateilusirating atconfigurationofthe: cged@m paation

control 21 makes reference. [0023] Fig: 6

Ok

. Vlimtheprdseht shvartion) Bhe eondigion miummiﬁfmgmnﬁgumd by the

- the state transition table storage 4 in the present

condyiitih ntimbéiel G rwhivh is@ humbetiforiariguady: dlﬂmgmbhilm @
31 represents a-hash val ue calcul ator, which.25.

: __cd“n@ilﬁielﬁ eguatibasind al ¢covrdifioh rdeﬁi:ﬁbﬁomll& @’hlchtthmtmmhmgl

the input 13 characters 14. The hash value 32 iI's.a
cd(ﬂ'lﬂi@nﬁﬂ%ﬁt%ﬂ ﬁﬁtﬁwrégaﬂaﬁaﬁﬁeeaioue SIACIRE

: (0022] R Sl e %'5'?',.-1"*- RN *;1 SR REHE

F1g 4 isa dmzrama muetmtanga conﬁgm'atmn of o' matehmg condition 3

_Im the present mventwn Refemng to the ﬁguref a state tranem@n table

generatmn control 21 controls an operat:mnal prooedure for generatmg a

| state transxtmn generation table An NFA state set’ﬂﬁ an:NFA. sbate

_transxtmn s6t; 23; an NFA output descnptlon eetn24,’a‘ state sett%;ran output

transmon set 26, and. a sta.te Tcleecrlptmn get 27 are data fn whmh the. state
transition table generation control 21 makes referenee g L
[0023] o :. Co e T R R A R * e o

Fig. 5 is e diagram-mussfatingam example of a: eenﬁg:umtien;éif the.: .

state transmon table storage 4 in the present mventmn Referrmg fothe -

: ﬁgure Reference Numeral 31 represents a hash value calcu]ator, whmh

computes a hash value 32 ﬁ'om 'the current state 13 andthe mput s

13



cal cuI at or 31 A state tran3|t|on hash p0| nter 33 i's a
table that stores a 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 -

" chatatters BR Plshadlevahat 82 id 4 ¥akid éstipheusiag uhef-‘lfaehpvalue

10

.- 15

conparator 36 compares a tuple of a current state 13a

calkdldtop 3. ANRLES trahsitich hABK ﬁi&g?%%%%ﬁ?l@ €hat ¥okds

that of a current state 13b i nput aracters ‘14

PEALEY of oo SR hoh B 94 S funaition

HabhUBALARTR o SPL LR R B BB AP AT e

ﬁ*%%ﬁﬁt‘eﬁhﬁ e %ﬁs'efeeme eﬁﬁaeg E R—

i spBtiel e e st iphuRih miator B thestare

exanpl e of .t matchl ng, result 10 |n the present.

tranpitien bﬂsht: n 34ph cAMRAraten 36 compares e eew fefrecurrent

-condi tion nurrber 16 by which theéel nput docunent 6 o
state Ifaandinmusbanactpratdacinnntted ropponiderwith that of a

~explanations on the systenis operation of the present
curreahstate, 13bandrinputccharabtsirs Ithatoredeineths sppdel transition -

foll owi ng explanation will be described next. [0027]
hash pable3%; ¢0-ofrtputrthemextastaiat ent' :Docunment 1 and fhe
|ike, a well-known 14 deterministic finite automaton

[00243 output i s given by a tuple of. (Q B d, 8,

Fig.6is a dmgram 111ustrat1ng a conﬁguxatxon of the eutput table . -

storage 5 in the present mventmn A condttmn number mdex 41 sbores a

\,plurahty of pomt:ers for | conrhtmn number 0ham 'Phe cond.ltzen number |

chain42 is a pemter and. conchtmn rmmberﬁl& tuple therefm:

[0025] St (‘ R 1, ;rn K : > -

Fig. -.7. is:a*diag'r&mfi]luetrating*aﬂ e:taixﬁple'-of'ethe: matehi'ngresdlt-- 10in .

the present invention: The matchmg resuit: 10 mdudeethe condition -1 '.2:

. number 16 byiwhich thel mput document 6 hae been eucceeeﬁtﬂy matched

w

‘[oo26]

Prior to e:iplenatiens on the system’s eperation of the preeent ihvex:tt:ion,’

terms and symbols. tzhat are.: employed in the. foﬂemng explanauon wﬂl te '_

: de8¢r1bed nexts i coiirre e s ?': iy i I '; A g

C[0027) e e e

%

As is set forthin: Non-Patent Document 1 and the hke, a well*known

14



10

A q), where Qis a'state set; E i s an i nput -al phabet, "
i'ncludi ng an enpty character 'd is . an output

-~ al phabet; S, a transitipn functl on (XE->Q; vy, _
~output function (Q>d); and qo, an initial state 5
".[0028] The SDFA automaton 8 of the present i nvent i on
is given by a tuple of (Qs, Es, ds, Ss, ys, o).
[0029] Here; Qs is the state set 25, correspondl ng to

ddteemihidtie fisite Quedmhbtn with 6apiibighved byl el tuple of 60 2: 4, 6,

finite automaton wi'th output: [0030] Symbol ds, which

A, §2,29heHd ta tabe et . isartidRit dlphaBeS 1H(Flgﬂi‘&?an empty -

condltlon ers 16 in the enbodi nent

t
3 0 o PR ) bR R (0.0 o

‘ st at d the input .
‘X@%ﬁﬁ‘%‘i’é‘g{ﬁ@és&@% ’%g'lne%?lsss e%]e 15 tur nout to be
[O?Pg whi'ch is represented as Ss(gs, OB)=qd’

%i nafter. [0032] 20 Symbol qo.is the |n|t| aI ‘
ich nmeans t ane a i.n the we
cnie %’ﬁ’g‘é Arigmagton éf oft R AR @HFBJ%Y a tuple of
0033 a%: 5 Es i's an extended .i nput al phabet in
v O dwoldr ar charact'er Cany and an excl usi‘on.
char acter Oother . are added to the |nput 25 al phabet E
[0029] he conventional finite automaton witH: output -t hat-

is, it is represented that Es=Eu{Qany, Cother}. 0034]
‘Here; @,is the state'set 25, correspond.mg to the state set gof the

conventmnal determ:mstlc ﬁmte automaton mth cutput

00301 . e erh e E e

Symbol Aa, wh.mh is aﬂ output alphabet isaset of aets of such -condition

numbers 16 in the eniborhment P e |

Cofoos e

15

Symbol &, is a state transitidn function to be 'i_:hp}emenfe&by t}_),e state’

. transition table stotage 4; when' the current" staté 1818 g, and tﬁe input -

characters 14/are o, the next state 15 tum @ub to: be g wh:,eh i’

o represented a8 Jlgs a)-«qesheremafber R Cwe |

20

.25

foo32] - R EE A et g
Symbol qo_is' the initial state, which mesns the same as that in the’ well-

known deterministic finite automaton with‘;putp'_\llt:’ SN o

[0@38] - \-':-51 L A ey Yergnl ,\ .”...._s‘-__ . *,.,. .

“Symbol 2,15 an’extended: mput a&phabet in whlch aen arbltrary
character O‘W and an exclusxon character a'm,r are added to the mput

alphabet Zin the conventlonal ﬁmte automatan w:th output that is, 1t is -



Al so, -when Ss(gs, s)=qd, if the state transitions 11 .
is assigned as t, then, it is represented that R
t=trans(gs, qd, Os). 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 transiti on'set 26,
bei ng represented as T. Mor eover, for the state- '

. répReshtdDthdt LIS, HAery ). 0s, qd, and Cs are.

10

referred to as the st art. p0| nt, 10 the end poi nt, ahd'
[@34)ansi tion. ¢character, respect ivel y. Furthernor e, a
function to glvethe start poi nt- of -the state

L 0B B 5 8L Sl B er SR lﬁseeré;rﬁée@r
Itqf ‘%E?‘%Eeﬁ%?‘i g}ﬁ%tt %e‘%ﬂg » q%’p(sgijrqegtné g ven that

[(%;%j ys(qgs)=r, ‘the out put descriptionl8 is d, it is 15
esent ed as d=desc(gs, r). [0036] A set of such

out &e@@ g{él%ggﬁéz in m@%;&%&;t&ﬂﬁ Lg?s‘gect 1o theswith

|s referred to as the output description set 27

respeptyte andeputicharagtenld wdmureerpeeﬂate ddttmple,is prefergei to as
- description d= descé gs is referred to as an =
* thauetate sansition et 26, bbingrepressnded as i Mbxmovor.dor sho state

function giving the output state of the output

'4 tmmmlmpttmnb(qs qactdr g qdt and v, srareforred @ dsrl:hﬁ' stzm: pomt_:

giving the output result, as Result, and each of .them

- thesend pristenndd Brangitid dtaa(ad:):eza mdepmﬁ&elyt thﬂ:):hermere,

respectively.. 25 [0037] 16 An NFA, which is generated
funetiometopgioe ¢he stdrt ponet of theostabe hiilsition ¢ io fefeprbdbtd &6 -

the present invention, is represented by, a tuplé of

- Sotrddk-the ehdpoint, Destination; and the ltransmen chaxacter Char. Each

of them is represented.as q;—Somvce(t) qd—Desanaémn(t) anﬂ o‘,—-Cbaz(ﬁ

* . and given that: when A;(qs):r the output’ deecnptmnl& is d', 1t is

15

T 20

. 25

. representedaeabdesc(q,,z) o T T STAU UM T

[oo36] _

- Aset of such output deeéﬁptidhs 12 m which»With:respect: te.;jthe current
state 13 an output aiphabet ris not empty,:ts referred,to ae the outputr
deecnptmn set 27, being represented as D. Wxth respect to the output
description: d=desdqs, .r) -ggie referred to as an output state- ran output

result Furthermore a functmn giving the output state. ef the output e T

deecnptmn di is referred to as State and a functmn gwmg the eutput result,‘. .
- as Result, and: each of them-is- represented as- q,—State(ab and zﬁﬂesult(d)

respectively. -

[0037]

16



As, Ss(NFA), ys(NFA); qO( NFA)) [0038] 5 I\/lere
QNFA)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
relationship that holds for Q=2Q(NFA). In order to,
hereinafter distinguish an NFA state froma DFA

state, the NFA state is represented as (¢(NFA), and :
t hen INPA| @hic B gerfratdibin il procesd ()f\%emtﬁlﬁ ﬂﬁBS})FA
Synbol Ss(NFA) which is a state transition function
au@émjaﬁ?n Bfif. th'e%n@seﬂﬂhﬂ%hﬁﬁn

th respect to the input haracters 14 the aut omaton

n to a. next state based on Gs when.
curren“?A aﬁ%&ﬁgt ate 13 is q(NFA). 15 [ 0040] . Synbol

NFA) is an output function of the NFA, and when the .
rent NFA state 13 is q(NFA), the fact that’ 't he ‘

s a;trgge( S ﬁr%?gﬁ Bl o A
R v ]
REAWHTCR &Wrtpgr%rmwm

defi nedas fol | ows V\,hen the 25 NFA state qgd(N has a
 distingisbramn NFAvstaje frem)a-Bids state) theF A stad RF Esltﬂa?’éted a8

17. transition 32 is represented as -

 quuavemd-theinitigh statapf thelN¥A)as @ayFalA set of the NFA

state transition is referred to as -an NFA state
10 [0039nsi tion. set - bei ng- g T s

Symbol &WM wluch isa state transmon funct;mn Gf the NFA isa .-
functlon of a set in.a case where mth respect bo thé mput characters 14 the '
automaton makes a transition to a next state based on a',wjher.t the curwn_t o

_’NFA‘etate.:lS.is T A I e

15 [0040] R AL FRE e
Symbol A.wm)rls an outp‘ut functlon of: the NFA, and: hrhen the cum:ent

NFA state: 18&8 HANFA), the fact: that the: output alphabgt turns mm t@beu-ezl,

is represented: asﬂ.mg(mﬁ=r e i B N AT
* [004'1] ;_.irit_;"':. r SRS L r—g!;.: TEEN .:.:~'=,.."1:.‘ yo
20 Symbel 4, is'a set.of such condition numbers.16; and Zyis the extended: |

input zilphab_et,.ibeth of which mean the same as these initrhie_:«:,SD’EA- o
automaton of the ‘present invention. - - o . T
>|.:0042] BHEE TN D s s bl it r‘rm: .»5;,.__,-;?3.,;_5 'y

| Regarding the NFAfstate,i-itBé- transitinﬁe.is .defin_ad“ras' tfcllowg!ftairhén-the_

25 'NFA state gdnra has a relationship of ganms € ganes), o9, the NFA state

17.

ofs feprebentedbycasapW o (Qur, Zs



25

0

15.

represented as T(NFA). Similarly, with respect to the -

state transition t(NFA) =trans(qgs(NFA), -qd(NFA), Cs),.:
gs(NFA) is referred-to as the start point; qd(NFA),

the 5 end point; and Os, the transition chara_cter_. :
"Furthernore, a functi on gi ving the start point of the
state transition t(NFA) is referred to as Source;- 't'he
end point, as Destination; and the transition

trahsitioi 82.is sepresanitednas ML—M %WWQ 8t of the

gs( NFA) =Source(t), qd(NFA) Destrnatron(t)
NBH Mabd Teiiaifibh is bORFRId tolshs 4R NFA sthed ﬁaﬁ%ﬁﬁﬂ:ﬂetaﬁgmg :

out' put al phabet r tuple |s referred to .as NFA ouf put

*ARSEIIY MY Stinlihely, ok BLCR! DENREA milition s
Bt M@Eﬁi&ﬁ%ﬁ‘%ﬁ‘%ﬁi the A8 Boint odGlus the

* bt A SR b g g
E G o 51 B i e

put stater_r, an result

F,e@%ﬁ%@agan? sl Ehbfraeiiio craaeaeaxf’“t Bies diny of them is

output descriptign d js referred to as State and a
represanted ag Wﬁ&'@@ﬁé stination tResd| asmir Char(y).

each of themis represent ed as q( NFA) =St at e(d( NFA))
[0848] r(NFA) =Resul t (d(NFA)) .. [0045] The description-

thus far conpl etes expl anations of the terns and -

syAnodNFA-state fgavrerandpdutpert -sdphalpeir ataple\is refebred to as NFA
descri bed. 25 [0046]:18 Fig. .8 shows the operation of

- outhut desiriptiont emmmcswmmme:n rthemput desenptmn 34

i nventi on.
is aselgned as dmw, whichiis repreeented 88 dNFAFd&EL(QML .

A get of the'oﬁt.put descriptions in which an routp_u‘t 'alphhbet pisnot
empty with r_éSPect to the NFA state 13, is referred to as the NFA Ouﬁmg :

-deecription"set 24 -‘-being reziresented"as Dk, For t:he'—oiitput -descl-‘iptiOn

| .dwmdeSC(qwm), D, Q(M-wxs referred to as d4n Uutput state; z,:an output

- result. Furthermore, a functlon gwmg the output. et:ate of t.he. output.

- 20

o oo4s]

description d'i is referred to as State and a functlon giving the output result,

a8 Resu]t, and each of them is represented as mmStatE(dﬂmt) and

MAFRequt(dumw

The deecnptlon thus far completes explanations of the terms and

symbols. In the next place, an operatton w111 be descnbed

[oo46]

18



10

[0047] The string matching system 1 of the present’
invention first receives the; 5 matching conditions
2, toexecute 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 systenl receives the
| NP, Sigkow® the opersttuh dithesstring inatchimgtsystem doofithe
reader 7 and the SDFA automaton 8, sequentially '
p&égﬁymmﬁﬁcedures for outputting the matching result
10  whil e making reference the, state tranS|t| ons. 11
[opd¢] t he output . descriptions 12 (Step S52) . [0049]
It shoul d be noted that although in the enbodl ment; a

p er 8 n{élglg%atcﬂlﬁé%gsie%’ toﬂﬁ@#ﬂ'ﬁﬁ’ént iuﬁ'eh@loﬂ st recewes the:

once pe roceaure o conpl

B P g e e

trBRFiAR (RAE BPROTE Eait}etséeﬁe %%éiﬁc‘é%slined dofiiph®

AR e RSt s i

tching conditions”" will be descri bed 25 [0051] 19
55 begin with, "based upon a procedure of -*generate NFA
including e ‘transitions," the NFA ncl udi ng s
OD|48]13|t| ons- aretgenerat ed from a regul ar v

Subsequently, the stnng mabchmg systeml receives the mput document

- 8, and by uemg the input character reader 7 and tha SDFA automaton 8,

sequentially executes procedures. for outguttmg the ma&;chmg msult 10

while makm'g‘réfemﬁ&fse;«thea stafte-ttransxtmﬁs 11-and thef eut.put :._-m: IR

- descriptions 12 (Step S52).

16

20

25

. [0049] s : S i . '! . '{":l . ‘;'l.'; “‘ ,‘ C -

RS (3 shoulﬂ be.-notedl thet u‘lthough iin the: embodiuie-ni;;'.;a=. pmeeduxe .of

“match input document” is to he performed orice per pmcedure of “complle
matching condmons matchmg the mput document may be perfermed w1thj
respect toa plura’hty of input documents u,amg the state: traneltmne 11, and'
the output deScnptiona 12, generated by: the one*ume proeedure of "eompﬂez
matching conditions.” R _. j_ o _': ] o

- Next; w*it:h referenée to Fx‘g 9, the proeedure ‘fdompilb mabchmgr SR

| condltlons wﬂl be descrlbed

[oo51]

19



15

25 -

expression (Step.’S101). [0052] 5 Subsequently, by a . :
procedure of "renpve a transitions" the s transitions
contained in the NFA (enpty character transition) are
renoved (Step 5102). [0053} Further subsequently, by.
a procedure of "add transition to initial state" ~the
transition is addedtotheinitia_ll state durrng , :
mat ching failure.(Step 10 S103). [0054} Still- further

Subﬁfhe@ﬁtvldth ‘bysedd npengdmeednire dfe‘geuerate NFA including ¢
nondetermni stie transition," the nondeterm-nistic .

tidEbAs, Ofhé NF & Redisy € bransifidds af@@é@mté& £:9 bl regular
further subsequently, by a procedure of "renove unused
eRpAlsSion Sitép SYoihat have been unnecessary in the
%fr)odedures dgcr?]bed thus far are:-elimnated (Step
[0056] Still- further subsequently by .a :
procedure of. "reduce nurrber of states, 20 redundant

?éﬁ%sﬂsﬁtr%&ﬂ?%%am et 830 BBl Fpngtions

R Rl N OSSR AT sl e sk TEtep S102)

[@ﬁ#ut tabIe are generated fromthe state set (Step |

25 [0058] " 20 The procedures descri bed above

' aI IEQ he procedure "conpil e matchjn condi‘ti ons
Bch

R @ébeequently, by a procedure of “ d traneltmn to mxt:af state”
the transition is added to the initial state dunng mat:ehmg failure (Step
S108). - o G o
054l - - T R

Still further snbse'qneﬂtl_y,':by a procedure o_f‘“rem#e néndete’rministic '.

transition,” the nondeterministic transition is removed Step $104). ...~ |
[0055] |

Stxll further subsequently, by a procedure of “ remnve unueed state

' states that have been unnecessary.in the prodedures deecnbed thus far are

ehmmated (Step-SlOﬁ)._.g A Lo D E |
[0056] R _.,"-..ﬁ--!i";‘- .L..‘ it r- S \\' »._. 1! :

- Still further subsequently, by a procedure of “reduee rnnmber of states,”.

