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EFFICIENT RETRIEVAL OF VARIABLE-LENGTH 
CHARACTER STRING DATA 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an information 
retrieval technology of retrieving variable-length character 
string data. More particularly, the present invention relates 
to a technology to enhance ef?ciency in retrieving the 
longest pre?x match or longest suf?x match of a variable 
length character string. 

[0003] 2. Description of the Related Art 

[0004] First of all, a description Will be given of a general 
outline of the retrieval of the longest pre?x match; Which is 
the primary application target of the present invention. In the 
retrieval of the longest pre?x match, a retrieval result is, in 
a pattern list, the longest of patterns that match leading 
characters of a retrieval key (character string to retrieve). For 
example, When there are three patterns “ABCD”, “ABC 
DEFGH” and “ABCDE” that match leading characters of a 
retrieval key (e.g., “ABCDEFGHIJ”), the longest matching 
pattern “ABCDEFGH” is outputted as a retrieval result. At 
this time, if a pattern is longer than the retrieval key, it does 
not matter What character string the pattern has in the part 
exceeding the pattern of the retrieval key. On the other hand, 
a pattern that does not match leading characters of the 
retrieval key, such as a pattern “BCDE”, does not meet a 
condition of pre?x matching, even if the pattern is a partial 
character string of the retrieval key. 

[0005] In a system performing retrieval of information 
concerning variable-length character string data, in particu 
lar, retrieval of a pre?x match or suffix match of a variable 
length character string, a technology as described beloW is 
conventionally knoWn as a method for fast retrieval of a 
pattern that matches a retrieval key among a large number of 
patterns. 

[0006] Japanese Unexamined Patent Application Publica 
tion No. H04-209069, for example, describes a prior art 
concerning the retrieval of a pre?x match, Where index 
creating means and data retrieving means are provided. The 
index creating means creates an index table based on ?rst n 

characters (n: natural number) of character string data. The 
data retrieving means searches the index table to extract 
character strings Whose pre?xes match a retrieval condition. 
In the data retrieving means, When a character string des 
ignated as the retrieval condition is longer than the character 
strings of index data, each character in the remaining parts 
of the extracted character string data is compared With the 
retrieval condition, thereby retrieving a character string that 
matches the retrieval condition. 

[0007] Such a prior art has a disadvantage, Which Will be 
described With reference to FIG. 1. In the prior art, the index 
data are created from ?rst n characters of the character string 
data. In the case of searching a list Where only patterns 1301 
to 1304 are registered, ?ve leading characters (to the left of 
a separation 1351) of each of the patterns 1301 to 1304 are 
set as an index because four leading characters thereof are 
common. Thus, the registered patterns can be ef?ciently 
narroWed based on the indexes. Similarly, in the case of 
searching patterns consisting of only patterns 1305 to 1310, 
ten leading characters (to the left of a separation 1352) of 
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each pattern are set as an index because the patterns 1305 to 
1310 have nine common leading characters. 

[0008] Aproblem arises, hoWever, in the case of a search 
target including both the patterns 1301 to 1304 and the 
patterns 1305 to 1301. Speci?cally, to efficiently narroW the 
patterns 1301 to 1304, it is desirable to set the ?ve leading 
characters as an index, in Which case, hoWever, the patterns 
1305 to 1310 Will all have the same indexes. Therefore, if a 
character string starting With “PQRSPQRSP” is inputted as 
a retrieval key, the narroWing of the patterns 1305 to 1310 
based on the indexes is insufficient, leading to increased 
costs of suf?x-part comparison to be performed thereafter, 
loWering the retrieval ef?ciency. As described above, the 
prior art has a problem that, When the overlapping parts of 
registration patterns vary in length, the registration patterns 
are not narroWed suf?ciently based on indexes, resulting in 
the costs of comparing the remaining parts of the character 
strings becoming large. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, an object of the present invention is to 
provide an information retrieval technique, Which achieves 
high retrieval efficiency even When the overlapping parts of 
registration patterns have a variety of lengths. 

[0010] According to a ?rst aspect of the present invention, 
an index element for a registration pattern is generated, 
Wherein the index element is a partial string of characters 
Which is selected from a plurality of possible partial strings 
of characters according to a predetermined selection rule, 
Wherein the plurality of possible partial strings of characters 
are extracted from the registration pattern according to a 
predetermined extraction rule. An index element for a given 
retrieval key is retrieved using a plurality of partial strings 
of characters With different lengths that are extracted from 
the given retrieval key according to the predetermined 
extraction rule, to narroW scope of retrieval. 

