
DESCRIPTION  STRING MATCHING SYSTEM AND PROGRAM
THEREFOR TECHNICAL FIELD  [0001] 5 The present
invention relates to technologies for matching
characters in  a sentence with a pattern designated.
based on regular expressions.  BACKGROUND ART [0002]
In recent years, document digitization has been in
progress in a variety, 10 of fields, thus leading to
requests for a method of effectively searching
documents. A method of searching includes that of
matching characters in a  document with a pattern
designated based on regular expressions. The  regular
expressions, which are set~forth in, e.g., Non Patent
Document 1,  are notation that represents a class of
languages as referred to as regular 15 languages: It
is well known in the art that a string mitching
technique in  which the regular expressions are used
as search conditions is based on a,  DFA
(deterministic finite automaton). [0003]  The string
matching technique by the DFA is based upon a model of
a  20 state transition machine (an automaton) . 'The
state transition machine incorporates a state and a
state transition function. The state transition
functions is a function that determines the next state
with respect to a  current state and input characters.
In the string matching technique using  the DFA, the
state transition -machine reads input text on a
character by  25 character basis, and makes a
transition to the next state obtained by  1  



applying the state transition function to a
current-state and input- characters tuple. This method
allows matching to be performed by scanning  the text
only once without backtracking, thereby enabling
high-speed string  matching to be performed. When
matching based on a plurality of conditions 5 is
performed, a finite automaton (Moore machine) with
output is also  employed such that the DFA is expanded
and the output is defined for each  state in order to
distinguish conditions under which matching has
successfully been performed. [0004]  10 While a DFA
state transition function is determined by a regular
expression that is to be a matching condition,, there
has been a procedure that temporarily converts regular
expression into an NFA(nondeterministic  finite
automaton)and then the NFA, in turn, into the DFA,
which is well  known and set forth in, e.g.,
Non-Patent Document 1. The string matching 15
technique by the DFA has a feature that provides high
speed processing,  which, in contrast; has raised a
drawback in that a state transition table for
achieving the DFA state transition function tends to
be enormous. [0005]  A matching condition shown in
Fig.52, which is disclosed in Patent  20 Document 3,
is taken as an examples Shown in Fig. 53 are, in a
finite automaton with conventional output, a failed
function and a state transition  table that are
generated from the matching condition shown in Fig.
52. In  this way, the state transition table that
retains 90 different tuples with  respect to the state
number of 18 and five character kinds, needs to be 25
generated. 2 



[0006)  As a method to solve such problem, Patent
Document 1 and Patent Document 2 illustrate a method
of reducing memory capacity in the state  transition
table, by removing, after converting into the DFA the
state 5 transition table based upon the AC(Aho
Corasick) technique, from the state  transition table
the transition operations to an initial state and its
next  state. The string matching techniques shown in
Patent Document 1 and  Patent Document 2, however does
not permit a general regular expression  to be a
matching. target because of the matching target being
limited to fixed  10 string keywords: [0007]  By
defining the failed function in the DFA, Patent
Document 3 also  indicates a method of reducing the
state transition table. The method shown  in Patent
Document 3 may in some cases result in another failure
of 15 transition in a state in which the transition
has been once made by the  failed function-in other
words, transition failure could in some situations
chain react. In such a case, a problem has been that
there is a need for  references to be repeatedly made
to the failed function, thus resulting in the
matching speed being reduced. 20 [0008] The matching
condition shown in Fig. 52, which is disclosed in
Patent  Document 3, is taken an example. Shown in Fig
54 are the failed  function and the state transition
table that are generated from the matching  condition
in Fig 52, which is disclosed in Patent Document 3. 25
[0009] 3 



A case where the matching condition is that shown in
Fig. 52 and an  input string consists of "aaca," is
taken as an example: [0010]  The method disclosed in
Patent Document 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' column of the input character "a" in the line
of  State1 in the state transition table. Then, a
third character "d' is read, in a  similar fashion;
-the state making a transition from State 3 to, State
6. Then,,  reading the third character "d' results in
the state making a transition from  10 State 6 to
State 10. Since, when a fourth character "1' appears
next, however, there exists no transition destination
corresponding to the  character "a," the state first
makes a transition to State! 5 that is: the
transition destination when the state fails in its
transition to State 10:  Furthermore; because State 5
has no transition destination corresponding to 15 the
character "a," the state makes a transition to State
2, which is the  transition destination when the state
fails in its transition to State 5.  However, the fact
that no transition destination corresponding to the
character "a" exists in State 2, either causes the
state to make a transition  to State 1, which is the
transition' destination when the state fails in its 20
transition to State 2. The fact that in State 1 there
exists State 3 of the  transition destination
corresponding to, the character "a" leads to the state
transitioning to State 3. As described above, four
times in total of references  to the state transition
table and their state transitions, are made with
respect to a fourth input character, which requires a
total of seven tines of  25 the state transition with
respect to four input character. In this manner; 4 



the method according to Patent Document a may in some
cases repeat ;  failures in state transitions and
requires making a reference to a transition
destination for every failure of the transition. A
problem has been that, for  this reason, the frequency
of references of the state transition table 5
increases, which results in matching performance,
degradation.  [()011] Non-Patent Document 1 E. J.
Hopcroft, D: J. Ullman, "Formal -Languages and their
Relation to  Automata," Addison Wesley (1969) 10
Patent Document ;1 Japanese Unexamined Patent
Application Publication. 2004-103035 s..  Patent
Document 2  Japanese Unexamined Patent Application
Publication 2004-103034 Patent Document 3 15 Japanese
Unexamined Patent Application Publication 2994926
DISCLOSURE OF THE INVENTION  [Problem that the
Invention is to Solve] [0012]  The present invention
is directed. to solve the above: described problem  20
and an object is to reduce memory capacity needed to
store a state transition table with respect to string
matching in which regular expressions are used  as the
matching conditions. [0013] Another object is that a
reference, count of the state transition due to a  25
transition failure is, limited to two or less per
character;and. performance 5 



degradation due to repeated transition failures is
prevented, thus enabling  highspeed string matching to
be performed., (Means for Solving the Problem]  [0014)
5 A string matching system associated with the
present, invention  comprises a state transition table
generator that generates a state  transition table
based on matching conditions described in regular
expressions, as well as an automaton makes a
transition according to the  state transition table
generated by the state transition table generator; if
no 10 next transition destination with respect to a
current state and input- characters tuple. exists in
the state transition table generated: based on. the
matching conditions, the automaton makes a transition
back to its initial  state without proceeding to read
the input characters.   [Effects of the Invention]  15
[0015] A string matching system associated with the
present invention  comprises a state transition table
generator that generates a state  transition table
based on matching conditions described in regular
expressions, as well as an automaton that makes a
transition according to 20 the state transition table
generated by the state transition table-generator;  if
no next transition destination with respect to a
current state and input- characters tuple exists in
the state transition table, generated based. on the
matching conditions, memory capacity needed to store
the state transition '  table can be reduced in such'
a way =that the automaton makes. a transition 25 back
to its initial state without proceeding to read the
input characters.  6 



BRIEF DESCRIPTION OF DRAWINGS.  [0016] Fig. 1 is an
;explanatory diagram illustrating a configuration of a
string  matching system; 5 Fig. 2 is an explanatory
diagram illustrating a configuration of  matching
conditions 2, Fig. 3 is an explanatory view
illustrating a configuration of a condition  equation
17; Fig. 4 is an explanatory diagram illustrating a
configuration of a state transition table; generator
3; Fig. 5. is an 10 explanatory diagram illustrating a
configuration of a state transition table  storage 4;
Fig. 6 is an explanatory diagram illustrating a
configuration of an  output table storage 5; i , Fig:
7 is an explanatory diagram illustrating a
configuration of a matching result 10; Fig. 8 is a
flowchart illustrating 15 the -operation of the.
string matching system; Fig. 9 is a flowchart
illustrating a compile operation of the -matching,
conditions Fig. 101 is a flowchart illustrating a
procedure. for adding a  failed transition to an
initial state Fig. 11 is a, flowchart illustrating a
procedure for adding the failed 20 transition to the
initial state (if there exists no transition
destination from  the initial state based on Oany);
Fig. 12 is a flowchart illustrating aprocedure for
adding the failed  transition to the initial state (if
there exists a transition destination from  the
initial state based. on Oany}; 25 Fig. 13 is a
flowchart illustrating a procedure for removing a  7 



nondeterministic transition; Fig. 14 is a flowchart
illustrating a procedure for initializing a state set;
Fig. 15 is a flowchart illustrating a procedure for
removing the  nondeterministic transition associated
with E 5 Fig. 16 is a flowchart illustrating a
procedure for removing the  nondeterministic
transition associated with Oother; Fig. 17 is a
flowchart illustrating a procedure Sr generating a new
state; Fig. 18 is a flowchart illustrating a procedure
for correcting a state'  10 transition based on
sorb,,; Fig. 19 is a flowchart illustrating a
procedure for removing an unused  state; Fig. 20 is a
flowchart illustrating a,procedure for removing a
redundant  state; 15 Fig. 21 is a flowchart
illustrating a procedure for removing a redundant
state transition; Fig. 22 is a flowchart illustrating
a procedure for  generating a state transition :table
and an output table; Fig : 23 is a  flowchart
illustrating a procedure for matching an input
document; Fig.  24 is a state diagram for explaining
replacement of a rnetacharacter ""; 20 Fig. 25 is a
state diagram for explaining replacement of a
metacharacter " "; Fig. 26 is a state diagram for
explaining an NFA including E transitions  to the
initial state; Fig. 27 is a state diagram for
explaining omission of the E transitions;  25 Fig. 28
is a state diagram for explaining a case where the
failed 8 