- redundant statee and. redundant state transitions are. deleted (Step 8106) X
loos7) | .

Still further subsequently, by a proeedure of “ generate etate transitlon
table and output table,” thé state: transﬂnon’ talﬂe and the nutp‘ub -table are
generated from the state set (Step $107). - L |
oossl

20
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20
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[ 0059] - For the procedure of "generate NFA including e
transitions,” described 5 in Step S101, a well-known:
procedure indicated in Non-Patent Docunment: 1- and the
1ike, can be used. [0060] |In this regard however, as
illustrated in Fig. 24, a netacharacter" _
representing an arbltrary char acter cont a| ned in a
"regul ar expression.is 10 replaced with Cany. Here, in '
Fi The ptécdditres deakibed abbwd ERq(vMﬁé)pmaeiw‘mmmhadmatchmg
sinply as g. [0061] Al'so, a procedure is added |n ,

cdfﬂhﬁ&;@’&glﬂdéﬁch@é@d in.Fig. 25, a, netacharacter.
representing a-character other than a particular 15

- 0@59{ acter -set, .contained in the regular, expression; Sise

repl aced with Oother “and furthermore, a state

Ly g,gaged@gbg’ BRREE R ShabRicd s bl “lascibed

ik R T e e

:‘E?h er tr nS|t|ons) "With a transition destination.
an %@j‘ﬁs‘l’% known procedure. indi cat ed in Non
gb nt Docunent '1 and the l'ike. [0063] ‘Next , ' :
[qo reing: to Fi g. 10 a procedure’ of" add tranS|t'| on
to_injtial state* 25 in Step S103_w be descri bed. .,
211p phssegard, hawever, apailustzated in E‘ts t% ﬁsmﬁt a%f@a

on Cany, fromthe NFA initial | o
representing an arb1trary character contamed ina: regular expressmn is .

replaced with ‘guzy. Here, in-Figs. 24 through 81;a 's_tate» gunra) is represented
simplyas. g oo S | o

: [0061] S S Touepn o T Rt R

Also, a procedure is added in which as ﬂlustrated,in F&g 25 A

“metacharacter "’ representmg a character ether than a’ partxcuiar _

character set, s;contamed‘ in the regular expresawn;xs replaced mth ‘Gothear
and furthermotre; aistate transition from:an appli¢ablésstate to-the initial =

state qaum)israddéd‘.ﬁ%j e L I TR AR AT R B

4'[003‘2'1 SRTHINGE $305 ¥ SVRISE SN ) f_:-;-;t,i R R e S ;' ; ST

The: procedure of “remove :etransﬂ;mns .shown in Step 8102 is also
implem;ented by replacmg t:he- stranmtmns*(ﬁﬁzpt;*- character transxtxons)-s 1
with a transition. destmatmn set—by using a: well knawn prccedure e
indicated in Non-Ratent Document Tand tﬁhehke.‘ o fa.:._.f-_ el
[0063] AL -"‘-‘"’-,’»fﬁi*’f‘ fr ek 8 '_-;f-. frprpds Yol gy '.Gnl side st

- Next, referring to Fig: 10, faepi'dcedufé of “add t:ah;ition todnitial state” -

_inStepfSlG3 will be described. © - S I T

21



st ate qO( NFA) - generat ed by Step 8102 t hen process
fl ow proceeds to Step S202. In cases other. than that
descri bed here, process flow proceeds" to Step 5 82_03
(.Step S201). [0065] * The procedure of "add fai | ed

~transition to initial state (if there exists no

transition- fromthe NFA initial state based om ad' i.s
executed, process flow-term nating.(Step

~_[08B@2).[0066] 10 If, in Step S201, there exists the -

10"

15

20

 -however, the formér’'s process can further reduce the

transition fromthe NFA initial state based on QCany,

 QOEhA) if thBaNekibes 6 oeasifion assddd 54, fasmithe NFA) initial

toinitial, state (i-f there exists the transition

, f récel (3]
L?St S’%“@%Z)x [0’5’27?@%4‘?? %ﬁ%?ﬁg&gg %dgetNgd thgtbma top

308 0B BT i FORESS prosods o Stap

romthe NFA initial state qO( NFA) based
‘ S%ﬁggﬁ‘;’% process in Step 5202 can be " substituted

[ hat in Step 203. ‘Wen the process in. Step 8202 is
ared with that in-Step S203, the forner's

exPéI{eip R R PR SR s R A GEAPELE e no

however, the former's process-gan furth

 tnagairion fmen HArDEA Gl 26610 RadRAdin P 15 PRRCIRE: ProFges

a transition fromth stat e based on Cany
ewﬂermleeﬁgge@@nme)smﬁtad of “a regul ar expr essi on
‘turning out to be matching conditions is designated

“wi &) inKisep S2OL, ahgremmtadﬂlertranmne&emzﬁwpb@’& imubial ptate

there are few cases where such designation-is made.

‘bitesd 01icsny, gANFEAthem thehpracadbee offadd: failedttransitionckesinitial. . |

can in nost cases be reduced by - applylng t he process

| stafte Gf ehemsts the transition baeed on ouy” is. emcuted process flow -

terminating (Step 8202)
[0067] ._ _ ’ |
It should be neted 'i:;hat'although“ in thie embediﬁaeﬁ " the pmes is -

determmed based:on whether or not there exxets a tmnsxtlon ﬁ.‘om the NFA

. 1mt1al state qauv:'m), based ON Oany, the procese in Step 8202 dan be

eubstltuted by that in Sbep 203. When the process in Step 8202 is cem.pared

~ with that in Step 8293 the former 8 apphcable range 13 lnmted to a case

- where “there exists the tranemon from the mmal atabe, based on a‘w

. tber. of eﬁate

trans1tmns The fact that -a transition frem the mmal stam hased on a'w

- exists suggests that the head of a regular expreeemn turmng out to be

’ matchmg conditions is deszgnated with' the arbltrary chamcter “” homrever_

- practically, there are few cases where euch deszgnatlon 13 made For thle

22



'(lftthaheremtmnp teanaitien destinagionsfram:theoiy

- [0068) The procedures descrl bed above al | owthe
procedure of "add failed 5tranS|t|ont0|n|t|aI .
state" to be éxecuted. [0069) In the next place, the:
procedure of "add failed transition'to initial -state

S (if there exists no, transition destination fromthe
initial state based on vim in Step S202 will be
‘descri bed. 10 [00701 Typically an NFA or a DFA that

o reqsor], themanbensf steute travisitiogs comin osy ceses bepéducad by -

by adding e transitions fromall states to the
apbwmgadheﬁrab&srﬁtsmﬂﬁm ching front an arbi trary
character .position. Fig. 26 shows an exanple of
{0068l ng the e:transjtions.to- the.NFA corresponding-fo a
"15 regul ar expression (alblc(dle))f: In the SDFA '

; al{f ?&d‘a}eé H@s&!&?ﬁ]ﬁc\heﬁﬂ&@%h@?mm%ft‘&&ﬂ%ﬂb&n

a given state, automaton returnsto

bRl oo SRR At SR B RERCTI 19 10 PR D

I ch therefore all ows om ssion of thee tranS|t|ons

he initidl “state q0. Namely, ‘configuring the NFA
as, s vvnln 20 Fig. 27 will suffice ich, can
et Tersplaghibe pie wiept raddarle BV@%?%P@*’- to initial state

transitjons wever, when t he. aut Qmat an

k37

1(NFA) based on the transition character _O, i f there

| - ingtep13202 wilbhe ideperibed.om a st at e q(NFA). Based oni‘the -

10

15

‘transition character O of if any transition " -
[0QTRk acter O whose.-start poi nt:i sotthe st ate qENFAY: i's
Gany,. 25 the automaton additionally nakes a .transiti on

- f rﬂy@mhﬂysaaMA}@NﬁAD%thttepeﬁ&ms atcontinums)sttinged

on the transition character O because a transition can

f mmhmgd&nhmplélhbﬁt%)bj@aééﬂagmtndmxttamﬁ'nm mﬂ*sthtasmtme

O.al so when a transition

initial stateé, stMg matching from an- arbltrary charaeter pomnamrang 26...
shows an example aﬁaddmgr the s transrhona tortha NFA oorresgondmg to: a.

regular expression. (alb}c(tﬂe))f In the SDFA. aubomatan of the présent

Amventlon ‘when a transmon fails -at a ‘given state, the sautomatan retums tot

the m1t1al state g0 w1thout proceeding ta read 1hput chamcters; am‘l the.:

state transrtlon is made agam, whlch therefore allcws nm:ssmn of the -

© fransitions to the lmtnal state ga Namely, mnﬁg&m&gr the» NFA as: shown in

20

25

Fig..27 will -sufﬁce Wthh -camextenmvely»reducmthe totai* n,-umber!ef-atate f

| ~ transitions. However, when the automaton)chn make a Wansmion fmm*the ¢

1mt1al state anWPAJtO a state QN based on the trana;tmn character o', if:.

-+ there exlsts*aftranaxtwn*ffdam a stdte QNFL) hased enrbhertrahsmmﬂbaifacter

g, or 1f any transmon character. a:whose start point, 13 the statae quvm)m aw,

the automaton addttmnally makes a transmmn from the state qu\qw to- the: -

23
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10

15...

- transitionl clmtrattergoitiRAutcto: hda ridadets

based on the tranS|t| on char acter o has been _
successful .- \Fi g. 28 ‘shows ‘an exarrpl e of a case of a
' regul ar expression (altblc(dle))f. Because the exarrpl e
5'in Fig. 28 shows that the automaton can nake a
~transition fromthe initial state gO(NFA) ‘to the ,
state ql(NFA) based on a transition character a, and
because there exists a transition froma state g3(NFA)

' sthRsefvApbaRRl 61 oS tidndition chapaiter othecktise attamsition can be

additionally make atransition fromthe initial state

m8dé bE Y baBéd sﬁ 3he tedniiOh dasacteos anstﬁwhbﬁrmtammon .
character a as shown 10 in. Fig. 29.- Athough the

 balsb@%H {HeMah 1Bt dhearabers KA A snﬂﬁéé‘ﬁ’upfﬁﬁ‘ﬂghﬁs shows an

transition aracter aturn out to b

<AE Ea%@? o AR G B pgho example
in BB aRkA TR b Rur SRS e”‘ffh%{e°%?oce33%$%§°&?rtﬁg‘é%ﬁm |
- oth i 4 Pir e armuissefosth et fibn ElRHE X'Séég

and of . "add ailed t anS|t| tla '
tbeeaa%%ne PRUB A Q‘ﬂ@@fb&@%ﬁsﬁtﬁ 8%?95#3 the frapsition.

the initial state based on Qany)" ai mto exe ute this
cheraetes 4 thegniqmatan sdditionallyceake arrgnsifion trm the mitial

procedure of "add failed transition to 20 |n|t|al

 statengangd to threstate inars baged oarkhier transigion chatartor 4 pg ghown.

the initial state based on Cany)™ in Step 'S202. wi.l] be

indfigc 2AbAlthough Bl bramsitioyifromi the, stat siksss basedpnitbe -

as-a first state transition whose start —point is the

distinge Sraxpition, the
S102; with-, 25 process flow proceedi ng to Step 5302 o

' nopieteriBidiatic staté tAGRHbn idleventinilly deloted through the -

transitions tO(NFA) each of whase start point is: the

| subsequentpmaedme 9of “remove nondetermlmauc tranaxt:on ‘The -

procedures of “add fa:led transmon to initial state (lf fhhene e:ustts no
t.ransutmn destm&tmn; from the initial state baséﬂ an a'.q,) . md of "add
falled transxtmn to ml.tlai state ﬁfthere exlsts a t‘:ranaltmn destmat;mn from

~ the m1t1a1 state based on. auq,)” aimr to executeathas pxocess L b

[0071] t wiitp aad e TRl ':,,';.,f;i 't_:t';.-_:-.‘ t “’ '4;} Co

- With reference to F:g 111, the: procedure of “add faﬂxd transmon to.

initial state. (1f there exists: no transition: desﬁmatmn &om the mmal state

, 'based on iy i in Step 8202 will be descnbad

Al

' [0072] Itipn z‘:-;:,ii:-,:;:u [T S SRS R » VY \- Sl i} ey -;- .‘r:._" x 'v"-i"«

ey tT@ begm with;: ta(mwxs asslghed 88 aﬁrst stateltwansttmmwhaae‘start

| point:is the nutmi state ganFe of the. NF& generated by Steg 8192 'mth 3
\ process flow. proceedmg to Step 8302 (Step Saﬂi)

24



NFA initial st ate q@( NFA) have been tern nat ed _
~process flow'term:nates the procedures “l.n.-cases
ot her than that descrl__bed here, process f1 ow proceeds

to 5 Step 303 (Step S302). [0074] . Synbol O:is

~assigned as Char(tO(NFA)), with process flow
proceeding to Step. S304 (Step S303) [0075] 10

: Symbol q(NFA) .is assigned as the-initial NFA st ate
{oemsitai ned in an NFA state set Q{NFA), with process . .

flow proceeding to Step S305 (Step 8304) [0076] .

AfAfter alll th@forafetrhR&itam fudiNath 6RWhedeeri pointds B~

state set Q NFA) -have been processed, .process flow

ngAscr ?%Ss&hﬁbeﬁ&ﬁpm Rave beb t&?ﬁﬁaﬂéﬂhgfodeﬂﬁﬂowl@rhﬂﬁhtes the

rocess 1l ow procee s to Step S306

_ 5
prér?«ﬁﬂe Gt P AR T Tttt
S3 n.c ot her than that descrl bed herb, process ’
%ﬁéb&%ggﬁé)to Step S307 (Step S306). - 20 [0078]
%‘ﬂb t (NFA) is assigned as a first NFA state '
[0 nsition whose start' ' point is q(NFA) Wi th process

B3 el a e W LS
whose start point is 25 gq(NFA) have been-ter m nat ed,
Step StepW3PBbceeds to Step S312. In cases” 25 ot her
- “than that descr L bed " her e, pr ocess f I ow: pr oceeds t 0 ‘
[og7ap s309 (Step: 8308) T ‘ St
Symbol QNFY I8, asfngned as the initial: NFA state contamsd inan NFA
“state set thw, with proeess flow proceeding to Step S305 (Step 8304)
A:ﬂ;er ‘all of t:hs: NFA state qmw oontasxned in, t}he NFﬂsme’setr Q.mw
‘have been processed process ﬂow proceeds to: Step S313. In cases pthsr than
that descnbed here, process flow proceads to Step 8306, (Step 8305)
- To077} .- Gt AV s e T '55""'“_*.“ ‘?".”;" :
E the- NFA statsmaw is the intial. state quikiy procsss ﬂow~proesads
to Step 8306 In ¢ases othsr than that désaibed hsre pmsess ﬂsw prsceeds
to Step S307 (Step: 8306) e -z-g.'i-.s"'_x-i et hed e Rt
[0078] - | e r et
Symbol &NFa) 18 asagned as a first NFA state transmon whose ‘start
'pomt is qumu, with process ﬂow proeeedmgtta &teg SSQS (3139]) SSB'Z)
[0@79] vy Braie e oo -':_r::n- R 37 --;;Er ar: fwf LTS
Aftsr all the NFA. state t:ransmons trmeach ofwhsse st:art. pomt is i

| Q(NFA) have been terminated, process flow proceeds to Step 8312 In cases’



[0080] | f elther of: the condltl ons- Char(to(NFA)) O RN
and Char(t(NFA)) Oany-- 5 holds, then process flow

. proceeds to Step 3312. If nei ther of the conditi ons

hol ds, then, process flow proceeds to Step S311 (Step
S309). [0081] An NFA state transition trans(q(NFA)

Desti nation(tO(NFA)), O, unless “contained in the. NFA
state transition set T(NFA), is added to T, with . - '
othéﬁ ¢bas that Gbsuilpdosaedpreebo ASweprdtadds (SBtap S309 Step -
[0082] Synbol t(NFA) is assigned as the next NFA state

‘83a®Hnsi tion whose start”-.poi nt is the "NFA st at e 'g('NFA)

with process fl ow proceedl ng to Step:S305° (Step
[08 ﬁ& 15 [0083]. in Step S306, .the. NFA. state .
I's the. NFAlnltlaI state qO(NFA) or, \|f |n

, Stsﬁvﬂﬁée}sgfityretmha ‘{'\E# (ﬁg&;"g e&lpiﬂcﬁesse

S, R S B s
ARG PR SR et RN 0

: is termnated, - then tO(NFA) is assi gned as the
| toﬁé; -

10

15

20

25

NFA state transition whose st art poynt is the-
NFA initial state gO(NFA) with process fI OW. proc edl n
 t oAy NF Asstpe treansition srapd gywrap de ‘
procedures ‘described - above permts execu jon of .
eoNFA st.ate transition set ﬂmw, is adde d T wa,th prdcess

flow ‘prot:ee'ding'to"Step 8311 (Stap‘salﬂ):;'_ e

| Symbol fvra)is ass:gned as the next NFA state transmon whose start
pomt is the NFA state m), with pmceas ﬂbw pmceedmg to Ste’p Ss305‘

(Step: 5311)

If in Step 8306 the NFA state my is. the NFA lmtxal state anFA), or

1f in Step S308, all the NEFA stata tranmtzons t(mw each of whose stazt pomt

RUR LT are processed,; thenﬁ the ‘NFA‘aﬁate FNF) is assmﬂed &d tbfe next iy

NFA state contained i in the NFA state set me w1th ;ﬁroeeaa ﬂcw

',proceedmgto Step 8305 (Step8312) e _' o g

00841 - s et e e

If, in Step 8305 processmg all the NJFA states mgg mtarmmated

g thentamw is ass1gned as the next NFA state transxtlon whose start poiﬁt ﬁsB

the NFA initial state qauvm) thh procesa ﬂow prooeedmg to Step 8302 (Step

S313) . ‘ ' ) .‘ - ‘l . S ‘ IR .': ‘1-'...\.;'._‘_'7 .-.-‘f",.. ‘:- ':_;'"::'_.'-c,'_]':'i’ \‘:'.i . ,’-':_'; vy
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10

"add failed transi:tion to initial state (if there
~exists no transiti‘on:destination from the |n|t|al A
state dan)." 5 [0086] "Next, a procedure of "add failed -
‘transition to initial state i'n Step S203 - (if there
exists a transition destination fromthe initial state-
~based on Cany)" wll be descri bed. An obj ect’ of the
procedure is the sanme’is that.i.n Step S202. If, .as

- [o0%s] regul ar - expression (alblc(dle))f shown i n Fr g..-30;

there exits 10 the transition destination: ql(NFA) from
t hehd R&-&deﬂhréﬁ abGerfRSP AR RrRYits Bxcditinis bf tipicvedures of

'g1l(NFA) can al so be nade even when transitions wth.