[0011] As described above, according to the present inven 
tion, high retrieval ef?ciency can be achieved even When the 
overlapping parts of registration patterns vary in length. 

[0012] More speci?cally, for each registration pattern, an 
index element is made of a partial character string (e.g., the 
longest partial character string) of the registration pattern, 
selected in accordance With the selection rule among partial 
character strings of the registration pattern that are extract 
able from the registration pattern in accordance With the 
extraction rule. 

[0013] Therefore, it is possible to reduce the probability 
that the index elements of registration patterns Will be the 
same. Consequently, it is possible to enhance the ef?ciency 
in narroWing the registration patterns through index 
retrieval, and thus to reduce the costs of subsequently 
performed checking processing for comparing the parts 
other than the index elements of a retrieval key and of the 
registration patterns. 

[0014] In addition, When the longest partial character 
string is set as an index element, the number of characters to 
be compared in the above-mentioned checking processing 
becomes smaller. Therefore, the retrieval ef?ciency can be 
further enhanced. 

[0015] According to a second aspect of the present inven 
tion, an apparatus for retrieving a variable-length string of 
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characters from a plurality of registration patterns, includes: 
a pattern storage section for registering the plurality of 
registration patterns and index elements for respective ones 
of the plurality of registration patterns, Wherein each of the 
index elements for a corresponding registration pattern is a 
partial string of characters Which is selected from a plurality 
of possible partial strings of characters according to a 
predetermined selection rule, Wherein the plurality of pos 
sible partial strings of characters are extracted from the 
corresponding registration pattern according to a predeter 
rnined extraction rule; and a retrieval execution section for 
retrieving an index element for a given retrieval key using a 
plurality of partial strings of characters With different lengths 
that are extracted from the given retrieval key according to 
the predetermined extraction rule, to narroW scope of 
retrieval. 

[0016] A method according to the second aspect of the 
present invention includes: 

[0017] at registration pattern registration, extracting a 
plurality of possible partial strings of characters from 
each of the plurality of registration patterns accord 
ing to a predetermined extraction rule; selecting a 
partial string of characters as an index element for a 
corresponding registration pattern from the plurality 
of possible partial strings of characters according to 
a predetermined selection rule; registering the plu 
rality of registration patterns and index elements for 
respective ones of the plurality of registration pat 
terns in a pattern storage section; 

[0018] at registration pattern retrieval, extracting a 
plurality of partial strings of characters With different 
lengths from a given retrieval key according to the 
predetermined extraction rule; and searching the 
pattern storage section using the plurality of partial 
strings of characters extracted from the given 
retrieval key to narroW a search. 

[0019] As described above, according to the present 
invention, high retrieval efficiency can be achieved even 
When the overlapping parts of registration patterns vary in 
length. 
[0020] According to a third aspect of the present inven 
tion, an apparatus for retrieving a variable-length string of 
characters from a plurality of registration patterns, includes: 
a pattern storage section for registering the plurality of 
registration patterns and index elements for respective ones 
of the plurality of registration patterns, Wherein each of the 
index elements for a corresponding registration pattern is a 
longest one of a plurality of possible registration pattern 
pre?xes Which are extracted from the corresponding regis 
tration pattern according to a predetermined extraction rule; 
and a retrieval execution section for retrieving an index 
element for a given retrieval key using a plurality of retrieval 
key pre?xes With different lengths that are extracted from the 
given retrieval key according to the predetermined extrac 
tion rule, to narroW scope of retrieval. 

[0021] A method according to the third aspect of the 
present invention includes: 

[0022] at registration pattern registration, extracting a 
plurality of possible registration pattern pre?xes With 
different lengths from a front end of a corresponding 
registration pattern from each of the plurality of 
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registration patterns according to a predetermined 
extraction rule; selecting a longest possible registra 
tion pattern pre?x as an index element for a corre 
sponding registration pattern from the plurality of 
possible registration pattern pre?xes according to a 
predetermined selection rule; registering the plural 
ity of registration patterns and index elements for 
respective ones of the plurality of registration pat 
terns in a pattern storage section; 

[0023] at registration pattern retrieval, extracting a 
plurality of retrieval key pre?xes With different 
lengths from a given retrieval key according to the 
predetermined extraction rule; and searching the 
pattern storage section using the plurality of retrieval 
key pre?xes With different lengths to narroW a 
search. 

[0024] As described above, according to the present 
invention, the ef?ciency in retrieval of a longest pre?x rnatch 
can be enhanced even When the overlapping parts of regis 
tration patterns vary in length. 