transition needs to be added; Fig. 29 is a state
diagram for explaining addition of the failed
transition Fig. 30 is a state diagram for-explaining a
case where there exists a  5 transition from the
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
initial state based on Qany ;  Fig. 32 is a state
diagram for explaining removal of a nondereministic 10
transition (before removal); Fig. 33 is a state
diagram for explaining the removal of the
nondereministic transition (after removal); Fig. 34 is
a state diagram for explaining removal of another
nondereministic transition (before removal); 15 Fig.
35 is a state diagram for explaining the. removal of
another  ~nondereministic transition (after removal);
Fig: 36 is: a state diagram for explaining removal of
still another  nondereministic transition (before
removal); Fig: 37 is a state diagram for explaining
the removal of still another  20 nondereministic
transition (after removal); Fig. 38 is a state diagram
for explaining removal, of yet another
nondereministic transition (before removal), Fig. 39
is a state diagram for explaining the removal of yet
another  nondereministic transition (after removal) 25
Fig. 40 is a state diagram for explaining removal of
yet still another  9 



nondereministic transition (before removal) Fig. 41 is
a state diagram for explaining the removal of yet
still another  nondereministic transition (after
removal); Fig. 42 is a state diagram for explaining
removal of the redundant state  5 transition; Fig. 43
is a state diagram for explaining merging of redundant
states;  Fig. 44 is an explanatory diagram
illustrating a configuration of a  matching condition;
Fig. 45 is an explanatory diagram illustrating a
configuration of a state transition table Figs 46 is
an explanatory 10 diagram illustrating an output
table; Fig. 47 is an explanatory diagram illustrating
an operation example;  Fig. 48 is an explanatory
diagram illustrating a configuration of the  matching
condition; Fig. 49 is an explanatory diagram
illustrating a  configuration of the state transition
table, 15 Fig. 50 is an explanatory diagram
illustrating configuration of the  output table Fig.
51 is an. explanatory diagram illustrating another
operation  example; 01 Fig. 52 shows a` matching
condition; as disclosed in Patent Document 3;  20 Fig.
53 is a conventional state transition table with
output according to  Patent Document, 3; and Fig. 54
is a conventional state transition table and output
table  according to Patent Document 3. [Reference
Numerals]  25. [0017] 10 



1 String matching system 2 Matching conditions 3 State
transition table. generator 4 State transition table
storage  5 Output table storage 6 Input document  7
Input character: reader 8 SDFA automaton  5 9 State
storage 10; Maitching result 11 State transitions 12
Output descriptions  13 Current. state 14 Input
characters 15 Next state 16 Condition Lumber; 17
Condition equation 18 Condition description  10 21
State transition table generation control 22 NFA state
set 23 NFA state transition set 24 NFA state
description set  26 State set 26 State transition set
27 Output description set 31 Hash value calculator 32
Hash value State transition hash pointer  15 34 State
transition -hash: chain 35 State transition hash table
36 Comparator Al Condition number; index 42 Condition
number chain BEST MODE FOR CARRYING OUT THE INVENTION
20 [0018] Embodiment 1. Fig, 1 is an explanatory
diagram illustrating a configuration of a string
matching system  [0019] 25 Referring to Fig. 1, a
string matching system 1, which is a system in the  11
present invention for matching a string against a
regular expression,  



delivers output as a matching result 10, as to whether
or not some satisfying  matching conditions 2 are
contained in an input document 6. The matching
conditions 2 describe string matching conditions,
being inputted-to the 5 string matching system 1. A
state transition generator 3 generates from the
matching conditions 2 state transitions 11 and output
descriptions 12,  delivering them to a state
transition table storage 4 and, an output table
storage 5, respectively. The. state transition storage
retains a state- transition-11 tuple. The output table
storage 5 retains the output 10 descriptions 12. The
input document 6 is a ,target document that is to be
matched. An, input character reader 7 extracts
characters one by one,  contained in the input
document 6, sending them as input characters 14, to
an SDFA automaton 8. The SDFA automaton 8 stores a
current state 13  into a state memory 9 receiving-
input characters 14 from the input 15 character reader
7. By making references to the, state transition table
storage 4 and the output- table storage 5, the
automaton 8 renews the  current state 13 stored in the
state memory 9 and outputs the matching  result 10.
The state memory 9 stores a state retained inside the
SDFA  automan 8. Reference Numeral 10 shows the
matching result. Reference 20 Numeral 11 is the state
transition, being a current state 13, input
characters 14 and next state 15 tuple. Reference
Numeral 12, which is the  output description, is a
current state 13 and condition number 16 tuple.
Reference Numeral 13 is the current state; Reference
Numeral, 14, the input  characters; Reference Numeral
15, the next state; and Reference Numeral  25 16, a
condition number: 12 [0020]  



Fig. 2 is an explanatory diagram illustrating a
configuration of the  matching conditions 2 in the
present invention. Referring to the figure, a
condition equation 17 is an individual condition
configuring the matching  5 conditions 2, in which one
or a plurality of such condition equations 17 is
contained. [0021]  Fig. 3 is a diagram illustrating a.
configuration of the-condition equation  17 in the
present invention: The condition equation17 is
configured by the 10 condition number 16, which is a
number for uniquely, distinguishing the  condition
equation, and a condition description 18, which
denotes matching  conditions described in the regular
expression. [0022]  Fig.4 is a diagram iIlustrating a
configuration of a matching condition 3  15 in the
present invention. Referring to the figurer a state
transition table generation control 21 controls an
operational procedure for generating a  state
transition generation table. An NFA state set 22, an
NFA state  transition set 23, an NFA output
description set 24, a state set 25, an output
transition set 26, and a state description set 27 are
data to which the state 20 transition table generation
control 21 makes reference.  [0023] Fig. 6 is a
diagram-illustrating an example of a configuration of
the  state transition table storage 4 in the present
invention. Referring to the  figure, Reference Numeral
31 represents a hash value calculator, which 25
computes a hash value 32 from the current state 13 and
the input  13 characters 14. The hash value 32 is a
value computed using the hash value  



calculator 31. A state transition hash pointer 33 is 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
pointer 33 and the state  transition hash chain 34. A
comparator 36 compares a tuple of a current  state 13a
and input characters14a inputted from outside, ,with
that of a  current state 13b ,and input characters 14b
stored in the state transition  10 hash table 35, to
output the next state. [0024]  Fig. 6 is a diagram
illustrating a. configuration of the output table ,
storage 5 in the present invention. A condition number
index 41 stores a  plurality of pointers for a
condition number chain. The condition number 15 chain
42, is a pointer and condition number 16 tuple
therefor.  [0025] Fig. 7 is a diagram illustrating an
example of the matching, result 10 in  the present
invention. The : matching. result 10 includes the
condition  number 16 by which they input document 6
has been successfully matched.  20 [0026] Prior to
explanations on the system's operation of the present
invention,  terms and symbols that are employed-in the
following explanation will be  described next.  [0027]
25 As is set forth in, Non-Patent Document 1 and the
like, a well-known  14 deterministic finite automaton
with output is given by a tuple of (Q. E, d, 8,  



A, q), where Q is a state set; E is an input alphabet,
including an empty  character e; d is an output
alphabet; S, a transition function (QxE->Q); y, an
output function (Q->d); and qo, an initial state. 5
[0028] The SDFA automaton 8 of the present invention
is given by a tuple of  (Qs, Es, ds, Ss, ys, qo).
[0029]  Here; Qs is the state set 25, corresponding to
the state set Q of the  10 conventional deterministic
finite automaton with output: [0030]  Symbol ds, which
is an output alphabet, is a set of sets of such
condition  numbers 16 in the embodiment. [0031]  15
Symbol Ss is a state transition function to be
implemented by the state  transition table storage 4,
when the current state 13 is qs, and the input
characters 14 are Os, the next state 15 turnout to be
qd, which is  represented as Ss(qs, OB)=qd
hereinafter. [0032]  20 Symbol qo is the initial
state, which means the same as that in the well
known deterministic finite automaton with output:
[0033]  "Symbol Es is an extended input alphabet in
which in arbitrary  character Oany and an exclusion
character Oother are added to the input 25 alphabet E
in the conventional finite automaton with output, that
is, it is represented that Es=Eu{Oany,Oother}.  [0034]



Also, when Ss(qs, Os)=qd, if the state transitions 11
is assigned as t, then,  it is represented that
t=trans(qs, 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 transition set 26,
being represented as T. Moreover, for the state
transition t=trans(qs, qd, Os), qs, qd, and Os are
referred to as the start point, 10 the end point, and
a transition character, respectively. Furthermore, a
function to give the start point of the state
transition t is referred to as  Source; the endpoint,
Destination; and the transition character, Char: Each
of them is represented as qs=Source(t),
qd=Destination(t) and Os=Char(t),  and given that,
when ys(qs)=r, the output description18 is d, it is 15
represented as d=desc(qs, r).  [0036] A set of such
output descriptions 12 in which with respect to the
current  state 13 an output alphabet r is not empty,
is referred to as the output  description set 27,
being represented as D. With respect to the output 20
description d=desc(qs, r), qs is referred to as an
output state; r, an output  result. Furthermore, a
function giving the output state of the output
description d is referred to as State and a function
giving the output result,  as Result, and each of them
is represented as qs=State(d) and r=Result(d),
respectively. 25 [0037] 16 An NFA, which is generated
in the process of generating the SDFA  automaton 8 in
the present invention, is represented by, a tuple of
(Q NFA), Es,  