) a%osfﬁﬁ&i eﬁsn%ﬁ b BRitsh ke @fﬁnﬁ'ﬂ %&?&ifﬂﬂ {rinBREM destination

ows In Fig transitions-to -

e #» all the NFA st ates q(NFA) except,
frqq%é;hl kt"iﬁlﬂqtﬁgeaﬁ ‘at'e qO( NFA) ‘and al |, the tranS|t| on ‘_
[O{iﬂ@racters O 15 [0087] Wth reference to Fig.

procedure of "add failed transition to lnrtral

;e prncsdbe 8 ol Reiop v e LRl ﬁtrt'ﬁm

| b d bed. [0088]. 20 Fi (NF
Gfithers prists S reboRn sk bkt Ss't%fitwg o0 ou)

the initial state gO(NFA) of the NFA generate
widhlo degorihas An obisgt ofithe prasedurn pthesame gsdhad §F%E)
S351) [0089] If all the state transitions tO( NFAz each

 §202. I swdhetrgulgme xpression el ekale)) faBowiini Big. $Dathere exits.

qO(NFA) )have been termi nated, then process flow
thearansitionsddstimativh quﬁmmth«t initied etatel Yaedidivduphat :
descri bed here, process flow proceeds to Step S353

' t:réﬁleian&%@mw can also be' made; eveh when trana:tmns thh ;reapect to:

all the states: greé; suecessfuily-made--Gonsﬁquently—, as -shewn mlﬁg 3L,
tran31t10ns to qmg) are added to all the N FA states qr;mu except the NFA"

- . initial state Qo(Mw -and all-the transition chaxfactera cr; bede

15

%

{0087] Fabie " Bror IRIPRIA -{f:“»‘;ff STSrIRTY ir«‘t. r( ’If, hombe o, s
With reference'té'F;ig 12 the procedure bﬁffﬁdﬁ»&ﬂéﬁ:ﬁmﬁﬁbﬂrm-- o

initial state Gf there exists a trans;tt:mn destmat:on from: the mma.l ataa‘ﬁe

o basedrenx oany)’% in:Step: SEOBrwﬂlbe;de&enbed. ﬂ %_:‘r.'; , - .f-.“:'?iff =;-;:.=i':_"

[0088] e "'t ‘ f'-i?:,‘,“- e . SN e paa bt -“."}_3}’. BRI Rt :“5;: B
First, tawm) is ass1gned as the first NFArﬂtate transvtwn whose start.

pomt is the initial state qmg) of the NFA generated by Step 5102 processr |

flow thempreeeedmgtto Step 8352 (Step 8351) o t.arj' LA

[0089]:1 + trnaitiorri wig BV Yags et b boeeines boase 1 ot Beess e

If all the state transitions Wﬁ%éachlof whobe B'tﬁ:_rf.‘-ﬁﬁinﬁ isthe NFA-..: .

| 1initial state- qaer have_'i)ee_n terminated, then process flow %e;r:miﬁgt__’eé the"

27



[0090] Synbol -©O'is-assigned as Char(tO(NFA)), and
process flow proceeds to Step .'5 S354 (Step S353).

(0091] - Synbol (NFA) is-assigned as. the initial NFA
‘state contained in the NFA state set ‘QNFA) ;- and - .
" process flow proceeds to Step S355 (Step S354). (0092]

10 If all the initial NFA states g(NFA): contained in

the NFA state set Q NFA)  have been processed then
ppmaedesa Il casep ooheetlmrt thaiitdpciibbd hera, prsess ﬁbﬂveproceeds to
than that descri bed here Process -fl ow. proceeds .to.
S&p5333$st@553®2)5356) [0093] 1f the NFA. state q( NFA) '
the initial state gO(NFA) then process flow 15 N

gugpjeeds to Step 5356. In cases other: than.that,
descrr bed her e, process flow proceeds to Step 357

{ D R goh 28e he CRECRBR Y riigHes W@“"’ee“ 8wy

5 Sgg%t(gﬁ{i}e %55) the NFA state transition set. T(NFA),

process flow 20 ‘t hen .proceedi: ng to Step
i (Step S358). [0095] - i n. Step S355, processing.
tthe NFA st ates q(NFA) have been: processed then

. ”e@mrr‘szt el b En B Wﬁ‘e‘e jtho NEA
| S&ES?P%SMW pro&eedr ng t St e 3&%@%33060%\,\5

exeiutron of the procedure of add

" 10 _' - K all the initial NFA statesiqwm-eontained in the* NFA-siateeét«%m
. have been processed; then process ﬂow proceeds to Step 8859 In cases other
than that descrxbed here, process: ﬂow prdceeds to Step 8356 (Sbep $355).
[00981 e _ | |
| If the NFA state qmmus the mxtla} etate qm,u, then pmcess ﬂow

15 | proeeeds to Step 5366. In cases other than that descnbed here preeess ﬂow '
proceedstoStep 357(Step8306) R S S |
[0094]. | ) R '

The NFA state tranei'tion" trans gnia), Destina tfon(ta(mﬂ a) unless

| contamed in the NFA state transﬂ.xon set ﬂmm, is added to T process ﬂow
20" -then proceedmg to Step 8355 (Step 8358)
| If in Step S355, processmg all the NFA states quw haye been
processed then toNFA 18 ass:.gned as the: next NFA state trane:.twn whoge! 1!

- start pomt is the: NFA mmal state qa(mw, -with prooess ﬂew proeeed,mg to

2 Step 352 (Step 5359)
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15

e e

failed transition to the initial state (if there - -

'-'_eX| sts no tranS|t*| on“destination fromthe initial
st ate based on Oany) " -5-[0097] Next, a procedure of -

"renove nondet er m ni strc transition" in Step-S104

- Wil be described. The procedure elininates the

nondet erm ni stic transition contai ned in the NFA to
- generate the determnistic transrtlon one -of -which.

. loesehples is illustrated in Fig. 32. There exist ql. and

g2 to which the 10 aut omat on nmakes a transition from.a

St The procediae Qssite@bobs aﬂbﬂ*ﬁielcﬁﬂoncdf&héqir&ﬁechne of “add
Nanel y, because.of being nondeterm nistic, the states:

fadled thaRdgioh! rgrth@eﬂr;ﬂaétwef@h@rd@ﬁs&dm Blahaition &ﬂhﬁnatmn

state; stat anot-her vvay, as shown in Fig. 33,

e N et o

' i nations. W‘nlethrs 15 procedure is basrcallythe
TopgHL :

as the DFA generation procedure shovvn In

o100
wgnge ?iﬁat 3 Stlf tglgéjq%fla% ge ing %srﬁh%%%@%g%gﬁt e&c,%ax\{éxtmn

tranS|t|on character ) atranS|t10ntothe state

di thec B, to geparatn thadederminieti mewe éwhmh
a state transition to the State qn q1 aassog*
rﬂ-‘%ﬁﬁt e : ,9 is

 exgmplestie illvatmatadinFis. 82 Thererxistias

further generated (Fig 35) (0098) Wth.reference to
autiopnaten mhkeap adravaitiondroni'a etate elmb&sedmrthsttmnsmon
transition" in Step S104 w Il be described. This.

| clmractaug. N amél:,a hecaussiof being ndtileterminietic, the dtates: of -

nondet ermi ni-stic transition associated with Oother"

' trassition/destidttoRdaRe ey ged ietovasingdé etﬁet sztaimdm wayﬂ #_ -

either value of TRUE or FALSE. {00991 .

. as shown imFig. 33, the state transition is madé to a: sum sat q,*'q‘.: gz of

~ the NFA state sets qr and Qg«at the trana!tmn destmations, -Whlle this -

pmcedure is’ basa,cally the same as the DFA generatmn mooedure shown in .
Non~Patent Document 1 and the llke, in the em‘boélment a8 shawn in Eg '

84, with réspect: to-a case mcludmg the: atate Wﬁom #ﬁ:m arh;trary

o0

character o_'m and the etate tranmtmmendapemb.q;.;basediah thm transition.

character a, a tranaition to the state g; based on the exblusion- chai-'a;cté‘r’ b

Gotharas well as. a state tranmtian to: ’b’he state q,,—«qr ugg assaclated wmh the

| - nondetermxmstlc transition charact.er &/, is further gener&ted (E:gs 35)

e

"[0998] ’ . | I S ;-;.,ééfrii.

With ref‘ereﬁéé ﬁ’) Fig. 13 the procedufemf me)vs mandeteﬁmmastm
transition™ in SteprSlOdawﬂl;be; dﬁscrl_be&; Tlas zpmcedur& an_d;: a procgdure_of

“remove nondéeterministic transition associated with/ a'm”usea variable -
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15 -

First, procedure of initi aI I ze st at e set :
execut ed, with process flow proceeding to Step S402
(Step 5401) 5 [0100] Subsequently,. the variable Retry
-is initialized to FALSE, and process flow proceeds to
Step S401 (Step S402). [0101] Further subsequently,
© procedure of "renpbve nondetermnistic 10:transition.
associated with E is perforned, andprocess flow

RetrocThel vatiable Hetrytetiitalat aphéi‘l%).té of [RRIUE lor E&LSIE

further subsequently, a procedure of "renove
fooggdet ermi ni-sti:c - transition associated with cry”
perforned, process flow then proceeding 15 to Step

S4 ” "
S5 3 RO oo b B B3} o o o

_ term nates (Step, S405).
pﬂfgﬁéﬁté%ﬁkﬁkﬁgtlg?ggg ursgbﬂévescrl bed thus far all ows
[O%Q procedure "renove. nondetermnistic transition" to

executed. [0105] . ‘Next, the procedure of f

CLBubgRB 8 Sasabie 1S Rt b TRE S oppponse

necessa ate S n 2 der to generate a DFA
'ﬂQﬂ’QF‘éceeQ%do %ﬁic‘?tﬁ’%gfiﬁé enerate a DFA state 30 ¢
-[Oﬁa FA)} and its associated state tranS|ti_onr; W th

ect to all the NFA- states "q(NFA) .

Further- subsequently, a procedure of “ retuove nendetemzrmst:tc

- transition: associated with .2 is performed and process flow proceeds to Step

S404 (Step S403). - R
fo102] | SRR

- Still further sub sequently, ‘a procedure of “remove ﬂondetermm.tstlc
transition aasoclated wrth O'otbcr is performed process flow then proeeadmg :

toStepS405(StepS404) _ R PR DR

~ {o108]-

o 20

25

If the vanabie Retxym TRUE -then procesa ﬂow proceeds to Step

'8403. If it is FALSE then process ﬂow termmatea (Step 8495)
..‘[0104] i T 3 SRR

: The procedure deacnbed thus far allows the procedure ‘remove

nondeterministic transition” to be executed « .

[0105]
Next, the procedure of “ixiitialize state sét“ in Stap 8104 will be

described. The procedure‘m_-dlrected to-mmahze-a necessary state: se_t in

order to generate a D-FA state, and its object is to generate a DFA state

30
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[0106] Wth reference to Fig. 14, the procedure of -

"initialize state set" .in Step 5 S104 will be :
described. [0107] . First, the state set Qis

initialized to enpty, with process flow, proceeding

. to Step S502 (Step S501). [0108]. 10 Symbol g(NFA) is

assigned as the initial NFA state contained in an NFA
state set (Q NFA)), with process flow proceeding to

2} ahDs(aSkefatletate tidhdd8bn) withl tespbet toallithe NFA
states ((NFA) contained in the NFA state set Q NFA) -
stated @N{g}&ess_ed_, .t hen pr.ocess f.l'ow. proceeds to Step, .

S506. I n cases other than 15 that described here, -

& mw@}:ess fl ow proceeds to Step S504 (Step S503) [0110] -

e NFA state set (i.e., the DFA state) {q(NFA)} is
adgad t S L MON:T(c] astihli 12Gapd :
£ oNaFh beteb ettt 18 theprifBpRé BE SRR RISREETER Step
1 next NFA state contained in the NFA state set
S%ﬂ?"ﬁ%@%’g&d'ﬂ ow-t hen prooceedi ng to St'ep 8603 ' - |
ia p S505) [0112] - If in Step 5503, all the NFA - .
[0 es (NFA) contained in the NFA state Set = Q NFA)
are. processed, then process flow proceeds - to Step o
soBizstiths statryet Qs ptipdized £ mﬁty Wﬁrw&fﬁv gned

as a first NFA state contajned, in the NFA state  set.

".PWMg%&@E&WI@#D B8A1pr oceeding to Step 5508

(Step 5507).

" [0108]

Syiobol guwis assigned as the initial NFA state contained in-an NFA

| state set (Qwza), with process flow pl-'oée'ediﬂg to'Step_S5B2 (StepS502)4 e
forosl g

~If all the initial NFA states quimy contéjne.di‘ mitheNFA :'stgtécaetx &NFA)

are processéd,:then. process:flow préceed.é toStepSﬁOﬁ In:;caaaébthéif.than

15

.20

25

" that described here, process flow proceeds to Step S504(Step 5503) Lt
[0110] NERINY : 1 - ‘:‘ ‘l‘i u " >= E:x:' .

Thé NFA state set (i.6., the: DFA state) { my} is;added to the state-set :

- @ and procesé flow pxocéédis%td'lstep f'SﬁO’ﬁé(Ste“pv8504);';-,';z.}f.-- R R

fo111] - _
quirwyis assigried as the next NFA staté contained in the NFA state set

Qovmay p‘m’c’:éés; flow:then proceeding to Step 5508 (StepSéﬁﬁ). L e

fonzz1 o R e

If in Step S503, all the NFA states my-oontained-iﬁ_ the NFA stdte set

~ @vrw are processed, then process flow proceeds to s;;@aam(sw §508).
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20

25

trgnst

. [0118]

[0114] If all the NFA state transitions t{NFA)

~contained in the NFA state 5 transition set T(NFA) “ar e !
processed, then process, flow proceeds to Step S511. '

In cases other than that described here, process flow
proceeds to Step S509 (Step 5508). [0115] After.

~trans({Source(t(NFA))}, {Destlnatlon(t(NFA))} and-

{Char(t(NFA))} 10 are added, to the state- transition

SeiNext, RvRDES §s§1kﬂ¥\& QE %Cﬁf’éiSNE‘hostaﬁ Sntadidll id fENFA state
5509): [0116] Symbol -t (NFA) is assigned as the next

s4F PuAThrSa B Wi robbeni e P SROBSId 0N

"[dqutL 71 If, in Step 8508 al | the NFA states t(NFA)

con ai ned in the T(NFA) are processed then an output

de t e SS.
736 MR iAo pripl s BrSoBiabloa it bia R SR55°
I\Iext F |s assi ned a first NFA state
%?mé%'} Ei?ﬁfip e REYCPPH B Proqeedy frAep S511.
and pr o essflo proceeds to Step 5508 ( Steg 12)
In easey) other than that &ﬁs reg BEQGeRp flpwnare g 8509
contai ned in the NFA output 25 descri pt-i on set

'(Ssemrﬂfao 1-e ‘processed, then process: flow term n‘at'-es:

In cases 32 other than that -described here pr'ocess
(o116l proceeds to Step S509 (Step 5513) .

 After trans({Som’ce(mA)} {Desﬂnatzon{tmw)}, and {C}zar(tumu)}
are added to the state transmon set T procass ﬂow proeeed,s to. Step ﬁ510

(Sbep SBO9): o in e i
_-'[0116] S S

++Symbol rznm):ts asalgnard as the next NFA sta}te centamed in the NFA
state set Ttveay process: Hlow pmceeds o Step 5508 (Stepi 8510)

o7l T I I LR URETE u

If, in Step 8508 all the NFA states twm) contamed in the ﬂmw are

processed, then an output desenptlonaset Bls made tos he ampty, mth

_procees ﬂow proceede‘ to Step 5512 (Stap 8511) voy el e ": v DG A

+ Next, dma)ls*assxgned asa first NFA state eontamed in the NFA

' output description-set me, and process ﬂow proceeds 'to- Step 5508 (Step -

S512). : | B IR Rt SV

JOL19F 1o £704 ks vf howmissrroo ey Sotade DAV e T E0RT, ot 1T

I all the'NFA output descriptions divpw contained inthe NFA output .,

 description set Dnry are processed, then process.flow terminates. igcﬁaaias- G

)
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- 15

e

- inghe NNFAutput description set ZAnmaiaod proges

. [0120] desc({State(d(NFA))} and Result( (d(NFA))) ‘are
"added to the output 5 description set D, with process
fl ow proceeding to, Step S510 (Step 5514).. [0121]
Synmbol d(NFA) is assi gned as the next NFA out put
description contained in the NFA output description
set D(NFA); and process flow proceeds to. Step - 5508,
(Step 5515).." 10 [0122] The procedures described thus

" otha¥ tiRin ohut dcRibed dve epidoaid o roceéd © Sept S509 (Seep

execut ed. [0123] Next, the procedure of “"renove .
(391determ nistic tranS|t|on associated . 15 wth E in
Step 5403 wi |1 be described. As exanpl es shown in Fi g
[0 and Fig: 34, if there emstsapluralrty of.. :
ransition destinations with respect to one

bedgt G ge}é}”wa’ﬁra%%ﬁ%{ﬁ E‘%&?@Zé ?été'rt%‘uét ut
deggéfi et o i Bl iha b sln gh16R8S ﬁ@t\,‘*’

te which 20 is an object of this procedure,.