As, Ss(NFA), ys(NFA), q0(NFA)).  [0038] 5 Mere;
Q(NFA)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 from a DFA
state, the NFA state is represented as  q(NFA), and
the initial state of the NFA, as q0(NFA). 10 [0039]
Symbol Ss(NFA), which is a state transition function
of the NFA, is a  function of a set in a case where
with respect to the input characters 14 the  automaton
makes a transition to a next state based on Os when
the current  NFA state 13 is q(NFA). 15 [0040]. Symbol
ys(NFA) is an output function of the NFA, and when the
current   NFA state 13 is q(NFA), the fact that the
output alphabet turns out to be r=As  is represented
as ys(NFA)(q(NFA))=r [0041]  20 Symbol As is a set of
such condition numbers 16, and Es is the extended
input alphabet, both of which mean the same as those
in the SDFA  automaton of the present invention.
[0042] Regarding the NFA state, its transition is
definedas follows when the  25 NFA state qd(NFA) has a
relationship of qd(NFA)=S(qs(NFA), Os), the NFA state
17. transition 32 is represented as
t(NFA)=trans(qs(NFA), qd(NFA), Os). A set of the  NFA
state transition is referred to as an NFA state
transition set, being  



represented as T(NFA). Similarly, with respect to the
state transition t(NFA) =trans(qs(NFA), qd(NFA), Os),
qs(NFA) is referred to as the start point; qd(NFA),
the  5 end point; and Os, the transition character.
Furthermore, a function giving  the start point of the
state transition t(NFA) is referred to as Source; the
end  point, as Destination; and the transition
character, as Char. Each of them is  represented as
qs(NFA)=Source(t), qd(NFA)=Destination(t), and
Os(NFA)=Char(t)  [0043]  10 An NFA state qs(NFA) and
output alphabet r tuple is referred to as NFA  output
description. Given that, when ys(qs(NFA))=r, the
output description 34  is assigned as d(NFA), which is
represented as d(NFA)=desc(qs(NFA), r). [0044]  A set
of the output descriptions in which an output alphabet
p is not  15 empty with respect to the NFA state 13,
is referred to as the NFA output description set 24,
being represented as D(NFA). For the output
description  d(NFA)=desc(q(NFA), r), q(NFA) is
referred to as an output stater r, an output  result.
Furthermore, a function giving the output state of the
output  description d is referred to as State and a
function giving the output result, 20 as Result and
each of them is represented, as q(NFA)=State(d(NFA))
and  r(NFA)=Result(d(NFA)). [0045]  The description
thus far completes explanations of the terms and
symbols. In the next place; an operationwill be
described. 25 [0046] 18 Fig. 8 shows the operation of
the string matching system 1 of the  present
invention. 



[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
compiling a matching condition(Step  51). [0048]  10
Subsequently, the string matching system1 receives the
input document  6, and by using the input character
reader 7 and the SDFA automaton 8,  sequentially
executes procedures for outputting the matching result
10  while making reference the, state transitions 11
and the output  descriptions 12 (Step S52). 15 [0049]
It should be noted that although in the embodiment; a
procedure of  "match input document" is to be
performed once per procedure of "compile  matching
conditions," matching the input document may be
performed with  respect to a plurality of input
documents using the state transitions 11, and 20 the
output descriptions 12, generated by: the onetime
procedure of "compile  matching conditions." [0050]
Next, with reference to Fig: 9, the procedure "compile
matching  conditions" will be described. 25 [0051] 19
To begin with, based upon a procedure of "generate NFA
including e  transitions," the NFAincluding s
transitions are generated from a regular  



expression (Step S101). [0052]  5 Subsequently, by a
procedure of "remove a transitions" the s transitions
contained in the NFA (empty character transition) are
removed (Step 5102).  [0053} Further subsequently, by
a procedure of "add transition to initial state"  the
transition is added to the initial state during
matching failure (Step 10 S103).  [0054] Still further
subsequently, by a procedure of "remove
nondeterministic  transition," the nondeterministic
transition is removed Step 5.104). [0055]  15 Still
further subsequently, by a procedure of "remove unused
state," states that have been unnecessary in the
prodedures described thus far are eliminated (Step
S105).  [0056] Still further subsequently, by a
procedure of "reduce number of states,"  20 redundant
states and redundant state transitions are deleted
(Step S106).  [0057] Still further subsequently, by a
procedure of "generate state transition  table and
output table," the state transition table and the
output table are  generated from the state set (Step
S107). 25 [0058] 20 The procedures described above
allow the procedure "compile matching  conditions" to
be executed. 



[0059]  For the procedure of "generate NFA including e
transitions," described  5 in Step S101, a well-known
procedure indicated in Non-Patent Document 1  and the
like, can be used. [0060]  In this regard; however, as
illustrated in Fig. 24, a metacharacter"."
representing an arbitrary character contained in a
regular expression is 10 replaced with Oany. Here, in
Figs. 24 through 31, a state q(NFA) is represented
simply as q. [0061]  Also, a procedure is added in
which as illustrated in Fig. 25, a  metacharacter """
representing a character other than a particular 15
character set, contained in the regular expression; is
replaced with Oother,  and furthermore, a state
transition from an applicable state to the initial
state q(NFA) is added. [0062]  The procedure of
"remove a transitions" shown in Step S102 is also 20
implemented by replacing the e transitions (empty
character transitions)  with a transition destination
set-by using a well known procedure  indicated in Non
Patent Document 1 and the like. [0063] Next,
referring: to Fig. 10 a procedure of "add transition
to initial state"  25 in Step S103 will be described.
21 [0064]  First, if there exists no transition based
on Oany, from the NFA initial 



state q0(NFA) generated by Step S102, then process
flow proceeds to Step  S202. In cases other than that
described here, process flow proceeds to Step  5 S203
(Step S201). [0065]  The procedure of "add failed
transition to initial state (if there exists no
transition- from the NFA initial state based on ad" is
executed, process  flow -terminating (Step
S202).[0066] 10 If, in Step S201, there exists the
transition from the NFA initial state  based on Oany,
q0(NFA), then the procedure of "add failed transition
to initial,  state (if there exists the transition
based on Oany)" is executed, process flow  terminating
(Step 5202)x. [0067]  15 It should be noted that
although, in this embodiment, the-process is
determined based on whether or not there exists a
transition from the NFA  initial state q0(NFA) based
on Oany, the process in Step S202 can be  substituted
by that in Step 203. When the process in Step S202 is
compared  with that in Step S203, the forner's
applicable range is limited to a case 20 where "there
exists the transition from the initial state, based on
Oany,"  however, the former's process can further
reduce the number of state  transitions. The fact that
a transition from the initial state based on Oany
exists suggests that the head of a regular expression
turning out to be  matching conditions is designated
with the arbitrary character" however, 25 practically,
there are few cases where such designation is made.
For this  22 reason, the number of state transitions
can in most cases be reduced by  applying the process
of Step S202. 



[0068)  The procedures described above allow the
procedure of "add failed  5 transition to initial
state" to be executed. [0069)  In the next place, the
procedure of "add failed transition to initial state
(if there exists no, transition destination from the
initial state based on vim'  in Step S202 willbe
described. 10 [00701 Typically an NFA or a DFA that
performs a continuous string  matching can implement,
by adding e transitions from all states to the
initial state, string matching front an arbitrary
character position. Fig. 26  shows an example of
adding the e transitions to the NFA corresponding to a
15 regular expression (alblc(dle))f: In the SDFA
automaton of the present  invention, when a transition
fails at a given state, the automaton returns to  the
initial state q0 without proceeding to read input
characters and the  state transition is made again,
which therefore allows omission of the e  transitions
to the initial state q0. Namely, configuring the NFA
as shown in 20 Fig. 27 will suffice, which can
extensively reduce the total number of state
transitions. However, when the automaton can make a
transition from the  initial state q0(NFA) to a state
q1(NFA) based on the transition character O, if  there
exists a transition from a state q(NFA) based on the
transition character  O, or if any transition
character O whose start point is the state q(NFA) is
Oany, 25 the automaton additionally makes a transition
from the state q(NFA) to the  23 state q1(NFA) based
on the transition character O because a transition can
be  made to q1(NFA) based on the transition character
O also when a transition  



based on the transition character O has been
successful. Fig. 28 shows an  example of a case of a
regular expression (alblc(dle))f. Because the example
5 in Fig. 28 shows that the automaton can make a
transition from the initial  state q0(NFA) to the
state q1(NFA) based on a transition character a, and
because there exists a transition from a state q3(NFA)
based on the transition  character a, the automaton
additionally make a transition from the initial  state
q3(NFA) to the state q1(NFA) based on the transition
character a as shown 10 in. Fig. 29. Although the
transition from the state q3(NFA) based on the
transition character a turn out to be a
nondeterministic state transition, the
nondeterministic state transition is eventually
deleted through the  subsequent procedure 9 of "remove
nondeterministic transition". The  procedures of "add
failed transition to initial state (if there exists no
15 transition destination from the initial state based
on Oany)," and of "add  failed transition to initial
state (if there exists a transition destination from
the initial state based on Oany)" aim to execute this
process. [0071]  With reference to Fig. 11, the
procedure of "add failed transition to  20 initial
state (if there exists no transition destination from
the initial state based on Oany)" in Step S202 will be
described.  [0072] To begin with, t0(NFA)is assigned
as a first state transition whose start  point is the
initial state q0(NFA) of the NFA generated by Step
S102; with-, 25 process flow: proceeding to Step 5302
(Step,S301):  24 [0073]  After all the state
transitions t0(NFA) each of whose start point is the 



NFA initial state q0(NFA) have been terminated,
process flow terminates the  procedures. In cases
other than that described here, process flow proceeds
to  5 Step 303 (Step S302). [0074]  Symbol O is
assigned as Char(t0(NFA)), with process flow
proceeding to  Step. S304 (Step S303) [0075]  10
Symbol q(NFA) is assigned as the initial NFA state
contained in an NFA  state set Q(NFA), with process
flow proceeding to Step S305 (Step S304).  [0076]
After all of the NFA state q(NFA) contained in the NFA
state set Q(NFA)  have been processed, process flow
proceeds to Step S313. In cases other than  15 that
described here, process flow proceeds to Step S306
(Step S305). [0077]  If the NFA state q(NFA) is the
initial state q0(NFA) process flow proceeds  to Step
S306. In cases other than that described herb, process
flow proceeds  to Step S307 (Step S306).  20 [0078]
Symbol t(NFA) is assigned as a first NFA state
transition whose start  point is q(NFA), with process
flow proceeding to Step S308 (Step S307).  [0079]
After all the NFA state transitions t(NFA) each of
whose start point is 25 q(NFA) have been terminated,
process flow proceeds to Step S312. In cases  25 other
than that described here, process flow proceeds to
Step S309 (Step  S308). 



[0080]  If either of the conditions-Char(to(NFA))=O,
and Char(t(NFA))=Oany-- 5 holds, then process flow
proceeds to Step 3312. If neither of the conditions
holds, then, process flow proceeds to Step S311 (Step
S309). [0081]  An NFA state transition trans(q(NFA),
Destination(t0(NFA)), O), unless  contained in the NFA
state transition set T(NFA), is added to T, with
process 10 flow proceeding to Step S311 (Step S310)
[0082] Symbol t(NFA) is assigned as the next NFA state
transition whose start  point is the NFA state q(NFA)
with process flow proceeding to Step S305   (Step
S311). 15 [0083] If, in Step S306, the NFA state
q(NFA) is the NFA initial state q0(NFA), or,  if, in
Step S308, all the NFA state transitions t(NFA) each
of whose start point  is q(NFA) are processed, then
the NFA state q(NFA) is assigned as the next  NFA
state contained in the NFA state set Q(NFA) with
process flow 20 proceeding to Step S305 (Step S312).
[0084] If, in Step S305, processing all the NFA states
q(NFA) is terminated,  then t0(NFA) is assigned as the
next NFA state transition whose start point is  the
NFA initial state q0(NFA) with process flow proceeding
to Step S302 (Step  25 S313). 26 [0085]  The
procedures described  above permits execution of the
procedures of 



"add failed transition to initial state (if there
exists no transition destination  from the initial
state dam)." 5 [0086] Next, a procedure of "add failed
transition to initial state in Step S203  (if there
exists a transition destination from the initial state
based on Oany)"  will be described. An object of the
procedure is the same is that in Step  S202. If, as
the regular expression (alblc(dle))f shown in Fig. 30,
there exits 10 the transition destination q1(NFA) from
the initial state based on Oany, a  transition to
q1(NFA) can also be made even when transitions with
respect to  all the states are successfully made.
Consequently, as shows in Fig. 31,  transitions to
q1(NFA) are added to all the NFA states q(NFA) except
the NFA  initial state q0(NFA) and all, the transition
characters O. 15 [0087]. With reference to Fig. 12,
the procedure of "add failed transition to  initial
state (if there exists a transition destination from
the initial state:  based on Oany)" in Step 208 will
be described. [0088]  20 First, t0(NFA) assigned as
the first NFA state transition whose start  point is
the initial state q0(NFA) of the NFA generated by Step
S102, process  flow then proceeding to Step S352 (Step
S351) [0089] If all the state transitions t0(NFA) each
of whose start point is the NFA   25 initial state
q0(NFA) )have been terminated, then process flow
terminates the  27 procedure. In cases other than that
described here, process flow proceeds to  Step S353
(Step S352). 



[0090]  Symbol O is assigned as Char(t0(NFA)), and
process flow proceeds to Step  5 S354 (Step S353).
(0091]  Symbol q(NFA) is assigned as the initial NFA
state contained in the NFA  state set Q(NFA), and
process flow proceeds to Step S355 (Step S354). (0092]
10 If all the initial NFA states q(NFA) contained in
the NFA state set Q(NFA)  have been processed, then
process flow proceeds to Step 5859. In cases other
than that described here, Process -flow proceeds .to
Step 8356 (Step 5356):  [0093] If the NFA state q(NFA)
the initial state q0(NFA) then process flow 15
proceeds to Step 5356. In cases other than that
described here, process flow  proceeds to Step 357
(Step S306). (0094]  The NFA state transition
trans(q(NFA), Destination(t0(NFA)), O), unless
contained in the NFA state transition set T(NFA), is
added to T, process flow 20 then proceeding to Step
S355 (Step S358).  [0095] If, in Step S355, processing
all the NFA states q(NFA) have been  processed, then
t0(NFA) is assigned as the next NFA state transition
whose  start point is the NFA initial state q0(NFA)
with process flow proceeding to 25 Step S352 (Step
S359). 28 [0096]  The procedure described above allows
execution of the procedure of "add 



failed transition to the initial state (if there
exists no transition destination  from the initial
state based on Oany)." 5 [0097] Next, a procedure of
"remove nondeterministic transition" in Step S104
will be described. The procedure eliminates the
nondeterministic transition  contained in the NFA, to
generate the deterministic transition, one of which
examples is illustrated in Fig. 32. There exist q1 and
q2 to which the 10 automaton makes a transition from a
state qsource based on the transition  character a.
Namely, because of being nondeterministic, the states
of  transition destinations are merged into a single
state; stated another way,  as shown in Fig. 33, the
state transition is made to a sum set qn=q1 U q2 of
the NFA state sets q1 and q2 at the transition
destinations. While this 15 procedure is basically the
same as the DFA generation procedure shown in
Non-Patent Document 1 and the like, in the embodiment,
as shown in Fig.  34, with respect to a case including
the state transition q8 the arbitrary  character Oany,
and the state transition end point based on the
transition  character a, a transition to the state q1
based on the exclusion character 20 Oother as well as
a state transition to the state qn=q1uqa associated
with the  nondeterministic transition character a,, is
further generated (Fig 35).  (0098) With reference to
Fig 13, the procedure of` "remove nondeterministic
transition" in Step S104 will be described. This
procedure and a procedure of  25 "remove
nondeterministic transition associated with Oother"
use a variable 29 Retry. The variable Retzy can take
either value of TRUE or FALSE.  [00991 



First, a procedure of "initialize state set" is
executed, 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, a
procedure of "remove nondeterministic  10 transition.
associated with E' is performed, andprocess flow
proceeds to Step  S404 (Step S403)1. [01021  Still
further subsequently, a procedure of "remove
nondeterministic   transition associated with cry" is
performed, process flow then proceeding  15 to Step
S405 (Step 5404). [0103]  If the variable Retry is
TRUE, then process flow proceeds to Step  S403. If it
is FALSE, then process flow terminates (Step S405).
[0104]  20 The procedure. described thus far allows
the procedure "remove  nondeterministic transition" to
be executed. [0105]  Next, the procedure off
"initialize state set" in Step S104 will be
described. The procedure is directed to initialize a
necessary state set in 25 order to generate a DFA
state, and its object is to generate a DFA state  30
{q(NFA)} and its associated state transition, with
respect to all the NFA  states q(NFA). 



[0106]  With reference to Fig. 14, the procedure of
"initialize state set" in Step  5 S104 will be
described. [0107]  First, the state set Q is
initialized to empty, with process flow,  proceeding
to Step S502 (Step S501). [0108].  10 Symbol q(NFA) is
assigned as the initial NFA state contained in an NFA
state set (Q(NFA)), with process flow proceeding to
Step S502 (Step S502).  [0109] If all the initial NFA
states q(NFA) contained in the NFA state set Q(NFA)
are processed, then process flow proceeds to Step
S506. In cases other than  15 that described here,
process flow proceeds to Step S504 (Step S503) [0110]
The NFA state set (i.e., the DFA state) {q(NFA)} is
added to the state set  Q, and process flow proceeds
to Step S505 (Step S504) [0111]  20 q(NFA) is assigned
as the next NFA state contained in the NFA state set
Q(NFA) process: flow then proceeding to Step 8603
(Step S505)  [0112]  If in Step 5503, all the NFA
states q(NFA) contained in the NFA state set  Q(NFA)
are processed, then process flow proceeds to Step
S507(Step S506). 25 [0113] 31 Next, t(NFA) is assigned
as a first NFA state contained, in the NFA state  set
T(NFA), process flow then proceeding to Step 5508
(Step 5507). 



[0114]  If all the NFA state transitions t(NFA)
contained in the NFA state 5 transition set T(NFA) are
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))}, {Destination(t(NFA))}, and
{Char(t(NFA))}  10 are added, to the state transition`
set T, process flow proceeds, to. Step 5510  (Step
5509): [0116]  Symbol t(NFA) is assigned as the next
NFA state contained in the NFA  state set T(NFA),
process flow proceeds to Step S508 (Step S510). 15
[0117] If, in Step S508, all the NFA states t(NFA)
contained in the T(NFA) are  processed, then an output
description set D is made to be empty, with    process
flow proceeding to Step S512 (Step S511). [0118]  20
Next, d(NFA) is assigned as a first NFA state
contained in the NFA  output description eat D(NFA),
and process flow, pproceeds to Step 5508 (Step  5512).
[0119] If all the NFA output descriptions d(NFA)
contained in the NFA output   25 description set
D(NFA) are processed, then process: flow terminates.
In cases  32 other than that described here, process
flow proceeds to Step S509 (Step  5513). 