: [0} 24] Wth reference to Fig.15, the ‘procedure: of

‘renove nondet er ni ni str c_. transj.ti-on assom ated. wt
E'Symbsl darsis assignedins thesaextoNEA oytpatt degerintion wntalned[
uses a vari abl e Found. The variable Retry can take
eoég |proceedsto Step
first place, Found is- |n|t|aI|zedto FALSE '

_-Spﬁﬂlrﬁw theh - -
'[0122]

The procedures desonbed thus far al]ow the procedure 1mt1ahze state

set”to be execited. . o e e bl T E e

_[0123] ' | : B I N A LTI Mt e .

| Next, the procedure of “ remove nondetemmxstm trans:tmn aasocxated :

.Wlth X in Step :5403: wﬂ]rbe descnﬁed As examples:shown in: Flgi 32 and

Fig. 34; if there exists a:.pluraht:y-fof transition 'dostmatlon_s with xosPeet;to L

" one transition character oel, a transition‘destination ibﬁaed-on:_ea_ch bt

: transition character ois uniquely determined by replaoiog the_pl_uraliﬁy of: .

transit.ion destinations with:a tr_ansitionz[destina_tiozﬂ to:a-new state, which

is an obJect of this: procedure
__ [0124]

- With:reference -to.F,ig-.‘15,--the.=procedéure'oﬂ’*i‘nemoiro mondetegminiébicl, e

transition assdcisted with 2" in Step S403-wilk be:ddécribed:This procedure

. usesa variable Fotnd. The variable Retrycan take either valueof TRUE or

%

FALSE.
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proceedi ng to Step S602 (Step S601). -.10126] 5 I'n the.
next place, q.is‘assigned as a first state transition.
in the state set ~Q' and process fiow 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 5616.- I n cases other than that. descri bed here,
..~ _process flow 10 proceeds to Step .S604 (Step S603).
- [01#518] Synbol O'is assigned as a i rst tetter among -
“the input al phabet E, with process flow proceeding-to

St di theQbrst plave, bl is iNitRlized R FALSEabL'oéeB@ ﬂo@i e -

O anong the input . al phabet E are processed th

pRéceeaass td posgm?@%g gpohep S610. I'n cases ot her

than that deScribed here, process flow proceeds to
[(ﬁt S606 (Step S605)., [0130] . G.ven that a start -
pornt i s assigned as q, i f there exi st's apluralrty of

gga?iéc e eﬁ&ﬁ@e %rig IS%% ém'éstgt%iw&ihé tﬁe 8hate set -
Qﬁﬁﬁsﬁe oyttt ter el e Pl eyt e

[ transition~based on .Ois. nonde_t erm nisti-c-t hen__
Mess fl ow procéss to Step S607. - I'n cases other: "
gg gégtg descrr be here process flow proceeds to

el,&) arpprpoessed otharpracegs flow
o p?osci:egg %t()j S?gp gﬁilg dInacapszrs %rt:ﬁrtef tr:h:.l'rtl tlzaatsti«é%mitbgci(:i:i(r.r(i'tca,u ;t:focess ﬂow :
proceeds to Step 8604 (Step 5603) | _.
o128l T i :. e
Symbol ois a331gned as a ﬁrst letter among the 1nput alphabet %, with -
process flow proceeding to Step 8605 (Step 5694) B S
' [0139] I R IR R a , L h
- .If-all the letters o-amang t:he 1nput &lphabet )2' are prawssed then .
. process flow proceeds to Step 8610 In cases a‘.:herrthan that deacﬂhed here, .
process flow prooeeds to Steps 8696 (Step Sﬁ@ﬁ) _
-[01301 R ” eas , fdy \ | - : , R
- Given that a start pointis asmgned as q, if theref exlsts & plurahty of
such state transxt:mns teac,h-of Whose_transmon c_haracte_r s, -.orllf :-there .
exists a state tr.ensition ¢t whose transit:ion ch'altacter- is a'and a's‘tat":e_' T.
transit;ion £whobe transition: 'c-harect’er is &m;s—-«i e, ifa :tﬁanﬁﬁan-base‘d on
- ois nondetermmlstlc—-thbn @ﬁocessf ﬂov\rprooeeds to Stép 8507 In. cages
o other than that deacnbed here, process flow. proceeds to. Step $609 (Step

S606).

L.
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a procedure "generate new state," process fI owthen
proceeding to Step S608 (Step S607). 5 [0132] The .
variable Found. is set to TRUE, with process flow :
proceeding to Step 5609 (Step 5608). [0133] . Synbol O
-i s assigned as a next letter. anpng the input. al phabet
E, 10 process flow proceeds to Step S605 (Step S609).
[0134] If, in Step S605, all the letters -anmong the

-[o1gput al phabet E are processed,’ .t is-assigned as a

first state transiition whose start point i.s a state

Sﬁfé%&feasmf'# i@"&s@f esks glahdd B Arstdder( ﬁ@ asﬁé@iecute

15 01 ate tranS|t| ons t eac whose
k t
a Pl RO neril e 8‘1’5%6 pficEes BoaCaRy Ofﬁ’gf"%‘ﬁ“ﬁmﬁﬁ"s
(Sf"gigéb d here process flow proceeds to Step. S612
611) .. [0136] 20 If the transition character
[Oggr(t) of t is- QGany then process floow proceeds to -
p S613. In cases ot her than that described here,

br ess fl ceeds tg p 2614 (Ste S612 |
T vapably Zund s sot o LRY. rq%@ ﬁgwma@q&xpg to

Qot her - b 25 replacmgt W|th (Source (t),

Step st G%nsﬁo%) ot her), process flow proceeds :to

35 Step S614 (Step .S613). [0138) Symbol t is assi gned
(0333 lhe next state transition whose start pointis - . o
Symbol ois asmgned asa next letter among the mput alphabet Z .
process flow proceedstoSbep S605 (Step 8609) B S
[0134] S B IR P

If, in ‘Step S605, all the: letters'e amang=the input: alphabéw ave . s

' processed AT asmgnad as.a figst:state tmnsiﬁmn whase start pomt il a state

g, and process flow proceeds to Step 8611 (Step 3610)

fo135] en - c-::;ﬂ':~. i S E .-.5 -":-'e_-‘;*_'J:;- R ey et

If all the state transitiens' teach-of -whose:éstaﬂ-%pbint}isrth@ etate gare::.

-processed, then process ﬂow proceeds to Step 8615 In cases bther than that.

described hete, process flow. proceeds to Step S612 (Step 861D.. o~
[0136] : : :r’ it . e o v f i _?:*_‘-i"rr'l_‘i. ‘::"'ﬁx"'“f. wil

If the-tranéitioh charactér G'baz('t)-'of tis f&.@‘théx‘i'pi‘oceise»ﬂow:prr)t:ee&e L

~to Step S5613. In cases other than that descnbed: here, pmoeas flow proceeds, '

tO Step 8614 (Step 8612) ‘.' PR af e "_'i'ail‘i,frihz't"._‘i‘i b .f:'m-".- b "*.r'fi' i

[0%137];-'\-_. P R S IR T PP PSRRI Y F 0 B SRR AL s ERL ORI 4oT b JURI (RS SERN

25

o =Afl':er the tra’hsiﬁibn*chafacter of ‘tis ’feplaced-awithraama-'—i;e} ; by ‘L

35



10

15

- 20

25

ST T T -

the state q, W|th process flow pr oceedl ng to Step S611
(Step S614). 5 [0139] in Step 5611, all the state
transitions,t each of_V\/nose start poi ntf is the state

q are processed, then the state ¢ is assigned as the
next state transition in the state set Q and process

~flow proceeds to Step S603 (Step 5616). 10 [0140]
“When, in Step 5603, all the states g in the state set
A5 if the variable Found is TRUE, then
prgzeélss ffﬁ\%%g?%ceeds to Step 5601. In ‘cases ot her

2%@1 that descri bed here, process f1 ow terninates’ .
ep S405). [0141] 15 The procedur es. déscri bed t hus

B ARG €S I i
oSk H B SSR o RSP PTS

[ogggldescrl bed. In this procedure, as shown In. 20 Fig.
regarding the transition based on the transition.
character aedw generated by "renove nogeterm ni stig
t rEns StamSaiboal theatafe transitions £ eashob whasgstartpaint is
transitions fromthe state.quo apl urallty of -the =~
thetséatesg are pronesegd, thaw ihe statehgimassigmed;as ghe next state-
nondeterninistic transitions based on the transition: -
trahsitiantinrthecithter sedr @, anth proceds flow ppicacds to Step 5668 &Step
transitions 25 with transitions to states of their
S&]Lﬁﬁn set gn=qlug2 36 [0143] Wth reference to Fig.
16, the procedure of "renove nondetermnistiec.
[0140hsi ti on associ ated:with a'te' in Step 8‘404 vvi.I-:-I- be' E
described.: This .
When, in Step 8603, all the states qm the state set Qare processed HE

_ the variable Found is 'I‘RUE bhen process ﬂaw procee&s to Step 5601. In

cases other.than *that described bere, process ﬂow termmatea (Step 5405)
1411 RETE AT O | ‘ |
The proéedures deécribed thus far ﬂlaw the_ procedure “féz_hove |
nondetérmirﬁstic transition associated with 2’ to be-.ezﬁecutéd.f .
PLAZl. e

Next the procedure of ‘tnemove nondetermxmstm transxtzon as:aoclated -

~With coewer in Step S404 will be descnbed In thls procedure, as shown in:

Fig. 36, regarding the transltmn based on the tranmtmn character O'ofhar

generated by “ remove nondetern.umstlc transltmn assoczated Wl.th i

there exist state transitions from the state qmto a plurahty of the states

grand gz, then, as shown in Flg 317, nondetermmstlc transxtmns basdd on

the transition.character.duterare deleted by-»replacmg the. st_a_te -:tranaltmns

with transitions to states,of their sum set g =gsUgs. o IR
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procedure USes'fheUVarlabIe Found. The varlable Found e
“'can take either 5 val ue of TRUE or FALSE, - and this  *

- procedure uses a varlable Counter. The varlable

Counter can take an integer value of zero or:-nore.
[01441, First, FALSE i's assigned as the variable -
Found, and, process flow proceeds .to Step S702 (Step
5701). 10 [0145] Synbol q is assigned as, a first
[04ale in the state set .Q process flowthen .
proceedl ng to Step S703 (St ep 5702). 701 .[0146]
Wﬁﬂ%eﬁr@h@?ﬁcg é_]L 16, e g&&eﬂlﬁ'@tof@ré}fﬁv@hﬁﬁﬁﬁﬁﬂnmatm

t hen process 5 proceeds to Step S/14. I'n cases

g ARl 8 413 K5G8 SUBALEAESe Wb RibaL A4aE
pRGOEANES Y e PAEs Bl PGP 009335%03*?35@8539&@ Qither -
%a%k»?%@aor Eﬁ&ﬁéﬁt@a@&? pEhige s petgllp Copper The.

(Step 705 [01 If all of the state transitions t
vazaable %Wg?%"%}“&r 78%0 BF fi¥Esed, then
1Irq;lc.'ess fI ow proceeds to Step S710. I'n cases ot her o
that - 37 descri bed here,, procese f 6w pr oceeds
‘to Step S707 (Step S706) [0150] If the transition
Fizsta FiAduSEtiaagsigned as \tarrmbls Fom mnﬂrm ﬂwwrooeeds

'__toStepS'Ioz-(Step_sml).--_ e TR T EOPE

Symbol qis assxgned as.a. first state.in the state’ aet Q prooeas ﬂow then
proceedmg to Step $708 (Step S702) o o - Lo "’(:}'}
[0146} ;g:fffnﬁuirfi*'ﬂwﬂ'”“ﬁ. ;?»r;;; ﬂ,{.awigeeh;fmﬁ{

~If-all the states ‘qin. the state :set; Qare:procasséd,fbhen proceas ﬂow

proceeds to Step S7 14, In cases other than that dessnbedhere, process ﬂow v

~ proceeds to Step S701 (Step S703). '* . '_ .' L T

[0147] I EAR oot R :;_ ; ' oo ._4‘ RN z "—".,jw_-:-_"-::"' .,!, R

Zero. is. aseigned s thewariable =,Comta'z§ and: pmeassﬁow proceeds to.

 Step S705 (Step S704). | | | |
ol

Symbhl tis’ assnghed as a ﬁrst state transz.tmn whose start: pomt is gq, N
and process ﬂow Proceeds toStep 8706 (Step 8'105) R

o o B R

If all of the state transitions: £ each of whose start point is gare -

_processed, theh'process flow proceeds to Step STIOIncasea fbj_t];erethanthate

’
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proceeds to Step 5707 In cases ot her than that
described here,. process flow 5 proceeds to Step 5709
(Step 5707). [0151] One is added to the variable
Counter, process fl ow t hen proceeding to. Step 5709
(Step 5708). [0152] 10 Synbol t :is set to the next
state transition whose start point is g, Wth pr-_ocess
flow proceeding to Step 5705 (Step 8709). [0153] If.
dédckibeldchers! pécvebs ﬂB&'% roRb6dd %ﬁbp@%ﬂ"(&@ SHE). poi nt -
is q are processed en process: flow proceeds to Step
[AghP- l.ncases .pther than that described 15 here.
process flow proceeds , to: Step 8713 (Step 5710-"

[ 0}pdle. traggtt' é@yﬂ%of Pis>&y Qrtx gi‘&%s

er an ne proceg%r generate

' caI | ed e W t hen eed)
- pidpeds g%%% SR S 49%&%333 sefptocee flow
TRUE abI ,Betry to TRUE; t.hen process .
| Prqcsm&bg 5’@@ 8 (Step S712). [0156] Symbol
(ﬁéf assi gned asthe next transition in the state
[ Qwth 25" processflowproceedmgto Step - '
703(Step S713). .38 [0157] . Wien, in Step. S 03, all the -
st Q@slScPdd?dtﬂﬁ’ethﬂ‘&réﬂtﬂ@tmﬁém @, then prpgeeding to -

vari able Found is. TRUE then process fI ow proceeds to

 SErepTeT tep) Shm 8).
 lo152] -

Symbol ¢is set to-the next state transmon whose start. pomt is. q, w1th <
~ process ﬂow-proceadmg t_e,StepiS"i’-ﬂﬁ -(Step_ 8709). e b
[0153] | - S PR
If all the state transttlons teach of whasa start pomt is g are process‘ed .
then ‘process: ﬂow proeeeds thtep $710. In: cages other than that. deacnbed
here procefss ﬂow proceeds to Stiep S713 (Step 8710) i
[0154] o | |
The parameter Qrource i8 set to 9 and a;to O‘atbm and the precedure
“generate new state” is -call_éd;,r. ,.prooess.». ﬂowr-the.n'proma-dingrm Sbep ST ;12 ‘
(Step S711). . | o | o | T
[0165] o | o |
 The variablo Foundis.set to TRUE; and the variable Remytﬁ TRUE;
~ then process. ﬂow proceeds to Step;S’Ils (Step*S'ZlZ) s A
[0156] . o . o g
Symbol gis asmgned as the. next transttmn in the state set Q 'wzth

process ﬂow proceedmg to Step 7@3(Step 8713).
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cases ot her than that described: here process flow
term nates (Step 5714).. 5 [0158] The procedure \

- describe thus far allows the procedure "renove .
‘nondeterministic transitionh associated with Oother to
be executed. [0159] Next, the procedure of "generate
new state" in Step 5607 and that in 10 Step S711 WI||
be described. The procedure is that by which o

' "[grlad] vi dual non- deterministic state transitions:

associated with the transition character- Q. are

oA i U VO il heRHICin HSH ke o t@afee{)ﬁrcém,;f: -

to Fig: 17 he procedures of "generate new sta

Coast | 13
ek i iao SRR B EREIEE e bhoblb/ ACKE g0l 18 Geop 010 In

10

15

20

25

3 [0162]

 caB8SbME A% BUIHIREARSA hok® Yibbodd Ak tekiindedBren 5714).

SOUTCG LS assl gne por nt etermne ‘a

: [Oiﬁé] states that can neke a transition based on. O
a sum set associ ated with 20 therr NFA states’is '
the,P deter ed V\hb?clgtﬁ%mﬁsetﬂ .as ansltjgée :
tr nsrtr on set then process prc;,ce ds to Step
eINHUAEE Sransiting AspoAA ‘E’gl!f’ ‘f

o Eréogess flow proceeds to Step 8802 (Step. 8801)

25 Next the'state qv-is added to 't he st'ate
set Q and; process ' flow proceeds- 39 to St eg 8803: o
( SNept,56roced W6 “geBgrateinaw statel in Giepl S69 ems that in

first state transition whose start point is the:

‘Step §711 will be.described. The procedure- is that by*whxch md.w:dual non*

deterministic state transltwns assoclated w1th the tranmtmn charact,er ot

are removed from the state Goouroo. . B TR T >

[o160]

' With reference to Fig. 17, the procedures of ffgéneraﬁeuné&'svat‘éﬂm Step
S607 and Step ST11- wﬂl be descnbed In the prooed&re of “generate new .
state Quource and o ATE asalgned as parameters B
16} . . s LA o |

.. First, the tstate'- Qoourde iiéfaaéignéd:aa* theshart pomt, todetermne aset of |

states that can make a transmon based on; 0% and a sum- set asaocmted with

‘their NFA states is then determmed whlch sum set is as&gned asa st:a’t.e v

’ q,, If the state gais mcl‘nded in the state. trmitmn set T then pmeesa ﬂow '

proceeds to. St;ep>$8 17. In-cases other than thht desmbedr here, prﬂcess ﬂow

. proceeds to Step 5802 (Step 8861) FRE R e ot ‘1'! v

Next, the state g is addad to the state set Q and proeess ﬂow pmceeda
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10

15

(Step ssos)

~ state qsourc'e pr ocess fI owthen proceedl ng to Step

804 (Step S803). .5 [0164] If all the state transitions
teach of whose start. point.-is q are - processed, then
process flow proceeds to Step S8817. I n cases ot her

. than.that described here, process flow proceeds tao.

~Step S805 (Step S804). [0165] 10 If Char (t)=CQt, or
Char (t)=Qany; then process flow proceeds to Step 'S806.

e td Bte}eS863 (gﬂggrssdm_n that described here, process flow"

proceeds to Step S816 (Step S805). [0166]- Symbol t1

[0163kssigned. as the first.state transition whpse start:

p0| nt is 15 Destlnatlon(t) process flowthen .-

7 T
64 18 dsligloR e TPt ABhitiord A4S st ?"5"%‘“ the

[cf%iirl bed here, process flow proceeds to Step 5808
p 5807).- 20 [0168] Unless the state transition -

1 JFRhERa sEF Ran RN, cpobalY ek it gt SR getayrs

_ addedtoT proce flow hen pro g.to St 809 .
Progeapds PW@%@W %FF& (:m%gbgtﬁb ﬁert an that:

process fI ow proceeds to" Ste S810 | n, cases O ot her

descaibedrhare prasess Bowrptaseeds W%te@
Ste? 8811 (Step 5809) [0170] o

[o165

I Cba'_rf(t)-——ag,’ or’ Cbai(ﬁ=‘a'.;§,;; then proceaszﬂaw prneeeds to-Step S806.