[0120]  desc({State(d(NFA))} and Result( (d(NFA))) are
added to the output 5 description set D, with process
flow proceeding to, Step S510 (Step 5514).  [0121]
Symbol d(NFA) is assigned as the next NFA output
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
far allow the procedure "initialize state  set" to be
executed. [0123]  Next, the procedure of "remove
nondeterministic transition associated  15 with E' in
Step 5403 will be described. As examples shown in Fig
32 and Fig: 34, if there exists a plurality of
transition destinations with respect to  one
transition character O=E, a transition destination
based on each   transition character O is uniquely
determined by replacing the plurality of  transition
destinations with a transition [destination] to a new
state, which  20 is an object of this procedure.
[0124]  With reference to Fig.15, the procedure of
"remove nondeterministic  transition associated with
E" in Step S403 will be described. This procedure
uses a variable Found. The variable Retry can take
either value of TRUE or  25 FALSE. 33 [0125]  In the
first place, Found is initialized to FALSE,
process-flow then 



proceeding to Step S602 (Step S601).  10126] 5 In the
next place, q is assigned as a first state transition
in the state set  Q, and process flow proceeds to Step
S603 (Step S602). [0127]  If all the states q in the
state set Q are processed, then process flow  proceeds
to Step 5616. In cases other than that described here,
process flow  10 proceeds to Step S604 (Step S603).
[0128]  Symbol O is assigned as a first letter among
the input alphabet E, with  process flow proceeding to
Step S605 (Step S604). [0129]  15 . If all the letters
O among the input alphabet E are processed, then
process flow proceeds to Step S610. In cases other
than that described here,  process flow proceeds to
Step S606 (Step S605). [0130]  Given that a start
point is assigned as q, if there exists a plurality of
20 such state transitions teach of whose transition
character is O; or if there exists a state transition
t whose transition character is O and a state
transition t whose transition character is oany-i.e.,
if a transition~based on  O is nondeterministic-then
process flow process to Step S607. In cases  other
than that described here, process flow proceeds to
Step S609 (Step 25 S606). 34 [0131]  A parameter q is
assigned as q and a parameter at, as a, to execute 



a procedure "generate new state," process flow then
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]  Symbol O
is assigned as a next letter among the input alphabet
E,  10 process flow proceeds to Step S605 (Step S609).
[0134]  If, in Step S605, all the letters among the
input alphabet E are  processed, t is assigned as a
first state transiition whose start point is a state
q, and process flow proceeds to Step S611 (Step S610).
15 [0135] If all the state transitions t each of whose
start point iwthe state q are  processed, then process
flow proceeds to Step S615. In cases other than that,
described here, process flow proceeds to Step S612
(Step S611). [0136]  20 If the transition character
Char(t) of t is Oany then process flow proceeds  to
Step S613. In cases other than that described here,
process flow proceeds  to Step S614 (Step. S612).
After the transition character of t is replaced with
Oother-i.e., by 25 replacing t with (Source (t),
Destination (t), Oother), process flow proceeds :to
35 Step S614 (Step S613).  [0138) Symbol t is assigned
as the next state transition whose start point is  



the state q, with process flow proceeding to Step S611
(Step S614). 5 [0139] If, in Step 5611, all the state
transitions,t each of whose start point is  the state
q are processed, then the state q is assigned as the
next state  transition in the state set Q, and process
flow proceeds to Step S603 (Step  5616). 10 [0140]
When, in Step 5603, all the states q in the state set
Q are processed,' if  the variable Found is TRUE, then
process flow proceeds to Step 5601. In  cases other
than that described here, process flow terminates
(Step S405).  [0141] 15 The procedures described thus
far allow the procedure "remove  nondeterministic
transition associated: with E" to be executed.  [0142)
Next, the procedure of "remove nondeterministic
transition associated  with Oother" in Step S404 will
be described. In this procedure, as shown In  20 Fig.
36, regarding the transition based on the transition
character aedw generated by "remove nondeterministic
transition associated with E," if  there exist state
transitions from the state quo aplurality of-the
states  qt and q2, then, as shown in Fig. 37,
nondeterministic transitions based on  the transition:
character Oother are, deleted by replacing the state
.transitions  25 with transitions to states of their
sum, set qn=q1uq2 36 [0143]  With reference to Fig.
16, the procedure of "remove nondeterministic.
transition associated with a'te' in Step S404 will be
described.: This  



procedure uses the variable ;Found. The variable Found
can take either 5 value of TRUE or FALSE, and this
procedure uses a variable Counter. The  variable
Counter can take an integer value of zero or more.
[01441,  First, FALSE is assigned as the variable
Found, and, process flow proceeds  to Step S702 (Step
5701). 10 [0145] Symbol q is assigned as, a first
state in the state set Q, process flow then
proceeding to Step S703 (Step 5702). 701  [0146] If
all the states q in: the state set Q are processed,
then process flow 15 proceeds to Step S714. In cases
other than that described here, process flow  proceeds
to Step S701 (Step S703). [0147]  Zero is assigned as
the variable Counter, and process flow proceeds to
Step S705 (Step S704). 20 [0148] Symbol, t is
assigned, as a first state transition whose start
point is q,  and process flow proceeds to Step S706
(Step S705). [0149]  If all of the state transitions t
each of whose start point is q are 25 processed, then
process flow proceeds to Step S710. In cases other
than that  37 described here,, process flow proceeds
to Step S707 (Step S706),  [0150] If the transition
character Char(t) of t is troths,, then process flow  



proceeds to Step 5707. In cases other than that
described here, process flow  5 proceeds to Step 5709
(Step 5707). [0151]  One is added to the variable
Counter, process flow then proceeding to  Step 5709
(Step 5708). [0152]  10 Symbol t is set to the next
state transition whose start point is q, with  process
flow proceeding to Step 5705 (Step 8709). [0153]  If
all the, state transitions teach of whose start point
is q are processed  then process flow proceeds to Step
5710. Incases other than that described  15 here
process flow proceeds , to: Step 8713 (Step 5710-'
[0154]  The parameter qsource is set to q, and Ot to
Oother and the procedure  "generate new state" is
called process flow then proceeding to Step S712
(Step S711). 20 [0155] The variable Found is set to
TRUE; and the variable Retry to TRUE;  then process
flow proceeds to Step S718 (Step S712). [0156]  Symbol
q is. assigned as the. next transition in the state
set Q with  25 process flow proceeding to Step
703(Step S713). 38 [0157]  When, in Step S703, all the
states q in the state set Q are processed, if the
variable Found is TRUE, then process flow proceeds to
Step $701. In  



cases other than that described: here, process flow
terminates (Step 5714).  5 [0158] The procedure
describe thus far allows the procedure "remove
nondeterministic transition associated with Oother" to
be executed.  [0159] Next, the procedure of "generate
new state" in Step 5607 and that in 10 Step S711 will
be described. The procedure is that by which
individual non- deterministic state transitions
associated with the transition character Ot  are
removed from the state qsource. [0160]  With reference
to Fig: 17, the procedures of "generate new state" in
Step  15 S607 and Step S711 will be described. In the
procedure of "generate new state, qsource and Ot are
assigned as parameters.  [0161] First, the state
qsource is assigned as the start point, to determine a
set of  states that can make a transition based on. Ot
and a sum set associated with  20 their NFA states is
then determined, which sum set is assigned as a state
qn. If the state qn is included in the state
transition set then process flow  proceeds to Step
S817. Increases other than that described here,
process flow  proceeds to Step S802 (Step S801)
[0162].  25 Next, the state qv is added to the state
set Q and; process ' flow proceeds  39 to Step S803
(Step 5802).  [0163], Symbol t is assigned as the
first state transition whose start point is the  



state qsource, process flow then proceeding 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. In cases other
than that  described here, process flow proceeds to
Step S805 (Step S804). [0165]  10 If Char(t)=Ot, or
Char(t)=Oany; then process flow proceeds to Step S806.
In cases other than that described here, process flow
proceeds to Step S816  (Step S805). [0166]  Symbol t1
is assigned as the first state transition whose start
point is  15 Destination(t), process flow then
proceeding to Step S807 (Step S806).  [0167] If all
the state transitions tj each of whose start point is
Destination(t) are processed, then process flow
proceeds to Step S812. iIn~cases other than  that
described here, process flow proceeds to Step 5808
(Step 5807). 20 [0168] Unless the state transition
trans(qn, Destination(t1), Char(t1))=T,. then  the
state transition trans(qn Destination(t1), Char(t1) is
added to T, process  flow then proceeding to Step S809
(Step S808). [0169]  25 If Char(t1)=Oother then
process flow proceeds to Step S810. In cases  40 other
than that described here, process flow proceeds to
Step S811 (Step  5809). [0170]  



The procedure "correct state transition based on some'
is called, and  5 process flow proceeds to Step S811,
when (qsource, qn, t1) are given as  parameters (Step
5810). [0171]  Symbol t1 is assigned as the next state
transition whose. start point is  Destination(t), and
process flow proceeds to Step 807 (Step 5811). 10
[0172] If, in Step: S607, all the state transitions t1
each of whose start  point is Destination(t) are
processed, then d is assigned as the first output
description whose output state is Destination(t)and
process flow proceeds  to Step S813 (Step S812).
[0173]  15 If all the output descriptions d each of
whose output descriptions is  Destination(t) are
processed, then process flow proceeds to Step S816. In
cases other than that described here, process, flow:
proceeds to Step S814  (Step S813). [0174]  20 Unless
the output description desc(qn, Result(d))=D, then
desc(qn  Result(d)) is added to D with process flow
proceeding to Step S815 (Step  S814). [0175] Symbol d
is assigned as the next output description whose
output state  25 is Destination(t), and process flow
proceeds to Step 813 (Step $816). 41 [0176]  Symbol t
is assigned as the next state transition whose start
point is qsource, process flow then proceeding to Step
S804 (Step S816).  



[0177) 5 Unless, in Step 5801, qn is contained in the
state transition set T, and  if, in Step 5804, all of
the state transitions teach of whose start point is
qsource 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
start point is qsource are  processed, then process
flow proceeds to Step S822. In cases .other than that
described here, process flow proceeds to Step S819
(Step S818). [0179]  If Char(t)=Ot, then process flow
proceeds to Step S820. In cases other  15 than that
described here, process flow proceeds to Step S821
(Step S819).  [0180] The state transition t is
eliminated from the state transition set T, with
process flow proceeding to Step S821 (Step S820):
[0181]  20 Symbol t is assigned as the next state
transition whose start point is  qsource, and process
flow proceeds to Step-818 (Step S821). [0182)  When,
in Step S818, all the state transitions teach of whose
start point  is q, are processed, unless thee state
transition trans(qsources, qn, Ot)=T, 25 then
trans(qsources, qn, Ot)=T is added to T, process flow
terminating (Step  42 S822.  [01831  The procedure
described thus far allows the procedure "generate new 



state" to be executed.  5 [01841, Next, a procedure of
"correct state transition based on ('other" . in Step
5811 will 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 q1 and q2 in a case where, as illustrated in
Fig. 38, state transitions 10 based on the transition.
character Oother is contained in the state transition
whose start point is the states q1 and q2 that are to
be merged into a single  state when nondeterministic
transitions are deleted. Merging the state q1  with
the state q2 results in a state shown;in Fig. 39, and
the end points  based on the state qn=q1uq2 and the
transition character b, turn out to be q3 15 uq5. In a
similar fashion, merging the state q1 with the state
q2 as shown in  Fig. 41 causesthe endpoints of
the-state transition based on the transition
characters b, c, and Oother to turn out to be q3uq8,
q4uq5, and q4uq6,  respectively. [0185]  20 With
reference to Fig. 18, the procedure of "correct state
transition  based on Oother" in Step S811 will be
described. This procedure uses  CharSet-a set of an
extended input alphabet O=Es. [0186]  First, Charset
is initialized to empty, with process flow proceeding
to  25 Step:S902(Step S901). 43 [0187]  Next, t is
assigned as a first state transition whose start point
is Source(tother) and process flow proceeds to Step
903 (Step S902):  



[01881 5 If all of the state transitions each of whose
start point is Source(tother)  are processed, then
process flow proceeds to Step S907. In cases other
than  that described here, ,process flow proceeds to
Step 8904 (Step.S903). [0189]  If Char(t) is contained
in the input alphabet E--i.e., Char(t)#Oany, and  10
Char(t)#Oother, then process flow, proceeds to Step
S906. In cased other than  that described here,
profess flow proceeds to Step S906 (Step 89;04. [0190)
Char(t) is added to CharSet with process flow
proceeding to Step S906  (Step S906).  15 [0191]
Symbol t is assigned as the next state transition
whose start point is   Source(tother), process flow
then proceeding to Step 904 (Step S906), (0192]  If,
in Step S903, all of the state transitions each of
whose start point is  20 Source(tother) are processed,
then t is assigned as the first state transition whose
start point is the state q, with process flow
proceeding to Step S908  (Step S907). [0193]  If all
the state transitions q each of whose start point is
the state q are  25 processed, then process flow
terminates. In cases other than that described 44
here, process flow proceeds to Step S909 (Step S908),
[0194) If Destination(t)#Source(tother), then process
flow proceeds to Step S910.  In cases other than that
described here, process flow proceeds to Step S916  



5 (Step S909) [0195)  Symbol t1 is assigned as a first
state transition whose start, point is
Destination(t), and process flow proceeds to Step 911
(Step 5910).  [0196) 10 If 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
proceeds to Step S912 (Step S911). [0197]  If Char(t1)
is contained in the input alphabet E-i.e.,
Char(t1)#Oany, and  15 Char(t1)#Oother, then process
flow proceeds to Step S913. In cases other than that
described here, process flow proceeds to Step S915
(Step S912).  [0198] If Char(t1) is contained in
ChartSet, then process flow proceeds to Step S915. In
cases other than that described here, process flow
proceeds to  20 Step S914 (Step S913). [0199]  Unless
the state transition trans(qn, Destination(tother),
Char(t1))=T,  then the state transition trans(qn,
Destination(tother); Char(t1)) is added to T,  with
process flow proceeding to Step S915 (Step S914). 25
[0200] 45 Symbol t1 is assigned as the first state
transition whose start point is  Destination(t), and
process flow proceeds to Step 911 (Step S915). [0201]
"Unless, in Step 6909, Destination(t)#Source(tother),
or if, in Step S911,  



5 all the state transitions ti each of whose start
point is Destination(t) are processed, then t is
assigned as the next state transition, whose start
point is  the state q, with: process flow proceeding
to Step S908 <Step 5916) [0202]  The procedures
described above allow the procedure "correct state  10
transition based on Oother" to be executed. [0203]
Next, the procedure of "remove unused state" in Step
5105 will be!.  described. This procedure eliminates a
state that has thus far been  generated as a result of
the process and does not turn out to be an end point
15 of a state transition---i.e., a state in which any
input has no destination to  reach. [0204]  With
reference to Fig. 19, the procedure of "remove unused
state" in  Step S105 will be described. This procedure
uses the variable Found. The 20 variable Found can
take either value of TRUE or FALSE.  [0205] First, the
variable Found is assigned as FALSE, and process flow
proceeds to Step S1002 (Step S1001) [0206]  25 Next, q
is assigned as a first state contained in the state
set Q, and  46 process flow proceeds to Step 51003
(Step 51002).  [0207] If all the states q contained:
in the state set,Q are processed, then  process flow
proceeds to Step.S1017 In cases other-than that
described  



5 here, process flow proceeds to Step S1004 (Step
51003). [0208]  If the state q 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] If
there, exists a state transition whose endpoint is q ,
then process flow  proceeds to Step S1016. In cases
other-than that described here, process, d  flow
proceeds to Step S1006 (Step 51005). [0210]15 The
variable Found inset to FALSE, and process flow
proceeds to Step  S1007 (Step S1006). [0211]  Symbol t
is assigned as a first state transition whose start
point is q.  and process flow proceeds to Step 1008
(Step S1007). 20 [0212] If all the state transitions t
each of whose start point is q are processed,  then
process flow proceeds to Step S1011: In cases other
than that described  here, process flow proceeds to
Step S309 (Step S308). [0213]  25 Such state
transitions tare! deleted` from the state transition
set T1with  47 process flow proceeding to Step S1010
(Stop `S1009).  [0214] Symbol t is assigned as the
next state transition whose start point is q,  and
process flow proceeds to Step-1008 (Step S1010). 5
[0215] 



If, in Step S1008, all the state transitions teach
ofwhose start point: is  q are processed, then dis
assigned as a first output description whose  output
state is q, with 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
S1015. Incases other than  that described here,
process flow proceeds to Step S1013 (Step,S1012).
[0217] Such output description dis removed from the
output description set D,  15 process flow then
proceeding to Step S1014(Step S1013). [0218]  Symbol
dis assigned as the next output description whose
output state  is q, and process flow proceeds to Step
S1012 (Step S1014). [0219]  20 If, in Step 51012, all
the output descriptions death of whose output  state
is q are processed, then the state q is removed from
the state set Q,  with process flow proceeding to Step
S1012 (Step S1015)  [0220] Symbol q is assigned as the
next state transition contained in the state  25 set
Q, and process flow proceeds to Step S1003 (Step
51016). 48: [0221]  If, in Step S1003, all of the
states g contained in the state set Q are processed,
and if the variable Found is TRUE when -Found is
checked, then  process flow proceeds to Step 51002. In
cases other than that, described b here, process flow
terminates-(Step S101:7).  



[0222] The procedures described thus far allow for
execution of the procedure  "remove unused state."
[0223]  10 Here, the procedure "remove unused state";
is directed to reduce  memory capacity needed to store
a state transition table. Consequently,  regardless of
whether this procedure is omitted, the procedure
"match; input  document" can be executed, Omitting the
procedure permits reduction of   time necessary for
"compile matching: conditions." 15 [0224] Next, with
reference to Fig. 20; a procedure of remove redundant:
state"  in Step S106 will be described. The procedure
removes two kinds of  -unnecessary states. A first
case corresponds to a state transition that has,:'
the end point identical to the state transition based
on doyen one of which 20 examples is illustrated in
Fig." 42: Referring to Fig. 42, regardless of whether
the state transition whose end point is q3 based on
the transition character  b, the operation of the SDFA
automaton remains unchanged. Removal of  this state
transition allows reduction in the total number of
state  transitions, whereby the memory capacity needed
to store the state 25 transition table can be reduced.
A second case relates to: merging a. plurality  49 of
states whose end points of the state transitions with
respect to all the  transition characters are equal to
each other, one of which examples is  illustrated in
Fig. 43. Referring to Fig.43, because the states q1
and q2 have  the same end points of their state
transitions with respect to all, the 5 transition
characters, the states grand. 4s can be replaced with
qn=q1uq2into  