. In cases other than that dest:nbed he::e, pmcesa ﬂuw prmede to: St:ep S816.

e _tl,

[o166] - R - z
~Symbol £ is assigned as the first state transmon whaae start pomt is

Destination(d), process: ﬂow then pmceedmg**to Step 807 (Step &806)

B (-

If all the state trazisitions ¢ each of -whosa‘ statt pbint-i’s Destinétfﬂn(ﬁ- ‘

are processed then process ﬂow proceeda £0. Step 3812 zIn: caaea @ther than |

. that descnbed‘here, process ﬂow proéeeds=to Sttep 8808 (Step 8807)

120

25

{0168} . N T R R PRI e

. Unless the state trtms:tmn trans(qm Destmatzon(tz) Cbaz(tj))e T then
the state. trapsmcm trans(qm Besmnabanﬁtz) Gbaz(tz)) id addgd ta 7, pracess

flow then proceeding to Step 8809 (Step 88@8) 2} EiE e ..:,=,} e

- If:Char( tz)"—'a'g@ then process flow proeeedst;uStep 883:0 In cases



The procedure correct state trans|t| on based on some'
is called, and 5 process flow proceeds to Stép S811,
when (qsource “qn, tl) are given as ‘paraneters (Step
- 5810). [0171] Synbol t1 is assigned as:the next state
‘transition whose. start point is . Destinati on(t) .and
‘ process fI Ow proceeds to Step 807 (Step 5811).-
- [0172] If, in Step: S607, all the state tranS|t| ons tl
. otBaf th&h tmé@s@fb%ﬁthereppmcess floaspioesedotd. Stapasau (Step
.. processed, then d.is assigned as the first 'output
' SS’UQCH pti on whose output state.is . Destination(t)and
process flow proceeds to Step S813 (Step S812).
[0\/\12673] 15 If all the.output descriptions.d each of .
0se output descriptions is Destinati on(t) are’

DLEBE 135k B o RERE Rl HatAGR %Z*?%& ofpld s SR, 4
roce ds to Stig%%‘@ﬂ'?@s E’ 88 %1 ?)arﬁzgy#gﬁgss :
d dded h fl
paf“‘q” r@ %&ﬂp sa35 (Step. °s§12”)‘ (0175]  Synbol' d
‘ ssigned as the next output -description whose
[0 gut state- 25'is Desti: natron(t) and process flow

proceeds to Step 813. ;(htep '$816) . .0176]- Syrrbol 1
|sSxmo@ﬁewwwm eo@&tmm ign WipRRestarippeint is

point is gsource, process flowthen proce d| nsq o Step
Destinatiovidh ‘a%hﬁt)ocess flow proceeds to Step 807 Step 811

'[0172] . If, in Step.8607, all the gtate tzranamons ts each of whose stait
pomt is Desmnatmn(ﬁ are pmoasaed, then; dis asslgned as. the firat- output
- description whose output state i Destmatmn(ﬂ and pmcess ﬂom proceeds ;
 to Step ssisGwepSOID.
fo173) B Lo S T RO
 Ifall the'output"descﬁptiom deach of #hose-' output -descr'iptions is 0o
Destmatzou(t) are- processed ‘then process ﬂow prooeeds i:o Step 8816 In
‘cases other than that; descnbed here, prooess ﬂow proeeeds to Step 8814
(StepS813). - } DT RS m o e
[0174] o o .
| Unless the: output- descnptmn desc(qn, Eesuft(@eﬂ then dmr:(qn, |
Result(d) is added to I, with .proceao -ﬂow prﬁooedmg;tq-Stop-,S&_}S;(_&top |
S8l S R
COLTE] o et e e M\ .l:_,x_':_:;;g fey i g .'i'.:f-i;,-'.' SR
Symbol dis. asalgned as: the next output desonpuon whose output atate )

is .De.stmat:wn(t) and process flow proeeeds to Step 813 (Step 8816)

41: .



[0177) 5 Unless, in Step 5801, gn is contained in-the
“state transition set T, .and if,.in Step 5804, -all of
the state transitions teach of whose start - point is
gsource are processed, .then t is assigned as the first '
state transition whose start point is q..,,, with-
-process flow proceeding: to Step 5818 (Step S817) .

10178] 10 If all 'the state transitions teach of whose
[oqt;rg]t poi nt is qsource are processed, then process
f1ow proceeds to Step S822. In cases .other than that

CSBEHIREY i BSGgmBL HE¥HS oM Roaf ok BIEPaS oint i |
q%é%cl?&%g oé éttﬁgniﬁ%geedl t3%is %baggt%plég?‘@)an that . :

ere oCess TPow procee ep S821
mé%ﬁ}p S819) . [0180] The state transitiont is. -
' it nated fromthe state transition set T, with"

ss fl edi ng Step. S S82
TSB 0 Stch DT, 09 18 ‘5’%’3%‘!‘?’3&“@1&1 %é%&%e%@%% get 7, and
sitjon whose start i and process :
,fmo% $&% chﬁhStSéﬁt%%@n@gﬁ‘é‘pﬁ yof Wheso starygeint is
in Step S818, all- the state transi tions t each of vvhose
gesrapre peocessed, $han 4ie asgiemedsscthe finst stateitransition whose
. transition trans(gsources, qn, Q)=T, 25 then °
startpeity $o gies withpraepsflovs pm:aedhngtoTStepr%&h% (StepdiBl 7.
. termnating (Step 42 S822. [01831. The procedure . -
- {0agsLtri bed: t hus f.ar aI I ows - t he procedure:- gener ate new’

If all the state transitions. t-each of whose start pmnt 18" q.ioum are
precessed then process ﬂow proceeds to Step 8822. In ¢ cases: Bther than that
described: here process flow proceeds to. Step 5819 (Step S&IS) |
[0179] | o E

CIf Chard=or, then p‘roeeas._ﬂow proceéds.to Step S820. In_ cases othet - N
than that described here; process flow proceeds to Step 8821 (StépﬁSlB). .
fo180] - P
| The state transition ¢ is-eliminated from the gitate'-tran'sitiqh set: T} with
process flow p.roceeding to Step $821 (Step ISSZO).‘ |
[0181] |
- Symbol tis assngned as" the next state transmon whose atart pomt I8
g _.q.souma, and process. -flow.proceeds to Step- 818 (Step 8821) SRR
[o182] o R |
~ When, in Step S818, all the state-t:ansitions‘_teach of i'thSe]start Zﬁdiht?
is Gaourde :are processed, unlees.,th'e-.state 'traﬁaiti_on; txﬁn&(qm q&,'&ﬂe T,

then trans(qssurcs, gn, o_‘f_)e‘Tiﬁ-*faddedfte-T} process flow 'te;mih:ating (Step .-
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state" to be executed. 5 [01841, Next, a. procedute*of
"correct state transition based on- (' other . in Step -
5811 wi |l be.described. The procedure: shows , a:
merging procedure of states: that turn- out to be end'
“points of state transitions whose start points are
states gl and g2 in a case where, as illustrated in
Fig. 38, state transitions 10 based on the transition:

""'_sgﬂz)_racter Qother is contained in the state transition.

~ whose start point is the states gl and.g2 that are to
[opg3)erged into a single .state when nondeterninistic .
“transitions are del eted. I\/lerglngthe state ql Wi th

th’?h@kﬁ&@ecﬂﬁe rd%§gﬁ5§d tRuéf ﬂl§w§ @Hé"?rb&dﬁr@ 3’9&rﬂ@‘i’mw

the e poi nt's ased on t e state gh=qlug2 and the

) acter turn out. to be g3 15 ug5. In a_, .. :
stﬁfertﬁ &sﬁlon rrerglngthe state ql with the state :

'_[Ogﬁ‘gas shovvn in Fig. 41 causesthe endpoints of -
state transition based on the. tranS|t|on L

ters b, r.to.turn. t beq 8 '
N6t aaneocaﬂuaeofa‘n@m% SEh oL hiers P gse dor o 5 Step
refer nce to th pro edure_of "correc sta
Sﬁlrla bp slescrihe tmeﬁel.t SRAWSIARETE B states.
descri bed. This pr ocedur e uses’' CharSet-a set of an
thaf tuma eyt txhbetenm nshatieel gate traupitiens wihope startpaints are:
is initialized to enpty, with process_f.low proceeding -
states grasl qpibacasswhersoad jllustzatediiarFig. A8xstate tpansitions
assigned as a first state transition whose start point
‘bassd Smuthectrinsition) clhamdcprrooess id ¢omtainedcincthe atatst:qmmtlon :
903 (Step $902): . :
- whose start: paint-ig.the states grand- qg«that are to be merged mto a smgle* :
state when nondetermzmstm transltmns are -deleted Mergmg the state: Q'ﬁ 9!
with'the-state qx results m a:state: shqwn in Flg 39, ;a:ud‘the end ‘pﬁinta‘i
based on. the state qu uq: and the transttmn character b, turn out to be g3
vgs Ina smnlar fashxon, mergmg the state ¢z mth the state qz as shown in
‘Fig. 41 causes: the end. pamts of the: state transxtmn based on the tra.nsxtmn
characters b, ¢, :a_nt_i- Oothar t‘.e-t_:u:mf out te be Qfa _\_-qu__, T ths.- and gs\gs
respectively. o L -
: [0'185]‘ R By S SRR ok
W1th reference to- Flg 18 the- procedure 0 “co;rreet state transmon -
~ based 'on gother” in St.ep S811will be descnbed Thas*pmeedure uses:. o
CbarSet—-a set of an extended mput alphabet ae)l's '
[0186] |
- First, CharSetis initialized to emptypwith:proee::s's{ﬂow proceeding to
StepiS902 (Step 8901). . - o ' |
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'[01881 5 If aII of the state tranS|t|ons each of whose
start point is Source(tother) are processed, then .
process flow proceeds tO-Step S907. In. cases ot her

- than that described here, ,process flow proceeds to

- Step 8904 (Step.S903). [-0189] I'f Char(t) is contained
i'n the input al phabet E--i.e., Char(t)#Cany, and 10

.. Char(t)#Oother, then process flow, proceeds to Step -

- [03%89P. I n cased other than that described here, S

- profess flow proceeds to Step S906 (Step 89;04. [0190)

Chavdit) ¢ isSadaiigiad 49a Bt ﬁw%iﬁaiﬁbﬁ(?ﬁﬁ&ef 4t8W point is
proceedi ng to Step S906 (Step S906) 215 [0191]

0L k). 1 e daSest (93 Step 902
S S%ose art p i n cggbeﬂu@%‘{)&?}l&)}Eér‘ece t ot %rogess Iow
[dﬁ% proceedl ng to Step 904 (Step 8906) (-0192],.

tep S903, all of the state transiti-ons each of

tnehen o Ehe olits Heapst Ofiﬁﬁ?ﬁ of $HeRh EAM i i %ﬁﬁﬁﬁﬁ%@d’
iy Bebiady toost sruges o itisetls b Siai5 8BTSy hnep otper than
REEHESU SIS e

-~ termnates. In cases other than that described 44 :
. [0388k: pirocess fowproceeds 't o Stép 8909 (St'ép S908),
[0194) I'f Destination(t)#Source(tother), then process
f | SnChadddiseontainsdém telaput siphabstsToies rCharkA#owet and
descri bed here, process flow proceeds.to Step S916

- Char(t)#osther; then: process flow proceeds’ to“Shsp 8906 In cases other than

that:described here, proctess flow prooeeds to‘St;ep 3995 (Step 8904)

Char(t) is ﬁdded}_ tofmarség wi’thpmgs’:gow@édm: to Step 8906 -
‘. ] {0191] PR i v PR ;"_r,'a;;.,;;_; i : e i ;;
. Symbol £i8 ass:tgned as. t:he*next stat@ tzm‘nsltmn whosmstm pmnt is -
| Source( bothen); precess -flow: then proceed:tng to Step 904 (Step $906): '
If, in Step S903 all of the state transztlons each of whose start pomt 1B
Sourceltomes: are] processed then tts asstgnechaﬁ the ﬁrst atarl;e transﬂ:ion _
~ whose start pomt is thestatsé’ q, w1th procass flow pfnceed.mg to Step 5908 - -
 (Step ssm) e e e o s
{0193] - o o | ' i
.If all the state transitionsiq each of whose start pomt m'l:h& state gare

processed, then process ﬂow terminates. In cases other than that described

44
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5 (Step S909). [0195) Synbol tl i s assi gned as a fr rst
state transition-whose start, point is
Destination(t), .and process f1 ow proceeds to Step 911

. (Step 5910). [0196) 10 -1f all the state transitions

- t1 each of whose start point. is Destination(t) are
processed, then process flow proceeds to Step S916. In-

. cases other than that described here, process flow .

- hereppredss flowSpepediisld SRpPIOD (Step: $mE)7] M Char(tl)
Is contained in the input al phabet E-i.e:; _

[oTba) (t 1) #Cany, and :15 Char(tl)#Qother hen process:
fl ow proceeds to Step S913. In cases ot her ‘than t hat

deggc 95@@ 910.
(St elgb%g?Z?sﬁ@f(%S] %ar t .sg?é’mf%ﬁggdiﬁﬁ&steps 10.

rlnga%éésﬁrﬂ{ﬁ q%%éﬁgu’sl Fge@c{%ggée processéfgt%gsmlpnsg_16 |

to 20 .Step S914- (St ep $913). .[0199] Un|ess .
‘(S?‘%Poggﬁgfe transition trans(qgn, Dest]1| nati on(t ot her)

' m@g{(tl)) =T, then the state transrtron trans(qgn,
|nat|on(tother) Cnar(tl)) i 5 added to T, with'

pBbok4 W@id' ”%ggﬁ ot e@rié’m?w ﬁ?esgéépgm? is

transr t ose start point. str na and - j
eats oy P %‘31[‘*3201]

_ ess in St ep 6909, Destr natr on(t)#Source(t ot her)

&[069 f, in Step S911;, - i .

 Ifall the state transxtlons t each of whase start pmnt 1s Bestmatwn(f)

are processed, then process ﬂow proceeds to Step 3916 In cases other than-.—
that deséribed: here,fproeess flow pmceedseto Step 8912 (Step 89119

| .[0197] TR A T E i ke et -;.‘f_s;-:r. ; e il v ;.} B

I czzaz#(tz) s contained i'mfhé»in-pu& alphabet}}—-z..e Cbm(tz);ﬁam ;ma

| C’bar(tz) ;éa'ma-, then. pmcess!ﬂow proceeds to Step 8913 In eases msher

_ '_ “than that described here proeess ﬂow proceeds to Steil 8915 (Step 8912)

loios] SR e RES
. If ChaK(t) is?_mntam&iﬁ*. GﬁamS'et;*theﬂ?pmceéééﬂdﬁ pmdm -
- Step:S916. »In!cases other than that descmbeelr here, ﬁroeess ﬂow proceedﬂ to:
~ Step 8914 (Step 8913) i S e 1 ORIy
fowd -
" Unless the state transmon translgny Desﬁnakzon(tam) Cb&{tz))eT
then the state transltmn tz‘ans(qn, Destzﬁéwz:(tou@* f?bdli(’tz}) 1& addhd to: T
with process flow proceedmg to Step 8915 (Step 8914) o [
foz00): = - L I EE Rt ':.: ' |
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5 all the state transitions ti each of -whose start .-
point is-Destination(t) are processed, -thent is
assigned as the next state transition, whose start

~point is the state g, with: process flow proceedi ng

to Step S908 <Step 5916) [0202] The procedures
descri bed above all ow the procedure ‘correct state 10
transition based on Oother" to be executed. [0203].

NegymHob ¢, 1y aneghieadihe fiesmitats Hragaction atifseisbardiwint is
5105 wi Il bel. ~described. This procedure elimnates a

D@bﬁh&tzbb@) dibpiddess flow J19650 09 Sted! ST Step SAETY t Of -

the process and does not turn out to be an end point
[ob91Pf a state transition---i.e., a state in which.any
|nput has no destination to reach [0204] Wth

Lféﬁési?n%%?éﬁé% EFB?tE ik Mﬁ*?@fgrﬁe

a Es eﬁv?ar%} etF%)u ssq:%_ rra n%c t)%‘

ggr%ag}d =z nd F}E g g d as F@I}SI% an &%ﬂo estfqe}flt i
(Eaers 155 epimnehas ths paxisy 2 rrwge?l Gsengtrt pgint is

i R B S A A

O&Stfp 51002). [0207] If all the states g contained:

he state set, Q are ‘processed, then process flow
proceeds to Step.S1017 In cases ot her-than that ,
deg‘bem;-ggpdures escnbed above allow the proeedure correct state

transition based on Cother - t0 be executed.
[o203]

Next, the procedure of ‘remove unused state” irr StepS105 will be +

~ described. This procedure eliminates a state that has -thus far been

15

20

. generated as a result of the process and. does not tum out’ te be an end point
of a state transition-—i. e ‘astatein- which any mput has no- destmatmn to .

creach. e Tl s T

f0204]

With reference to . Fig. 19;; the procedure of “remeve iunused state” in

- Step 5106 wﬂl bl descnbed This procedure uses: the vanable Found The
' ,vanable Found can take either value of TRUE or FALSE.
- [0205]

First,.the variable Fazmdne ass1gned as: FALSE, and process flow
Preceeds ‘to StépS1002 (Step- 81001) R ‘»_5 PP AR SRS

" [0208]

25

Next, gis assigned as a first state contained in the state set @, and

46
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5 here, process flow proceeds to Step S1004 (Step
51003). [0208] If the state g is the, initial state
go, then process flow proceeds to Step S1016.. In

cases other than that described here, process flow-.
proceeds to Step S1005 (Step S1004). 10 [0209] 1f
there, exists a state transition whose endpoint is q ,
t hen process flow' proceeds to Step- 81016 I n cases -

T préddas flowhprodebds 6896y 52603 (Step SPOORess, d.- flow

- proceeds to Step S1006 (Step 51005) [0210] 15 The -

f02@y]i abl e Found inset to FALSE, and process flow o
proceeds to Step’ S1007 (Step S1006). [0211] - Synbol t
'%m&%%ééﬂgaﬁtaﬁﬁém Bhe'stdid/lnt @ afe s 2hbn .

poi nt rocess ow pr ocee Ste 008:

ok et asinn ﬂ*ﬁ%@%‘%%%’%@%ﬁ é@”“{’%&m

e i Shqan A5 sBoReah 5 e SRS SIhoF o ctets o

| p S309 (Step. S308). [0213] 25 Such state
o8]

nsitions tare! defetéd fromthe state transition ‘
set Tiwith 47 process flow proceedin 0 Step 010
df she stateogis the imtial stajergel then; Brosesy émrcpraga% fo Step
next state transition whose start point is g, and
S1916chr saﬁsml'prctbwdbat de@‘ﬂpﬂdlb@@s w@&smeyocesds to..
[ 0215 :

]
_St.ep S1005 (Step 81004)

- Ifithere. exiSts a ?«st&'te“ tf'a::tsition whdse ehdépoiﬂt*is-q,-,then=process.-ﬂow--

‘proceeds to Step S1018: In cases other than thAt deambed here, proces *..si ;

flow proceedstoStep $1006 (Step S1005). - - o . . SERLLE

. .[9210] RS _-,:-.1; ! o ; Uit

The varlable Farmd ls.set to FALSE and preceas ﬂow proceeds to Step
51007 (Step §1006). e o i

fo211] - '

Symhol tis asslgned .ag-a first/stite transxtmn whese staxt pmnt is: qr, $

' and process ﬂow proceeds to Step 1008 (Step 81007)

.20 .