which the states q1 and q2 are merged. Because one of
the two cases deletes  a state or a state transition,
whereby the other may in some: situations be  capable
of removing a state or a state transition, the two
cases repeat until  no further state and state
transition is deleted. 10 [0225] With reference to
Fig. 20, the procedure of "remove redundant states" in
Step S106 will be described, The procedure uses
variables StateRemoved  and TransitionRemoved. The
variables StateRetmoved and  TransitionRemoved can
take either value of TRUE or FALSE. 15 [0226] In the
first place, StateRemoved is set to TRUE, with process
flow  proceeding to Step S1102 (Step S1101). [0227]  A
procedure of "remove redundant state transition" is
called, and  20 process flow proceeds to Step S1103,
during which procedure TransitionRemoved is set
(StepS1102).  [0228] If TransitionRamoved=FALSE, and
StateRemoved=TRUE, process  flow terminates. In cases
other than that described here, process flow 25
proceeds to Step S1104 (Step S1103).  50 [0229]  The
procedure "merge redundant states" is called, process
flow proceeds  to Step S1105 (Step S1104). [0230]  5
If TransitionRemoved=FALSE, and StateRemoved=TRUE,
pxocess  



flow terminates. In cases other than that described
here, process flow  proceeds to Step S1102 (Step
51105). [0231]  The procedure described thus far,
allows the procedure "remove  10 redundant states" to
be executed [0232]  Here, the: procedure "remove
redundant , states" is directed to reduce  memory
capacity, needed to store the state transition table.
Consequently,  regardless of whether this procedure is
omitted, the procedure "match input is document" can
be executed. Omitting the procedure allows reduction
in time  required for "compile matching. condition."
[0233]  Next, the procedure of "remove redundant state
transition" in Step  S1102 will be described. The
procedure, which corresponds to the first case 20 of
"remove redundant:states," removes a state transition
having the same  end point state as that of a state
transition based on Oother, as shown in Fig.  42.
[0284] With reference to Fig. 21, the procedure of
"remove redundant state  25 transition" in Step S1102
will be described: 51 [0235]  The variable Transition
Removed is first set to FALSE, with process flow
proceeding to Step S1202 (Step S1201).  [0236] 5 Next;
t is assigned as the first state transition contained
in the state  



transition set T, process flow then proceeding to Step
S1203 (Step S1202).  [02373 If all the state
transitions t contained in the state transition set
Tare  processed, then process flow terminates. In
cases other than that described  10 here, process flow
proceeds to Step S1204 (Step S1203) [0238]1  If
Char(t) is Oother, then process flow proceeds to Step
1205. In cases  other than that described here,
process flow proceeds to, Step S1210 (Step  S104). 15
[0239] Next, t1 is assigned as the first state
transition whose start point is  Source(t), with
process flow proceeding to Step 1206 (Stop S1205).
[0240] If all the state transitions T1 each of whose
start point is Source(t) are  20 processed, then
process flow proceeds to Step S1210. In cases other
than  that described here, process flow proceeds to
Step S1207 (Step 81206).  [02413 If t1/ t, and
Destination(t)=Destination(t1), then process flow
proceeds  to Step S1208. In cases other than that
described here, process flow 25 proceeds to Step S1209
(Step S1207).  52 [0242]  The state transition t is
eliminated from the state transition set T, and
process flow proceeds to Step 51209 (Step 51208).
[0243] 5 Symbol: t1 is assigned as the next state
"transition whose start point is  



Source(t), process flow then proceeding to Step 1206
(Step: S1209). [0244]  Unless, in Step S1204, Chart(t)
is Oother, or if; in Step S1206, all the  state
transitions t1 each of whose start point is 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
S1210). [0245]  The procedure described thus far all
ows the procedure "remove  redundant state.
transition" to be, executed.  15 [0246] Next, a
procedure of "merge redundant states" in Step S1104
will be  described. In the second case of "remove
redundant states"-- that is, as  illustrated in
Fig.43--this procedure merges a plurality of states
together in  which they end points of the state
transitions for all transition characters are  20
equal to each other. [0247] The: procedure "merge
redundant states" in Step S1104 is executable  through
well-known procedures set forth in, e.g., Non Patent
Document 1  and the like. When this procedure merges
one or more states together, the 25 variable
StateRemoved is assigned as TRUE. In cases other than
that"'  53 described here, the variable StateRemoved
is assigned as FALSE.  [0248] Next, with reference to
Fig. 22, a procedure of "generate state transition
table and output table" in Step 5107 will be
described. The procedure 5 extracts the state
transitions 11 and the output descriptions 12 from the



state set 25, the state transition set 26 and the
output 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 state set Qis  assigned as
N, each of the states is assigned as an unique state
number  Stateld(q) of zero through N-1 (Step 51301).
[0250]  A first state transition t is extracted from
the state transition set :2'  15 (Step S1302). [0251]
If all the state transitions t contained in the state
transition set Tare  processed, then process flow
proceeds to Step S1307. ln cases other than  that
described here, process flow proceeds to
Step~81304(Step S1303) 20 [0252] With respect to a
current state Source(t) and input character Char(t).
tuple, the hash value calculator 31 computes the hash
value 32, with  process flow proceeding to Step S1305
(Step S1304).  [0253]  25 The state transition hash
chain 34 is constituted of a current state  54
Source(t), input character Char(t) and next state
Destination(t) tuple, is  added to the state
transition hash pointer 33 whose offset is the: hash
vale  32, and process flow proceeds to Step S1306
(Step 51305): [0254]  5 t is assigned as the next
state transition contained in the state  



transition set T, process flow then proceeding to Step
S1303 (Step 51306).  [0255] If, in Step 51303, all of
the states transitions contained in the state
transition set Tare processed, a first output
description id is extracted from  10 the output
description set (Step.S1307).  [0256]  If allthe:
output descriptions d contained in the output
description set D  are processed, process flow
terminates. In cases other than that described  here,
process flow proceeds to Step 5130 (Step 5130$). 15
[0257] Result(a) is added as the condition number
chain 42 to the condition  number index 41
corresponding to the state number StateId(State(d)) of
State(d), with process. flow proceedingto,Step S1310
(Step:S1309),  [0258] 20 Symbol dis assigned as the
next output description contained in the  output
description D, process flow then proceeding to Step
S1308 (Step  S1310); [0259] The procedures. described
thus far allow the procedure "generate state  25
transition table and output table" to be executed. 55
[0260]  Subsequently, with reference to Fig: 23; the
procedure of "match input  document" will be
described. [0261]  5 First, the initial state qo is
set to the state q, and process flow proceeds  



to Step S2002 (Step 52001). [0262]  The output table.
storage 5 is searched to output a condition number 16
associated with, q. This procedure is implemented by
sequentially searching 10 for pointers to the
condition number chain 42 corresponding to the state
number Stateld(q) of the current state 13 of the
condition number index 41,  If all the condition
number chains 42 have been searched, then process
flow proceeds to Step .S2003) [02631  15 Upon
completion of all input, process flow terminates. In
cases other  than that described here, process flow
proceeds to Step 82004 (Step 52003).  [0264] The next
input character 14 is received from the input
character reader.  7, and the character 14 is assigned
as o with process flow proceeding to 20 Step; 82005
(Step-52004).  [0255] The state transition table
storage 4 is searched to check whether or not.  there
exists a transition destination qdfrom the state q
based on the  transition character o-i.e., whether
there exists trans(q, qd, o)=T--and  25 process flow
proceeds to Step 92006 (Step 52005).'  56 [0266]  If
there exists the transition destination qd, then
process flow proceeds to Step S2007. In cases other
than that described here, process flow  proceeds to
Step 52008 (Step S2007). 5 [0267] 



Symbol qd is assigned as q, and process flow proceeds
to Step S2002  (Step S2007). [02681  If there exists
no transition destination 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(Step S2008).  [0269] If
the transition destination qd exists, then process
flow proceeds to Step  52007. In cases other than that
described here, process flow proceeds to 15 Step S2010
(Step 52009).  [0270] The state q is set to qo with
process flow proceeding to Step 52006.  [0271] The
procedures described above allow the procedure "match
input  20 document" to be executed. [027211  By
exemplifying cases of the matching conditions 2
illustrated in Fig 44  and of the input string shown
in "Fig. 544, the operation of the string  matching
system of this embodiment will be described. below.
The matching 25 condition shown in Fig. 44 is that by
which the notation of the matching  57 condition in
Fig. 52 indicated in Patent Document 3 is made to
conform to a  format in this; embodiment, being
logically equivalent to that shown in Fig.  52. [0273]
5 By executing a procedure "compile matching
condition" shown in Step  



S51, the state transition table shown in Fig.45, and
the output table shown  in Fig. 46 are generated from
the matching condition in Fig. 44. Here, the  state
number 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
transition table storage 4, and the next state 15  to
the input character 14, e.g., indicating that the next
state will be 10 when  the state number of the current
state is six and the input character, "d." In  the
figure, a symbol"-" denotes that no next state exists
and the state 15 transition storage 4 can store such a
combination without using much  memory. As shown in
Fig. 53, the conventional finite state automaton with
output requires 90 combinations, whereas man example
shown in Fig. 45,  information on-46 state transitions
may merely be stored, which provides, an  effect that
reduces memory needed to store the state transition
table.  20 [02751 The output table in Fig. 46
tabulates the set of the condition number 16,
corresponding to the current state 13, stored in the
output table storage, 5,  which indicates, for
instance, that when the current state is four; a
condition  number of zero is outputted. 25 [02761 58,
As an example, Fig. 47 illustrates the operation of
the system in a case  where an input string of:"aaca"
is inputted. First, the state' q is set to the
initial. state (state zero). Subsequently, the. first
character :of the ,string is  read, transition being
made to State 2-the transition destination of the 5
character "a' in State 0(zero). Since the transition
destination based on the  



character "a' is defined, it is unnecessary to make
reference to Oother, which  is represented as
"unnecessary" in Fig. 47. Next, the second character
"a" is  read in, and a transition is made to State
5-the transition destination of  the character "a" in
State 2. Next; the third character "d' is read,: and a
10 transition is made to State 5-the transition
destination of charaeter "c" in.  State 9. Next, the
fourth character "a" is read, a transition being made
to  State 12-the transition destination of character
"a" it State 9: Input  terminates here. [0277]  15 The
conventional technique set forth in Patent Document 3
requires  seven times of making referencet to the
state transition table based upon the  same
conditions, whereas in this embodiment; four times of
referencing will  suffice. In this way, the present
invention is directed to prevent the  performance
degradation due to repeated transition failures, and
to enable 20 high speed string. matching, by setting
to twice or less per character the  reference count of
the state transition table due to transition failure.
[0278] Here, the matching condition in Fig. 44, which
is set forth for the  purpose of comparison with
the-technique- set: forth in Patent Document 3,  25
has a particular condition in which transitions from
the initial state based 59 on all of the characters
are allowed. An object of the matching .condition
shown in Fig. 44 is to identify a matching target
string "abed" even if any one  of the characters
thereof vanes; Without almost varying the object and
the  meanings of the matching condition; the matching
condition in Fig.44 can be 5 converted into that-shown
in Fig.48. This case further reduces the memory  



needed for the state transition, thus allowing a
benefit of the embodiment to  be enhanced. [0279]
Executing the procedure "compile matching condition"
shown : in Step 10 S51 generates from the matching
conditions 2 in Fig. 48, thestate transition  table
shown in Fig. 49 and the output table shown in Fig.
50. Here, the  state number of. the initial state is
set to zero. [0280]  The state transition table in
Fig. 49 means the same as that in Fig. 45,  15 and the
number of state transitions needed to be stored in the
state transition table storage 4 is reduced to
23,.which provides a benefit in that  further
necessary. memory is reduced. [0281]  Moreover, in
terms of the matching conditions 2 in Fig. 48, Fig. 51
20 illustrates the operation of an input string
"xabxd:" Since in State 0, the transition destination
of the first character "x".. of the string is not
defined,  reference is made to Oother. However, the
transition destination has yet to be  defined. The
next state is, therefore, set to the initial state
i.e., State O,  when reference is made twice to the
state transition tablet Hereinbelow 25 transitions are
made to State 3 and State 6 based on the second
character  60 "a" and the third character "b,"
respectively. Since in the forth character "1'  of the
string, the transition destination of the "a" is, not
defined, reference is  made to Oother, and the next
state 1 is obtained. At this moment, reference is
made twice to the state transition table :Furthermore,
a transition is made 5 to State 2 based on the fifth
character "d" Since State, 2 has the number  



zero being present as the condition number 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.-Patent, Document 1,a general DFA having  no
output can be deemed to be a specia Moore machine that
outputs two,  kinds of information of "accept" and
"reject' as the output alphabet. By  determining
whether or not there simply exists a condition
number~in a  matching result, this embodiment can also
configure a -string matching 15 system that outputs
two kinds of information: "accept" and "reject."
[0283] Note that the embodiment described thus far has
assumed that an  input target and a- matching
targetare "characters," which are not limited to
human-readable strings, but applicable to an arbitrary
symbol string, and  20 a data string. The characters
may be applied to identify, for example, a gene
sequence, data measured by a sensor and the like.
[0284]  It should be noted that although the
embodiment described above  employs the state
transition hash table 35 for the state transition
table 25 storage 4, any data structure capable of
logically representing a two- 61 dimensional structure
table such as a string and a tree structure (a trie),
may be used to implement the table storage 4. (0285]
It should also be noted that with respect to
frequently used states such  5 as the initial state, a
data structure such as an array that provides a high 



access rate may be used, while with respect to
less-frequently used states,  data structures such as
a high memory efficient hash table and. the tree
structure, may be used in combination. [0286]  10 It
should be noted that, although the embodiment
described thus. fat  employs the state transition hash
table 41 for the state transition table  storage 5,,
any data structure: capable of logically representing
a one   dimensional structure table such as the tree
structure and the hash table  may be employed to
implement the table storage 5,.. 15 INDUSTRIAL
APPLICABILITY  [0289] The present invention is
applicable to a string matching system.  20 25 62
CLAIMS  What is claimed is 5 1. A string matching
system, comprising: a state transition table generator
for generating a state transition  table based on a
matching condition described by a regular expression,
and  an automaton for making a transition according to
the state transition table generated by the state
transition table generator; wherein  10 if no next
transition destination state with respect to a current
state and  input-character tuple exists in the state
transition table generated based on  the matching
condition, then the automaton makes a transition back
to its  



initial state without proceeding to read the input
character. 2. The string matching system as recited in
claim 1, wherein when a 15 plurality of matching
conditions is inputted into the state transition table
generator, the state transition table generator merges
output descriptions  based on state merging, to
generate an output table, and the automaton  delivers
output according to the output table. 3. The string
matching system as recited in claim 1, wherein if a
transition  20 from an initial state qoto a
predetermined state q1, and a transition from an
arbitrary state q to the predetermined state q1, are
possible based on a  predetermined transition
character a, then in generating a state transition
table, the state transition table generator adds to
the state transition table  the state transition from
the arbitrary state q to the predetermined state q1 25
based on the predetermined transition character a  63
4. The string matching system as recited in claim 1,
wherein the state  transition table generator
configures the state transition table according to  a
hash table. 5. A string matching system, comprising 5
a state transition table generator for generating
state transition  table based on a matching condition
described in a regular expression; and  an automaton
for making a transition according to the state
transition table generated by the state transition
table generator wherein if  no next-transition
destination with respect to a current-state and input
10 character tuple exists in the state transition
table generated based on the  matching condition, then
the state transition table generator determines an
exclusion character based on which the automaton make
a transition to a  



predetermined state without proceeding to read the
input character, to  generate a state transition
table. 15 6. The string matching system as recited in
claim 5, wherein if no next- transition destination
state with respect to a current-state and input-
character tuple exists in a state transition table
generated based on the  matching condition, then the
state transition table generator generates a  state
transition table based on which the automaton makes a
transition to 20 'the initial state without proceeding
to read the input character. 7. The string matching
system as recited in claim 5, wherein when a
plurality of matching conditions is inputted into the
state transition table  generator, the state transiti
on table generator merges output descriptions  based
on state merging, to generate an output table; and the
automaton  25 delivers output according to the output
table. 64 8. The string matching system as recited in
claim 5, wherein if from a  given state there exist a
transition destination qj based on an arbitrary
character and a transition destination q2 based on a
predetermined  character O, the state transition table
generator replaces the arbitrary 5 character with the
exclusion character, and further replace transition
destination based on the predetermined transition
character O with a state  into which the transition
destinations q1 and q2 are merged. 9. The string
matching system as recited in claim 5, wherein-if from
a  given state a plurality of transition destination
states based on the removal  10 character exists, then
the state transitiontable generator replaces the
plurality of states with a state into which the
plurality of states are merged.  10. The string
matching system as recited in claim 5, wherein if in
an  



instance in which the state transition table generator
merges a  predetermined state q1 with a predetermined
state 92, the automatonmakes 15 a transition, based on
the exclusion character, from the predetermined state
q2 to a state q3, and then the state transition table
generator merges with  the state q3 a state transition
destination whose start point is the  predetermined
state q1. 20 11. The string matching system as recited
in claim 5, wherein the state  transition table
generator, in generating a nondeterministic finite
automaton, generates a state transition assigning
transitions based on a  metacharacter "." as arbitrary
character transitions. 25 12. The string matching
system as recited in claim 5, wherein the state  65
transition table generator in generating a
nondeterministic finite  automaton, replaces
transitions based on the metacharacter rail with
transitions based on a character a and transitions
based on an exclusion  character Cower. 5 13. The
string matching system as recited in claim 5, wherein
if the,  automaton makes a transition to an identical
state based on a normal  character and an exclusion
character Oother, then the state transition table
generator deletes the normal character-based state
transitions. 14. The string matching system as recited
in claim 13, wherein: when the  10 automaton makes a
transition to an identical state based on the normal
character and the exclusion character Oother, after
the normal character  based state transitions are
deleted, a plurality of states in which the  automaton
makes a transition to an identical state for all
characters is  merged into one, and the automaton
makes a transition to an identical state 



15 based on a normal character and an exclusion
character Oother after the  plurality of states in
which the automaton makes a transition to an identical
state for all characters has been merged into one,
then the normal- character-based state transitions are
deleted. 15. The string matching system as recited in
claim 5, wherein the state  20 transition table
generator configures the state transition table
according to  a hash table. 16. A string matching
program for matching a string by controlling a
computer, wherein the string matching program makes
the computer  execute the steps of 25 generating a
state transition table based -on a matching condition
66 described in a regular expression; and making a
transition according to a state transition table
generated  with a state transition table generator; if
no next-transition destination with respect to a
current state  5 and-input-character tuple exists in
the state transition table generated  based on the
matching condition, making a transition back to its
initial  state without proceeding to read the input
character. 17. A string matching program for matching
a string by controlling a  computer, wherein the
program makes the computer execute the steps of  10
generating a state transition table based on a
matching condition described in a regular expression,
and if no next-transition state with  respect to a
current-state and input-character tuple exists in a
state  transition table generated based on the
matching condition, determining an  exclusion
character based on which a transition is made to a
predetermined 



15 state without proceeding to read the input
character, to generate a state  transition table, and
making a transition based on the state transition
table generated  with the state transition table
generator. 20  25  67 