25

[0212] EIRERE. S S R ?;':*‘_.‘:Lt-:: T PR

If ali the state: transrtlons teach, of wheae stari: pomt 1s qare processed

then process flow proceeds to Step SlOlL In caseszoth&r than that descnbad
_- here process flow proceeds to Step S$309 (Step 3308) DR -f‘,.i il
| [0213] SRR IR A e _{-"'51’. L s Ly S |

' Such state transmons tare deleted from the state transmeniset T.with

- 4T
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~If, in Step S1008, -all the state transitions teach -
ofvvhose start point: is - .q are processed, then dis,
assigned as a first out put descri ption whose " out put -

~state is g, wWith process flow proceeding: to Step.
'S1012 (Step S1012).- - [0216] 10 If all the output: _
descriptions death of whose output description is: =
pare processed, then,process flow proceeds.to Step

‘ 'pﬁh@ééiﬂodmﬁ-aemhﬁgherSt@ﬂﬂmomf(Sbepdsm%)bed here,

process flow proceeds. to Step S1013 (Step, 81012)

' {02341 7] Such output description dis renpved. fromthe

out put - description set D, 15 process flow then

Pr 8eaAfd] 29s hesi gh@ﬂ a8 18 HeRt 30at8 kR4 Rdition Ok hBle sbﬁ!‘f"ﬁﬁint is g,

di s aSS|gned a e next out put descrlptlon whose

= pRer Bt ndshale o BRI OO RS SR L5002 "art

[0‘23?) out put descriptions death of vvhose output. state =
11 are processed, then the stdte gis refoved from

St %é?e% geléﬁ?ga%&‘% %ﬁ%ﬁ{aln% $3§g§§f§fwost§§tsﬁg@t is

next state, transifion,contain inthe gtate

-gare preregteth nfq'mﬁﬁ A adgseuyy

51016). 48: [0221] St S1003 [ | Ny
oufpait @gafg @@%‘ath @aomsmley Bmfeegdgt& t@@%&b%%@&aaﬁlﬂm)- '

and_if the variable Found is TRUE when -Found i's

lo2a6kked, then process flow proceeds.to Step 51002 |

cases other than that, described b here, process: fl ow
t effalh ahegutmtte@e@t(pj;mﬁ)s d each of whose output desmptmn is. gare

pracessed ‘then. process ﬂowzpmcesds to Step- 81015 Inécasea other than

o that descnbedshe:e,eprocegs flow pmcegdsatavStep Sﬂﬂla‘i v(Sﬁe__va;lﬂ‘}_._Z);m e
‘_[0217] _ - S IRl s’: A,'\-w:;.:;- PR ,

SN

- Such output ﬂesc:_ription dis rembvgd &om th,e output d'e_ﬁcription set D,

process flow ,t_hen_:proéeedinggﬁpi'Stapi!S-lﬂi-Qﬂ(Stefa—:s-iﬁiﬁj; e

[0218]

Symhol d is asmgned as the next output descnptmn whose output state |

 is ¢,.and process flow proceeds to: Step 81012 x(Step 81014] g o

[0219} - Ly ' e 'J '; l' L ;H S .' . -';;.-JV':J,‘ T
If in Step $1012, all the output descnptlons d each of whose output

state i is'gare p:cocessed, then the state gis removed from: the state set Q,

-mthsprocess.,ﬂomproceedmg.m Step S_l(}lE; (Stap--SlOiﬁ)@:;s_ A

[0220] . S ";3 DDy D e ;:‘ + :z,} et syt cereif) —:—-'>‘3>1".'-v',';"":;-1

Symbol gis assxgned as the next state transltmn contamad m the state

“set @, and Pprocess ﬂow pmceeds to Step 81063 (Step 81016)
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[0222] The procedures described thus-far -allow for .
execution of ‘theé procedure. "renopve unused state."
[0223] 10 Here, the procedure "renove unused state";
is directed to reduce menory capacity needed to:store
a state transition table. Consequently, regardless of

"'.V\,het her this proce.dur.e..is omtted, the procedure -

"match; input. document”™ can be execut ed, Oni.tting the
[Oﬁﬂd)]:edure perm ts- reduction. of ‘time necessary. for .

‘conpi |l e mat ching: conditions.™ 15 [(0224] Next, with-

T elf e Step 50.008gall 20 the stutes meanfedrmmwmm@m-e

state" in Step S106 wi Il be described. The procedure

proRBRReAS ahf Khd0riable FYBAFESTRUR vlier Foundlis chetked, then
case corresponds to a state transition that has,

%seﬂgw%b&ec%sd@h@ﬂe%aélod@ 112a8bSbther tHAY M@eﬁéﬁﬁé’d

oyen-one o C exanples 1s 1]l ustrated I1n

h{fﬁ ptgc%%gﬂfﬁf&& 19,31;&503': gsel?]% 7).f egardl ess of  whet her

rans on os point is g3 based. on

' transition character b, the operat | on of the SDFA -
oL -

mat on r emai ns unchanged Removal “this state ‘
sition aII _ th total nunb o
ot P8 ropeiiies dacties Bhb o 0w dme Pyutfhy ?ff;ben%'@aaﬁm--
to store tae St a| fe 25 tranS|t|on tabl e can be reduced.
“remoxe Jinpsegatates ot es 'to: merging a’ plurality -49 of

'[staLes whose. end points of the state transitions W|th :

ect to all the transition characters are equat to'
each other, one of which exanples 'is  illustrated in
Fi gIerasthemeos&dumg “remgvieguangsedosiateisie directed 4o seduce
and g2 have the sane end points of their state
me Yy icapecisy weetled 4o pbare a stade trandition tablen Qmmuenﬂy,
characters, the states grand. 4s can-be repl aced with"

" regardibesdf wﬂmther th1s procedure is: -omitted, the: @mcedupe “match input;
~ document” can be execute& ,Onnttmg the' pmcedlire parmr&s reductmn of!

o 'tnne necessary for ¢ compﬂe matchmg condmons a8 ; e -

[0224]

Next, with reference’ t.o Fxg 20;a proceduré of “remove mdundant atate”

in Step 8106 will be descnbed ‘The procédm removes twn kmds of...
.unnecessary states A ﬁrat case corresponds to a state trausmon that has

‘the end point- 1.dentlcaL to the state trans:tmn based on dm one-of which

examples is illustrated in Fxg 42. Referrmg to’ Flg 42 raga;rdless of whether

the state trans1tmn whoae end point is 2] based on the transltmn*character\

- b, the operatlon of the SDFA automaton remains unchanged Removal of

=thm state“traﬁsiﬁdn hllowa feductmn in tHef ﬂa‘tﬂl*numbﬁraﬂf @tata

tranmt:ons, whereby the memory» capaclty needed to stare ithe: state

transition table can be reduced. A second case relate:s to m&rgmg a plurahty

49
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- which the states 'ql"and g2 are rre.rged-. Béc‘_ause one -of

the two cases deletes . a state or a state transition, -
whereby the other may in sone: situations bhe capable
of renpbving a state or a state transition, the two
cases repeat until no further state and. state
transition is deleted. 10 [0225] ‘Wth reference to

Fig. 20, the procedure of "renove redundant states" in
oﬁeimpeﬁﬁr(hﬁse\ehﬂ pointdefthelstate fHhnsitiomseditherospest to all the
vari abl es StateRenoved ‘and TransitionRenoved. The
tradisitidh eBazichéreRaensyuad taedch btlers ohe of Rdiioh eﬁtanfpies is
take either value of TRUE or FALSE. 15 [0226] In the

8 %fhave
| ow. proceedl ng to Step S1T02 (Step S1101). 227]

the ??&S .lé"n% intd G10NEr 56 Qijé’ﬂ&tﬁh@hggﬁ tiwé’di:%}ci 'té?

O process tlow procee o Step: 81103

L @%Wog%%%?%agﬁgf i on WA?@E LLy r%uqmnto .
LB AP i s Bty @&2&?@2%%0 Miletes
?ﬁ%@i%fﬁ statp BraeifiBh. RASREOL (R ek mmay F@%l%g%m%%@%s be
capbie rﬁ??flﬁ%ﬁ}ﬂe%g@aiﬁﬁf%}eog stapeabio Slé%%& 230 opeat until

- no furt%er state and state transmon 18 deleted

W1th referenee to Flg 20 ithe. procedure of “remove redundant states”

Step- $106 will be descnbed ’l?he procedure ! usea vammbles Stataﬂemoved

- and: Transmonli'maved 'Phe' vanables Smm}?emaved and -
| TransitionRemoved can take: extherfvalue ef;-’IiRUE\ or FALSE o
 [0226] | | '

- ¢ In'the ﬁrstplace,StateRemowedm settoTRUE,WIth preeeseﬂew

proceeding to Stép S11024Step S1101).:1 -+ ¢ rii o0 1

fo227] -

A procedure of “remove redundant state trans:tlen ig called and

process flow. preceedl to:Step’ 81103 dunng wh:.ch procedure
- ﬂmtzonRemoved is gét (Step s 1102)

[0228] ’ - ’:;‘:;.;.;i: TP S B G :._.._-..‘.;x:.';, { | '.‘.;!f...-..-'_;...,:1,;:._--.:.. it
If fllransmm:tﬂembvedﬁFALSE and StateEemoré%’I‘RUE procese

- flow terminates. In cases other than that desenbed here, preeesa ﬂow

proceeds to Step 81 104 (Stap: 81103)

50



flow term nates. .In.cases other than that described. -
here, process flow proceeds to Step S1102 (Step -
51105). [0231] The procedure described-thus far,
~allows the procedure "renove 10 redundant states™ to
be executed [0232] Here, the: procedure "renove.
redundant , states" is directed to reduce menory
- capacity, needed to store.the state transi.tion table.
- [02@®dequent |y, -regardl ess of whether this procedure is.
~omtted, the procedure "match input is docunent" can

be Tawasrdc8durd Fhbi e&ddiﬁlﬁ%%%@«é%’f 2 Sdlletprocstscioveproceeds

in tinme reqU|red "conpi | e mat ching. condltlon'
td 8 1105 Stept 1 ocedure of "renove. redundant. state .
tr gﬁ’;st. on' Steﬂplnﬂ S1102 wi |l be described.. The. .

(0 edure, V\,hl ch corresponds to the first case 20 of
ve redundant:states," renoves a- st ate transiti-on

tr srdfers “%; -"sfewae"cﬁw Ul S e d*ﬂi@iﬁmw
0284] .W _

kA SECTRICENG R 1 T

o will esc i bed: 51 éoi&%] The vari abl e Tran5|t| on
PF(&?B@%&O §eq H@%%wn 1THRISE, with process flow -

: é)rolgeedl ng to Step S1202 (Step S1201). [0236] 5 Next ;

assi‘gned as the first state trans'ltron cont ai ned

in.the state -
~The proeedure described thus far allows the pmedure .remove .

redundant states” to be: executed ROt g ‘ P
logs2l L e

Here, the. precedure ‘remove redundant states"as directed te reduce
memory eapamty needed?te store the etate tranemon table, Consequently,
regardless of whether this proeedure is emtted the preoedure match input
document” can be executed 0m1tt1ng the procedure allows reductmn in time
. required for compﬁe matching. cond:ttmn S s B A rlf‘
[0288] e e gt et e

- Next, 'the'prooedure of “i‘emove redundant s't'a_te‘ treesitian” in Sfeb‘ e
S1102 will be descnbed The procédure, which. cerreapondsto the fifst case

of “remove redundant states,” removes & state tranmtmnhavmg the same

end point jetate ; ae.that‘ef.- a state -tr.anextmn- b_aeed; en Osthér, 88 -ehevm in. F-_‘lgf.
42. R S S RETES
1028l v el e e st A fr
With referenoe to Fig. 21; the procedure of “a'emeve redundant ataJ;e

transition” in Step-S1102 wx]l be descnbed* R o

51



transition set T process fi owthen proceedl ng to Step
S1203 (Step 81202) [02373 1f all the. state o
transitions t contained in the state transition set-
Tare processed, then process flow terni nat es. In

cases other than that described 10 here, process flow:
proceeds to Step S1204 (Step S1203) [0238]1 .

. Char(t) is Oother, then process flow proceeds to Step
“[02%d. In cases. ot her than that descri bed here, . ;
process flow proceeds to, Step S1210 (Step 8104)' 15
[ 02PRd vhkixble TPandtinAReARVedas firBEsdtto N ABSEL Qnthpmcess

_ tranS|t|on whose start potnt i's Source(t),

4 206. (S 81205
SE Aiediniito t_hémmgtﬁgg%ﬂ (Stop ).

state transitions Tl each of: vvhose

ygdit point is Source(t) are 20 processed, then:
process fl ow proceeds to Step S1210. In cases ot her

0, 3 A B R R SRR e
P e S G i stane

s -.[‘gggérl bed here, process flow 25 proceeds to Step 'S1209
p S1207). 52 [0242] The state tranS|t| on:t’i's
elipnated fromthe state transjtion set T, and - _
pr @%lst | sSatepiranaitinns ecaste ineshizothe slate trmmayEyn set T'ave -
[0243] 5 Synbol: t1 is assigned as:-the next state . =

A - pregegped,ithen prnerss mmrrpmatas.| In cases other than'that deambed

" here, process flow proceeds to-Step 81204-(&69 81208). - oo

 [o238] R | SN
If C’bar(t) i8 ‘Goihen then process flow proceeds to. St:ep 1205 In cases
. _other than tha.t descnbed here, procesa ﬂow pmceeﬁs to Step 81210 (St:ep |
8100, et e
f2sel e P _
‘ Next, ¢t;is asi'gned as the .ﬁr.st" state transltmnwhose sbart: pomt ie_‘
. Source(#), with process ﬂow proceedmg to Step 1206 (swp 51205) |
fo240] T PR IR AR

~If all ithe! state transltlons ity each of whose start pomt is: Sor.m:dt) are '
* pracessed;: then process ﬂew proceeds to Step 51210 lIn cases ather than
 that described here, process flow proceeds-:tb Step SlZﬂ?(Step 812&6)-. -
[0241] o o R

If ti# ¢, and Destmatron(t)wDestmatmn(t;) then process ﬂow proceeds 2
to Step $1208..In cases other than. that descmbed here,apmcass ﬂow
| proceeds to Step Sl209 (Step 81207) |



Source(t), process f1ow then proceed| ng to Step 1206
© (Step: S1209). [0244] Unless, in Step 81204 Chart(t)
is Qother, or if; in Step 81206 al1 the state
Ctransitions t1 each of whose start point i s Source(t)
‘are processed, then 10 t is assigned as the "next
~ state transition contained in the state transition set
~ T, with process flow proceeding-to Step.S1203 (Step

[0842]10) . [0245] - The procedure descri-bed thus far ail

ows the procedure "renove redundant state.

tr Ph3idth R rab@ithsh ¢ ERmiRALed Foml thé/dthtd\eptinsition: set T and

procedure of "nerge redundant stat es” in St ep S1104 -

ﬂ%ﬁé‘d'dsb@cgte#)@ifﬁfg%@ opase of "renove.

redungant states”-- |Ilustrated in.
[0? 43--th| s procedure nerges a pl. urality of . st at es . .
ther in V\/nlchthey end points of the state - =

| 2%&%&%"“5 il ob FROSAL 36 EH ARG ea;%aee point is
S%ﬁ%ﬁfﬂ%ﬁ%ﬂﬁ%&b?ﬂﬁ@% odige i Sean 120 (5o aahBhn "

ment 1 and the |ike. Wen this procedure nerges '
[Ogﬁé or nofe states toget heri, "t he"25 vati abl e

St at eRenpved i s aSSI n s. TRUE. In_ cases other. t
t hhknless, i Step & %Hwe@ mera%ﬂe\%@m%ﬁ@ﬁwgﬁe
- is assigned as FALSE [0248] Next, with reference to '
state tragmitions ¢ovsbufovistse poind ig Seuece(Darei nmeessed ‘then
- table and output table" in Step 5107 will be ‘
¢ ibemanigroartias Thenextistatenteatsition containpdndhatstate. tranmtwn set
~ transitions 11 and the output descriptions 12 f. rom the
7, with process flow. proeeedmg to:Step. 81203 (Step 51210) e
[0245] et [ bl e “
The procedure described thus far allev&s-the procedure “_remeve S
redundant state: tra.nemon” to be: executed e R
Next a procedure of “merge redundant states in Step 51104 wx]l be -
descnbed I the second ease of ‘?remoye redundam: states”-*—thatwle as’
illustrated in: Frg 43-’-i-ﬂh18« procedure mergee a plurehty of eﬁatee tegether in
which theé'end points of: the:state tranextmne for: ail tranemon‘ characters are
equal_toeacho_ther., e :_; o e
_' [0247] NS ST AR SRR .. VRIS {.'-.-.3 i fiso '.‘. ‘
The procedure mergeredundant statés” in eStep euem-émmr:h den
through well known procédtirés: eet*fo‘rtlﬂ&ﬁre g‘-Nm'Pétent Boemﬁent: T
and the like. When this procedure mergee one or more etatee together ’the

| .vanable StateRemoved is aeelgned as’ TRUE In cades ether than that

..53‘: R
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s

~ state set 25

th-e state tranS|t|on set 26 and the i
out put description set 27, to store.the transitions
11 and the descriptions-12 into the state transition
table storage 4 and the output table storage 12, -
-respectively.. [0249] "10 First, when the total number

of states contained in-the st ate set Q's assigned as
"N, each of the .states is assigned as an unique state

- degeiibed heteithe Vaeiabdé StetaRdrhoveis désigried! ﬁoFALEE,)

[0250] A first state transition't is extracted from

" [6248]state transition set :2': .15 :(Step S1302) .- ‘['0'2-51],:3;; -

If all the state transiti.ons t contained’in the state

tr a8k, vAikh %@fer@ﬁéeetgp PiP ?Qszﬁgﬂocﬁlﬁ% J gt a%té.—h%emnsimn,

proceeds to Step S1 ses - ot her

B Ree EE ?%‘F”%W@?ﬁ“‘r’%‘% oo PRogegure.
: .e%t%cmlfeﬁéﬁ%‘%t%%ﬁﬁéé et %t‘*p?‘}‘ %ﬁ%ﬁaﬁéﬁ 32 daigme

{%Fue@%s Sty Rt et e NnE R o Wﬁﬁﬁéﬁ%ﬁsm-m;.

o i priiiiied e

stination(t) -tuple, is adddtothe state

tablgisteragsid and thpongpat table ghorage ge&pqcswbé ‘hash -

~val 32, and process fI ow proceeds to Step 81306
{9249y 51305): 02541 i's assigned as-'the next

state transition contal ned in the.state
-First, when the total nun:tbgr ofstatea" mmsdmthe atate set: Qm

_ ass1gned as N, each of the; states isi ahsagmadias an umque state number
| Stata[a(q) of zero thxough N 1 (Step SlSﬂl) .

[0250] BRAREER '7':1'; et ol T _‘f';'.i: ;i:ff"" '-‘3.:“«5_:'7-'::é::;;ti»"--?"ft}‘f'hv.‘: 'r*:.r::t'_-‘»',a;';'f-- :

| A first state transztmn tls extracted from t:he state trmsmon sat i

-(Step 81302) _ 7
v [0251] T Vit T .'.:‘ e :A‘:'- . ":'!-' "'f,: ’ ;:" .; S ".;':':‘,"'Z}:E;‘ .w ¥ , :-A; P e

If all the stat:e transxtmns &contmned ui fihﬂ stata txansmon *éetw T,are -

processed, thennprocess flow! proeeeds to Step SlBﬁ?uIn case& ot:her; t;han

that descnbed hexze prooe&s flow. proeeeds to Step &I304 (Step 813&3)

With respect to a current-state- Somve(ﬂ and mput-character- C’bal(t)

tupls,; the hash value.caleulator 81 comgutes fﬁhe haah valwe 32 W:tth

| process: flow- p‘roceedlﬁgvthtep *513@'5 QStep 813951») mw; F!( iy .. f = e
[0253] TR S :f-;,"i_ R R ES -'.': Qi O ::u;"i‘.:' I;l_’ v aft - f; '. L .

The dtate trans:twn hash chain 34 is ccnsmtuted ef & cm'rent atatia‘ P
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transition set T process f1 ow t hen proceedlng to Step
S1303 (Step 51306) [0255] If, in Step 51303, all of.~
the states transitions cont ai ned in the state-
transition set Tare processed, a first output

. description id is extracted f.rom 10 the out put
“description set (Step.S1307). [0256] 1f allthe:
out put descriptions d contained in the output

Sateseld, inpatrcheiadber-Tiarfy andssed;:stato Dessinition(d tupie is
term nates. In cases other than that described here, -

aﬁeﬂ%%efdtﬂﬂé fa9eResIEhigh Poiited B30whoiestifct30She hbsh vale
[0257] Result(a) is added as the conditi-on nurrber ‘_ -

3% Bl R LW Hrooilist toTrep BT (St8

B1365).

corresponding to the state nunber Stgt el d( St ate(d)) of

_[D?E?} e(d), with process. flow proceedingto, Step S1310
ep: S1309), [0258] 20 Synbol dis assigned as the:

actln TG B RF bRl 8 %tér?ttﬁﬁﬂ PG R e,
tr%t% iopL A RSP R L (PR 3@&%3332& $1308 1560 82400

[%gggswl on table and out put tabl e" to be executed. 55
0 Subsequently, with reference to Fi g 23; the
procedure of "matc put document” w ||

delfcin Btep S[‘la%le}ll o@tha states fransitipns smn@m%naeh@ §tate

set to the state q, and Erocess fl ow proceeds .
transttlon set Tare prooessed a first output deacnptlon d 15 extracted from

the output descnptlon set (Step S1307). - 7 | _ |
'[0256] P | B e
If all ‘the. output descnpt:mns d contamed in the output daescnptmn sefiiD
-are processed process ﬂow t:ermmates In cases other than that desonbed
~ here, process flow proceeds to Step S130 (Sbep 31308) ' -
‘[0257] ; , . ‘
- Resulld is added as the condxt:on number cham 42 to the oondmon
number index 41 oorrespondmg to the state number Statefa(State(tﬂ) of -
State(a) thh procesa ﬂow*prooeedmgj -sSt;ep.;S1_310:.;681:39:8;1309).-r.; e
. [0258]: - S IR PR AP
| Symbol-d is‘_assi_ghed 'as'thé_ ne'xt output deeoriﬁtiqnoontai;ted_in‘the 1
~ output description'D, process flow then proceetiing to Step 31308' (Step
‘- [0260] - et cenii gt 7,.“_'_,;;!m_;;E_‘“_:g:”mw_,&_ﬂ_-f'i;jw__?‘ el ety
'I‘he ptocedures described thus far allow t;he procedure gen.era:te state - |

transition table and output table” to be executod
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1

15

20

26

to Step S2002 (Step 52001). [0262] The ‘output table.
storage 5 i$ searched to output a condition nunber 16
associated with, g. This procedure is inplenented by
~sequentially searchlng 10 for pointers to the

“condi tion nunber chain 42 corresponding to t he state
nunber. Statel d(qgq) of the current. state 13 of the

_condition nunber index 41, If all the condition
. [o268ber. chains 42 have been searched,. then:process

fl ow proceeds to Step..S2003) [02631 15 Upon

COSRbebqTtlF, with refdtehce B Ff%% heprbaidtir8af ematéR input .
cases other than that described here process flow _

 dREREEAESwAPDSHERRA04 ( SLep 52003) . [0264]° The next..

I nput character 14 is received fromthe i nput.
[@gg acter reader. 7, and the character 14 is assigned ,

- as 0 with process flow proceeding to 20 Step; 82005

(o AR hhvia bR U o B L oAb BPodsBB oy proceeds

|st destination qdfromthe state q
%@4@9 $ééﬁ;‘t|on character oi. whet her =

: [Oéggie exi sts trans(g, qd, 0)=T--and. 25 process flow:

eeds to Step 92006 (Step 52005)." 56 [0266] £
g‘&‘gemststhetransmlon destination qd,- '
sutpppinhlestewage 41 wagghabbpouty q#%mhepmmber 16
than t-hat descrl bed here, process flow proceeds to
assogigted @gﬂl gg{!‘bps mgdyre ® mgn}ented by sequentmlly searching -

- for pomters to the condltlon number cham 42 mrrespondmg to the 'state -

number Statefa(q) of the current state 13 of the cnndltxon number mdear. 41,

VIE all the: ccmchtxon numher chams 42 have been searchad athen process

' ﬂow*proceeds to StepS2@@3> et :j:;.,_;.,‘}:_'_ o SR

. Upon completlon of al! mput process flow’ termmat»ea In cases other

than'that described here;-'processsﬂow._proceeds to Step82004 (St_:ep $2003).

[0264] S .1?'4'_._1'?':., -.‘,\':'..J. B ;_‘;“‘_;_f! C o i, D L -_;:.‘ l"_'.. _'.."‘.'r],- ,‘. 21 , I“ ; ” , o AT

The next inptut; characterM is receiireci &oni’,thé.» ‘ihput»k:haracter ‘reader.

' '7 and the character 141 is asszgned as g, w1th process flow pmceedmg to

The state ttanait_:ion table storage 4 is searched to ché'ck whether ornot, - .1 |

transition character: o—i.e., whether there-‘.e._ﬁsm:;ms(m '?&r‘.-v)-e ‘T-,—-ajnd B
process flow proceeds to Step 82006 (Step:S2006). : S

56 o

- there exists a transition destination gafrom the state ¢ bajsed onthe o



Synbol qd is assigned as g, and process fl.ow proceeds
to Step S2002 . (Step S2007). [02681 " If there exists

‘no transition destinati-on gain Step 52006, whether or

10 not qd-exists-i.e., whether there exists qd which

is trans(q, qd, Oother)=T--is checked, process-flow
~then proceeding to Step S2009( St ep: 82008)1 [ 0269] If
.. the transition .destination qd exists, -then process
YiP[QQGQM/proceeds to Step. 52007. In-cases -other. than that.
descri bed here, process flom1proceeds 10 15 Step S2010

( StfehebB2Rdts thd Oratiditidh destination qustliiﬁi foro80 vt proceeds
process flow proceeding.to Step. 52006 f0271] The

to@t@ﬁwséxg%ﬁﬁésl erangﬁfthat ke¥tribed RbAS ?%Hé@s flBw-ch

I nput cument e ‘executed. {0272

R b e AR e S0P 110 ‘n’SU?' String shown

[Og Fig. 544, the operat| on of the string ‘matching.
§Z]t emof this enbodiment .will be described. belqw.

hi ng 25 copdition,shown i [ ha
S ERbbh u e dteaet 86 % RB4HIOEe low soesiie B 8P t?f?%
Fi g Sﬁqlndlcated in Patent Docunent 3.is -made to
(s 83 }o a format in this; “enbodinent, belng
| ogj cal |y equivalent to that shown in Flg [0273]
[ EL executlng a procedure ' conprle natchlng "‘

conditi on" shown in Step '
If there exists no transition destma‘uon qum Step 82006 whether or .

. not g4 emsts-—-1 e., whether thare exxsts qewhmh m mm(q, Qd, Wﬁ T——1s .
' checked process flow then: proceedmg*to Step- Sﬁﬂ@Q(Step 32008)

'[0269] e Ly e ; ,

Hthe: tr-ansition ldeatinatien: qd*e:ﬁst.s‘ th'an pmwﬁbw proceeds to Step

| 52007 In cases otherr than that descnbed here, process ﬂow proceeds to

Step $2010 (Step: 82009) f o L
 [o270] S e L e |
| " The state gis setto*qa, w1th procesa ﬂow proeeedmgto Step S2f}06 o
fog7al oo e

The procedures descrlbed abuve allow the procedure match mput e

s

' dbcument” to be executed. |
fo2r2y Sl A o
By exemphf}qng cases af the matchmg eondxtmns 2 lliustrated in. Fxg 44
and of the mput string shown in Fig.: 64} the ope:ratmn of the atring: - Ao ‘
- matching system of th.ls.embod;ment will be desmhedfberlqwji; The matching

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

.57




 S51, the state'transition table shown in Fig. 45, and"
"the output table shown in Fig. 46 are generated from
t he mat ching condition in Fig. 44, " Here, the state
nunber of the initial state is set to zero.. [0274] 10
‘The state transition table in Fig. 45+ represents in a
~table the current state 13 stored in the state o
transition table storage 4, and the next state 15- to

© cdrtition(intFighs® dndieatettin Patint Dowtiment 8gs ihale fohonberth to a

state will be 10 when - the state nunber of the current
forhiitani thiSémbodimbhe beﬂﬂ%ﬂog‘iéﬂlﬁ@@ﬁl‘val éit: to thit shb@n in Fig.
figure, a synbol"- enot es that no next state exists
52nd the state 15 transition storage 4 can store such a
‘conbi nation 'wi thout using nuch- nemory. As shown in

- _[0'57@] 53, the conventional finite. state. autonaton wth
“output requires 90 conbinati.ons, whereas man exanpl e

5 22339’”@%8%"& Srosed CHERRAL PRl Siriioh BB3WH A Sier
. .\ Sfaibﬁ%l@esta%ﬁﬁyé nee‘(g?gl &?}Pﬂtore h‘g&.fﬂléﬁb‘;ra tta%Pe-sh'o‘Wn
'lncﬁbué?ﬁcstqvérggdtﬁemi%con ipgondt 0%%355&%%@ the .

- out put table storage, . V\hlchlndlcates for -

' Sqaﬁ%flé‘ﬁtl@rqfﬁh?%@ﬂtﬂ?&ﬁﬁtéﬁtm& .ate is four: a :
Coqgltl on nunber of zero'is out putted. 25 [02761 58

3 n ‘exaifplé, - “Fig. 47 illustrates the Operatlon of =

the systemin a case where an input string of:"aaca"

i s Theatatectransition tahledn Rigds represensein wotable the current .

initial. state (state zero). Subsequently, the. first

_ st@h@ﬂé@tmd iof thetstate transition table storageah wind the hextragate: 15

" made to State 2-the transition destination of the 5.

tocther impiue chhpacton 18 elge mdml:m)g tl:fitrthe dexit statamlll beil0 when
destination based on the

" thestate number: ofrthe current state is:gix. ami the: mp‘ut uharacber,n“ d” In

the ﬁgure a symbol “~” denutes that no next state exxabs; and the state

~ transition storage 4 can store such a combmatzon wlthaut umng much’
memory As shown n F1g 53, the conventwnal ﬁmte state automaton wlth

- -output: reqmres 90 combmntxm, whereas m'an example shown in Flg 45,

. information on-46 state traasltmns may merely be,_stored, wk_uch pmV}dGS,an '
effect that :reduce_s‘ﬁaen:iory‘»ne_edéﬁ;to* sfore the: sta_te&;génﬁiﬁqmt&ble.. i
o275l . o B et

- The output table in Flg 46 tazbuidtes thesetef the condiiiﬁn{ni:ﬁzbér 16:
.cerr_eépondi_ng to: the cﬁrré'nt -:étate’_l& storedm‘ the o@tput,.tahle:ﬁt_ergge; 5,
whi'cil- indicates, for instance; that'when the : current state: Is four; ;é’dri&itibn
number of zero is outputted. - et A RN . BRI |

[0276] -
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0

: 15

20

25

- transition iswpdde Ap Statecbt—the tramsitionc

“character "a' is-defined, it is. unnecessary to rrake
reference to Qother; which is represented as: - I
"unnecessary" in Fig. 47. Next, the second char acter
."a" is read in, and a transrtron is made to.State -
5-the transition destination of the charact er "'a"' in
State 2. Next; thethlrd char act er: d' ds.read,: and-a
10 transition i-s rade to State 5-the transrtlon :
deAsiamexamphd, Ihgafﬁdﬂm::ﬂ@h the opefation of th&lsyﬁt‘rent ea case
fourth character "a" is read; -a‘transition bei'ng made

‘where Shahpuf Strihe of Tl is ﬁ:rprfte@d iPigst; the etateh@isgdtan the

"a" it State 9: Input terminates here. [0277]. 15 The
ireREY stath Gtate koKD V‘Sﬂb'&rjf‘i@htfgo thé firt Soiratter SOHERREE is

requrres o seven tines o ng referencet to-the

dsidos 'bE nfa"ﬁ%' o) Qﬁﬁigg % radsi rﬁ?&@stm&tmn of Fhe

con Itions, eas In our-tines o

MY Aot rgfcgrdt@et%tha e&rr;rrtzr@gréa on th
A ST AT B T

' t 1t t i »
:mtrﬁer%!“r%? b < RSReRSre B Rats AT, Boxt er e atestar s

278 Here, the natchin ndition in Fi
Lnrlatrﬁnptrm wema,slegtage é—églnﬁswegmrsmmamﬂ of -
h -t echni que- set: forth in Patent Docunent-3,
axagier (A i StateoddNext she shved; cherasionsict 1sread; .aadaa

the initial-state based 59 on all of the characters S
ahagacter "2 in.
shown in Fig. 44 is to.identify a rratchr ng target
State Or Yexh e fortrthn charanter ‘@ids: redd;tdiéraxization betsgrmade to ;-

t hereof vanes; W thout al nost varying.the object. and .

© Stahe 12rethei trgnsxtion Aestimatitn. ofjclenragtan ‘Y intStaterdt biputy

condition in Fig.44 can be 5 converted into t hat - shovvn _—
termﬁa@stlfhreThr s case further reduces the rrem)ry R

[0277] : ' , il . tE ‘ I
| | The conventional .t__efcht:iriue 's':e_t. forthmPatentBommentS«mquxres N

. seven times .t'{)f -making ref_éréméf;toéthe: state:ttranaiﬁoh;?tablé: basard ﬂ;p?otrthe

same conditi-ons, 'w:he'reas‘in this embodimaﬂt-‘-icur'times--af'referencing- will

suffice. In thIB way, the present mven.tlon is dtrected to prevent the -

_performance degradatxon due to repeated transmonrfaﬂures; and to enable
| }ugh speed stnng matchmg, by setting to twma vor Iess per character the
| referenee count of the state transltwn table due to! tr‘ansltmn failure:’

H E 1 Il N i N i . o . - . . 1 - . PR :
[0278] T S S R L N f,fhri*{_.', TR T R B B A 2 U S-S BN L
I o : -~ ' - .

Here; the matehmg coﬁdztwn in Fig. 44“ whm'h is: set‘forﬁh forfﬁhex

B purpose of comparison w1th ‘the: techmque seb forth in Patent Document 3

has & parttcular cendltton m ‘which: tranmtmna fmm th;e untaal state baaed




R e

“needed for the state transition, thus allow ng a
benefit of the enbodiment to be enhanced. [0279]
Executing the procedure "conpile matching condition”

- shown : in Step 10 S51 generates fromthe matching

conditions 2 in Fig. 48, thestate transition table
shown in Fig. 49 and the output table shown in Fig.
50. Here, the state nunber of. the initial state is

- owall ¢fgha eharac{t@fd%)r]e allbwed! Ah @bjectiof the matt:hhi@oon'dmon

° e
. .- 10 .
_520_
25

be enl

Fig. 49 neans the sane as that in Fig. 45, 15 and the

shuwil & Fog. 431846 iddritifyd hiishiigerieget strivgy “{ldtdvbh if iBy one
state transition table storage 4 I's reduced to

- ofhe dMairaBtoPS SV 48P variks: ”Wfitﬂodt'%lﬁﬁﬁﬁ vaf"\;;lhbftﬂb object and the

necessary nenDry 1s reduced. reever, in

m%%m% 0f the eg&’h&ﬂé ﬂgn&ﬂgﬂidtthr? hi%gdzﬂiméﬁr mFFz% 4&dan be

the~ operati ut “strin

Pﬁe‘a %trfsggf#l ﬁgtﬂgqls ﬁﬁe E{.%gﬁ&fﬁémre%%é 9{1‘& h‘r)e}nory.

string 1s no

ference,i s 0 _Ooth ver . thea. .
nedad15F tho SEAsEFAGH R, FRES plibwing f BengBP PELES empddiment to
nexf1 fs,‘t?:ﬂ%;e is, therefore, set to the initial state

an te O .when reference i's nade " twice to the '
sta e transi-tion tablet Hereinbelow 25 transiti ons are .
{dt to State 3 and State 6 based on the second C
character 60 "a" and the third charact
r e&iFeentingthe pgoeedatre ) owmﬂ#dnmmmdelm phowar in §tep
strlng the transition destination of the "a" s, not o
S5 genexktes &om the matchingemditions 2tin Figads, thestasy transﬂ:mn
state 1 is obtained. At this nonent, reference.is - .
tabdelehowinde Rig: 48earsd hhevoutmnstaibrl@nhmhlm Figub0hHermrthe :
atransition is made 5 to State.2 based on the flfth .
stabanaoiber dfthe Snitizd sBatd 1, sl thaerd.he.. nurrber

fo2s0]

The state transition table in Fig. 40 means the same as that in Fig. 45,

~and the number of state transitions: riesded tobestored -;in'athe state i

tr‘ax_mit"ioh— table storage 4 is reduced. to 23, which ;pﬁvi&eaé-a -.behéﬁt in that -

~ further necessary memory is¥educed. = {1

[0281]

" 'Moreover, in terma of the matchmg condmons 2 in Flg 48 FJ,g 51

f illustrates the operaﬁon of an-input string “xa:bxd Smce in: State 0, the

transition destmatmn of the ﬁrst character “x” of the strmg is: not deﬁned

reference is made to Oother. However, the transmon destmatmn has yet to be.

deﬁned ‘The next state 18, rtherefdre set to t:heuhltlal state* ST State 0;

~ when reference is made twice to thee si_;ate-t_;ranmtmn-table: He.r_embelow-,‘

transitions are made to State 3.and State 6 based 'on._’;hefsecqr'xd char-acter'

‘60.‘_ e




zero being present as the condition nunber -16 turning -
to be output, this will be outputted. In this case,

- the reference count of the state transition table

- reaches seven. [0282] 10 Note; -that as set forth in
Non. - Pat ent, Docunent 1,a general  DFA having no

out put can be deened to be a specia l\/bore ‘machi ne that
out puts two, Kkinds of information of "accept" and

) “ g lagidette thafd Elgraetdis,” Mapetiobly. Byncetiel shedortlngharacter “"

whet her or not there sinply exists:a condition

of&ﬁ@’%‘éﬁn‘gﬂtl‘i"e tr AR &eéﬁﬁﬂh&n of Bhé « STRROKHt WRIFin R Refelréfice is-

configure a -string matching 15 systemthat outputs

st Bt %?é“eéﬁr%odtsarﬁ‘é’%?ﬁ* g, Bid Bitbng roferonco s

A3 87 'O Goe bHRMIGO G106k EREuRpliRE LR thlition is made

S L e L R
@E&g&%ﬁi& acandision n&n@&ts@?{m' aig o BR apput, this wil

' [0284] |t shoul d be notedthat al-t hough t he -
- becpwignithechingdhis pagee the sefpzencerenuny ot %%t& fransition table
- transition hash table 35 for the state tranS|t|on _ :
repghe®s@®ist orage 4, any data -structiure ‘capablé of "
| ogi cal |y representing a two- 61 di mensional structure
[o28B]l e such as a string and a tree structure (a trie),
may be used to inplenent the table storage 4. (0285]
| t Nottethalt as set foethnixi Dbri-Batenti Docireepietfa general DFA having
~frequently used states such 5 as the initial state, a
: mdaﬁeptﬁtdaqﬁw deemudh;oaxe map@ambmobkamqaﬂme dhat autpugh two « -

~ kinds of mformatmn of aocept” and “reject” as the t‘mtputf alph&bet By
dveﬂaining='v:h'éth9r:o1fsnot: there simply-exists -a-,-éonmtmna number'.m ot
‘matt.:hing result, this emquiment can‘also configure astring matchingf i
syateh:i that otttputs two kinds ef ihfotmatio_ni "éccept” and “t_eject.”_- |
[o283] e e wUoas
‘Note ‘tltat the embodime_nt described t_htis' far has _aé-suined that an 2
iﬂput target -end;a matching .t-tirgeb are lf‘reliaf.at_:te:'rs:,?’.;:yghichi&rentgtélimﬁfﬂéd
to hﬁman-readabte strings, but applicable toan arbitte.ry"symt;ol string, and
| a data string, The characters may.be applied to identiﬁjr, '_,for example, a gene
sequerice, data measured by a sensor and the er; |
[0284] “
1t should be noted that although the embodxment descrlhed above
employs the state transmon hash table 35 for the state transmon table

_storage 4, any data structure capable of logmally representmg a two

61 -



___access rate nay be used whil e mnth respect to -
#% | ess-frequently used states, data structures such-as
‘a high nmenory efficient hash table and. the tree _
~.structure, may be used in conbination. [0286] 10‘It

- shoul d be noted that, although the enbodi nent
described thus. fat enploys the state transition hash
. table 41 for the state transition table- storage 5,,_-
- dbf¥nsidhal stridhirertableaRdbhe aQitringGinhh tied éRueaaet(atgie),
a one di mensi onal - structure table such as the tree

nﬁdibléh%&té“i‘ﬁpléiﬁeﬁlaﬁ{k ta%ﬂé%toﬂgu 4oe enployed to " -
i mpl enent. the table storage 5, 15 | NDUSTRI AL ..

| CABI LI TY  [0289] The present [ nventr on.is.
“applicable to a str|ng mat chi ng system - 20 25 62

é}# MRould 850! 'b% t.gél rl!ﬁgk lw?t;}? {g%) ét ?& fﬂﬁaﬁeﬁﬁg %eﬁ% s such

em Cconpri si ng gener

E aﬁ%ﬁ%ﬁ&ﬁ%‘@%ﬁﬂ ﬁf‘d&ﬁ?a&% AL Rk 8 aniiieg rgaiar%vg@f*sﬁ-hlgh
s BT AL R B e

transrtlontabege erator in 10.if_po
dataspauchunes sushaga steatwm@qné Bitablp angltfwéﬁ%e
- state and -input- character tupl e exi sts i'n the state
strughiae; mpay beysed iepemiirationsed on  the matching
condition, then the autonaton nmakes a-transition: back

- loas6l s o
IRV O should be noted t;hat although the embodlmant descnbed thusafar

employs the state transltmn hash: tabla 41 for the st&txe transltmn tahle
storage 5, any ‘datasstmcture‘: cap-arble-e.of Iogxcaj]ly :epr}esentmgrazane' .
| dimensiotlal r_structufe_itable'suchza's-‘ﬂhe?tree{sit_matu_:_m' aa'.f:'t&':t;he.rhaahrfﬁable,t
may be emplcyed-tosmplement-the t’able -storfage Booo |
| - INDUSTRIAL AI:’PLIlC-A_BILITY' |
fozeTl . e _
. The present 'ixivenﬁon'-is',zappiidabler.:to-arstringmat_tching;ays’temgr. T

62




i'nitial state mnthout proceeding to read the |nput L
character. 2. The string matching systemas recited in
claim1, wherein when a 15 plurality of matching ’
conditions is inputted into the state transition table
generator, the state transition table generator mer ges -
out put descriptions based on state nmerging, to:

generate an output table, and the autormton delivers

out put according to-the output table. 3. The string

mat chi ng systemas recited in claim1, wherein if a
transition 20 froman initial state goto a- -

. predeternined state qlcggumhsttran3|t|on froman
arbitrary state q to the predetermnined state ql,: are
possi bl e based on a. predetermined transition :
character a, thenin generating a state transition

t e siate transition table generator adds to
R

ansition table the state transition from

1 e arbitrary.state toth det ernined state.ql.25
: stan?ﬁ]l?ﬁ LN LS ﬁsgl?gltlon character a . 63

aher & SEhGRASRES ﬂ%é%fe&%ﬁr?ésééﬁ' i sfal® Hansition
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15

20

.25

a state transition table generator for generating
st at a1 pRbAPetior makia g trem sidon apeardmi tp thehstiate on

described’'in-a regul ar expreSS|on and _ an-aut-omat on

transitiomtable generatedityi the stete txansition table gengrator; wherein

transition table generated by the state transition -

if noasidxg- @anertmmdemﬂmtmm state with wespect taagiurient state and

destination with respect to a current-state and i nput -
inpia-chsaaeterdupleiptistsan gtesstiabe tismsition ¢ablegenerated based on
- tabl e generated based on the  ‘matching condition, then
the inatcliinigecondation | then theldhetogeitenah akesla teansition bank to its
excl usi on. char act er based on whi ch the autonaton rrake

inifial emelwhlthﬂut Proteeding to read the mput character _
2. The string: matachmg syetem as recited in: claml 1, wherem when a

_ plurahty of matchmg conditions i is mputted mto the state tran&tmn table ‘

generator the state transmon table generater mergee output desmptlons _

based on state mergmg, to generate an output table, and the automaten

' dehvers output according to the output table

3. The string matchmg system as reclted m claun 1, wherem 1f a transztlon

frem an initial state goto a predetermned'state qs, and a t-rensxtmn from an.

arbitrary state gto the predetermmed state qi, are pessxble based on a

N predetermmed trans:ttmn character o; then in generatmg a state transmon -

table, the 'state transmon- table generator adds to the state tranmtmn table
the state transmon from the arbitrary state qte the predetexmmed state gz

based on the predetermmed trans1t10n character o.
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- predeterm ned state without proceeding to read the
i nput character, to generate a 'state transition .
~table. 15 6. The string matching systemas recited in.:
claim5, wherein if no next- transition destination
state with respect to a current-state and input--
.character tuple existsin a state transition table
. ~gener ated based on the nmat chi ng condition, 'then the'.
s state transition table generator generates a state
4.t Minsitringmissthiegtsystan as rebited injclaind owhereinthestate
transition to 20 'the initial state wthout proceeding

. trahdtio8adbldigendrdusr edidigaaesthe dtatEteansitiongable atronging to
' systemas recited in claim5, wherein when a

ahﬁeﬁ‘iéﬂﬂbty of matching conditions i's inputted into the
state tranSJtlon table generator the state transiti .

0 r ut descrlptlons based
5. R shiRL S SEREL RS2 L5 Haecee@xseiee

o genérate an output tabl e; and the

aut onat
t abl & t%ﬂe M&%%’aﬁ?ﬁ&‘eﬂg? | ng yst em goa%%gletqg hon
L Cl wherei.n if f t
bt Bl P ik oI o B 5%?%% %d
- character, and a gran |t|on destination
: pr ed@feRRiorRALOn, H%F%@PE? jrapsuiey ﬁ?@rﬁ%%aﬁ%o% Fabl e -
‘ gener at repl ace .arbitrary. racter v .h
tragRians ol ERAPERELRY LB iRt FRBH L PR B Rt whefein if
destination based on the predeterm néd tr .
1o pRYl-teansition geshnation yngh rpsRect iR RGRITERE aﬁaiﬁ ggut
destinations ql and g2 are ferged. The &
chasmcteaingle guistninaihe Sate Seanaiton dableenmmerad hosed 94 the
" a given state a plurality of tran5|t|on destination.
 mas¢hingscobdition thenitheratate/ ransition tahle geperaigr éf«’éemtlﬁ@ﬁ an.
the state transitiontabl e generator replaces the _:
exqhusioal dhiayacter daaed sn\wihichahet autematon make A trarsition to

plurality of states are merged. - 10. The string «
pré&b‘t@i‘mimdsmtemﬁmutmcmﬂmg tolreadnthe Mmitdt&rapterb to

generate a state transmon table | _

6. The string matchmg system as recated in clalm 5, wherem 1f no next-

transmon destnnat.ton state w1th respect to a current state and mput- '

- character tuple exists in a state transmon table generated based on: the ‘

| matchmg condition, then the state transmon table generator generates a

state transmon table based on whlch the automaten makes a transmon to
_ 'the 1mt1al state without proceedmg to read the mput character

' 7 The string matchmg system as recited in clalm 5, wherem when a

| plurality of matchmg conti.ttaons is mputted mto the state transmon table
~ generator, the state transntaon table generator merges autput descnptmns
based on state mergmg, to generate an output table, and the aut.omaton

delivers output according to the 'eutput table.
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10

15

~instance in which the state transition table generator
nmerges a predetermned state ql' with a predetermned .

~state 92, the automatonmakes 15 a transition, based-on-- -
-the exclusion character, :fromthe. predeterm ned state

- g2 to a state g3, and then the state transition table
-generator merges with the state q3 a state transition
‘destination whose start point is the . predeternined
state gl. 20 11. The string matching systen1as recited

| 8. iThebaing Matahiorgsystemeastatited inrchaim 5 wherein if from a

gener at.or, i-n generatl ng a nondet er m ni st c finite .

given statetthere geist aakensition! ddstirtativnsi} basedaws agrarbitrary
transitions based on a netacharacter ".™ as arbitrary

cha@heted Gl a VRsiibh A8stindRoh Z; bHeEd oh'd predsibahin

systemas recited in claim ‘wherein'the state 65 .

cha&é@t%e'tdé BB siﬁéltfagﬁﬁ%%me F&z&%@fféﬂlﬂ%ﬂhe arbitrary

rmnistic finrte omat on aces - -

cha%ﬁ@ﬂ&:?' itR e Qa%gnﬁd%ﬂ%gar é h%?ﬁ*e? é’ef)ﬁicle ¥ tion. __

ransi ti ons base a an ransi ti ons

destEpioy %Qhﬁﬁl%ﬁﬁ%%%&?éﬂ%ﬁﬁ%a%ﬁmﬁ&@ Ml aspee

o f d |
| mtéw;{l'éb@aeiﬂaﬁ%?wﬁs?ﬁa ﬁig&%@?@%ﬁéﬁﬁa@a e

racter er, then the st ransiti,on ta

o G b st e a4 Fectted 3 R B e fom o
_tran3|t|o 14. 'The stri mat ¢hi n tem as eC|ted
given statg; qrrpﬂgalmﬁ ef &msamﬁ eghpation s %@sn}% 'ﬁaﬁl@sr

transition to an identical state based on the:nor

charngtexepistacthen the sate transitiom sablezenerstion seplaces. e :

the normal character  based state transitions. are '
plugahity efistatesywithen state dntewhich thewlwrelity ohstates asemerged.
‘makes a transition to an identical state for all= " .
10.c HEhe string niatching spsdeinnasorestied iarmlain s, mhasm ﬁnn an
makes a transition to an identical state: '

~ instance in which the state transition table generatm: merges a
-predetermmed state gz mth a predetermmed stm 4}2, the automaton makes

a transmon, ba_sed on the t__exclus.mn character, from the predetermmed state

gz to a state qa, and then the state transition tab}e geiierator mérges with'

- the state gsa state transmon destn.nahon Whose start pomt is the

SRR

25

: predetermmed state q;

11. The string matching systém as recited‘i;ja'_claiiiﬁ-s, whe_r the state

transition table generator, in génerating a nondeterminisﬁc ﬁmte

automaton, generates a state h'anmtlon assxgnmg transmons based ona

: metacharacter as arbztrary character transmons

'12.  The string matching system as recited in clazms wherem the state ‘

6_5'



B

15

.20

25

15 based on a normal character and an excl usion
character Qother after the pl urallty of states in. -
whi ch the aut omaton nmakes a transition to -an. i-dent i-cal ~

- state for all characters has been nerged into one,

- then the normal - character-based state transitions are
del eted. 15. The string matching systemas recited in
claimb5, wherein the state 20 transition table
generator configures the state transition table

- :‘trammnduarme teneratainhgendiatingl noﬂdettemglemt&mtog

program for matching ‘a string-by controlling a

auteﬁmuhefepmrereaﬂmmseaseaemmBmhmmnmm

the computer execute the steps of 25 generating a

. traﬁ&ﬁgnzlstﬂa%@a'drﬂ 2Bhhrdther B%ﬂdtraﬁghtﬁmﬁﬂidebﬂw 0 agtlnsion

scribed in a regul ar expression; and making a

sidion according to a state transition table o
Ch%rég%ra%é”(ﬂ' with a state transition table generator; if

s

I-J

I g e

ot ee r@”c%%f%ﬁ?«%&ﬂetgﬁﬁrtt?gﬁ%a%#mﬂe_
_ger?ﬁrggrlae% y ontro |88 2t egjnpuag{étﬁ%em t he

generatlngastatetranSItlont _ ] an -. -
14 i soee bt syatag Pbestred B dada %%ﬁ&efw the

and i f no next- tranS|t|on state with .respect_to a

-autnmatontmekaes ¢ tanuisitiopto emidentical staip based og; thepprzpal

state transition table generated based on.the _
chansictdyi and Homekclnsion characker ome, after the posmah ChaIaCter
character based on which a transition is rrade to a

‘ba.iedestete tmmaetions are deleted a plurality of states in which the

automaton makes a tranmt:on to an 1dentlcal state for all characters is
/

merged into one; and the automaton makes a transmon to an 1dent1c:al state

based on a normal character and an excluslon character Oothar after the

_plurality of states m 'Whl(‘.h the automaton makes a transmon to an 1dent1ca1
state for all characters has been merged into one, then the normal

| character-based state tranmtmns are deleted

15 The strmg matchmg system as recztedm clalm B, wherem the state

“fransition table generator configures the state transmon tabie accordmg 10

a hash table _

A strmg matchmg program for matchmg a stnng by contro]}mg a

_ computer wherem the string matchmg program makes the computer ‘

- execute the steps of:

generatmg a state tra.nsmon table based on a matchmg condmon
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15 state vvlthout proceedl ng to read t he |nput . C

character, to generate a state transition table, and

~ making .a transition based on the state transition
"table generated wth the statetran5|t|ontable
generator 20 25 67 '

e described in a regulal‘ expresmon» and

10

ma.kmg a tran&tlon accerdmg toa state tranmtmn table generated

.w1th a state transmon table generator, :

if no next- transmon destmatmn wzth respect to a cuxrent state-

'and-mput character tuple emsts in the state transition table generated

based on the matchmg condxtwn making a tranmhon back to. its mmal o

_state without proceeding to read the mput character

17. A string matchmg program for matchmg a stnng by contm]hng a

) ‘computer, wherein the pregram ma.kes the oemputer exeeute the steps of:

generatmg a state transition table hased ona matchmg oondmon '

- described in a regular- expression, and if no next-tran_sl_twn-st'_ate _mth :
- respecttoa current-e‘tate and input-character tuplee:ﬁists ixi'e state

‘transition table generated based on the matchmg cendztlon, determmmg an

- 'exclusmn character based on wh:ch a transmon is made to a predetermmed

.16

20

25

state without proceedmg to read the mput character tu generate a state

,_ transition table; and

making a transmon based on: the state transxtaon table generated |

w1th the state transmon table generator
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