[0025] According to a fourth aspect of the present inven 
tion, an apparatus for retrieving a variable-length string of 
characters from a plurality of registration patterns, includes: 
a pattern storage section for registering the plurality of 
registration patterns and index elements for respective ones 
of the plurality of registration patterns, Wherein each of the 
index elements for a corresponding registration pattern is a 
longest one of a plurality of possible registration pattern 
suf?xes With different lengths from a tail end of the corre 
sponding registration pattern, Wherein the plurality of pos 
sible registration pattern suffixes are extracted from the 
corresponding registration pattern according to a predeter 
rnined extraction rule; and a retrieval execution section for 
retrieving an index element for a given retrieval key using a 
plurality of retrieval key suf?xes With different lengths that 
are extracted from the given retrieval key according to the 
predetermined extraction rule, to narroW scope of retrieval. 

[0026] A method according to the fourth aspect of the 
present invention includes: 

[0027] at registration pattern registration, extracting a 
plurality of possible registration pattern suf?xes With 
different lengths from a tail end of a corresponding 
registration pattern from each of the plurality of 
registration patterns according to a predetermined 
extraction rule; selecting a longest possible registra 
tion pattern suf?x as an index element for a corre 
sponding registration pattern from the plurality of 
possible registration pattern suffixes according to a 
predetermined selection rule; registering the plural 
ity of registration patterns and index elements for 
respective ones of the plurality of registration pat 
terns in a pattern storage section; 

[0028] at registration pattern retrieval, extracting a 
plurality of retrieval key suf?xes With different 
lengths from a given retrieval key according to the 
predetermined extraction rule; and searching the 
pattern storage section using the plurality of retrieval 
key suf?xes With different lengths to narroW a search. 

[0029] In an embodiment, a pre?x to be an index elernent 
stored at a location according to a hash value obtained by 
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applying a hash function to the pre?x. Therefore, the ef? 
ciency in retrieval of a longest pre?x match can be further 
enhanced. 

[0030] In another embodiment, a plurality of pre?xes to be 
extracted are designated based on the number of characters 
of a registration pattern from its head or based on a sepa 
rating character. Accordingly, it can ?exibly apply to a 
variety of uses. For example, When the plurality of pre?xes 
to be extracted are designated based on a separating char 
acter “/”, it is possible to enhance the retrieval ef?ciency 
When retrieving the URL of a WWW page on the Internet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] 
prior art; 

[0032] FIG. 2 is a block diagram shoWing a general 
con?guration of a variable-length character string retrieval 
apparatus according to a ?rst embodiment of the present 
invention; 
[0033] FIG. 3 is a diagram for describing an operation at 
the time of registration of a pattern, according to the ?rst 
embodiment; 
[0034] FIG. 4 is a ?oWchart shoWing an example of the 
control operation of a pattern registration section; 

FIG. 1 is a diagram for describing a problem of a 

[0035] FIG. 5 is a diagram for describing an operation at 
the time of retrieval, according to the ?rst embodiment; 

[0036] FIG. 6 is a diagram for describing an operation at 
the time of retrieval, according to a second embodiment of 
the present invention; 

[0037] FIG. 7 is a ?oWchart shoWing an example of the 
control operation at the time of retrieval, according to the 
second embodiment; 

[0038] FIG. 8 is a diagram for describing an operation at 
the time of registration, according to the second embodi 
ment; 

[0039] FIG. 9 is a ?oWchart shoWing an example of the 
control operation at the time of registration, according to the 
second embodiment; 

[0040] FIGS. 10A to 10C each shoW variations of the 
second embodiment; 

[0041] FIG. 11 is a block diagram shoWing a general 
con?guration of a variable-length character string retrieval 
apparatus according to a third embodiment of the present 
invention; and 

[0042] FIG. 12 is a diagram for describing an operation 
according the third embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0043] In the description, individual characters constitut 
ing a variable-length character string are not limited only to 
human-recogniZable characters but may be binary data. In 
addition, there is no limit to the number of bits necessary to 
represent one character: the number of bits is not necessarily 
one byte (that is, the number of bits may be one bit or may 
be tWo bytes.) 

Jun. 2, 2005 

1. First Embodiment 

[0044] 1.1) Con?guration 
[0045] Referring to FIG. 2, a variable-length character 
string retrieval apparatus 1 according to a ?rst embodiment 
of the present invention generally includes a pattern regis 
tration section 131, a retrieval execution section 11 and a 
pattern storage section 12. 

[0046] When a registration pattern 132 is inputted, the 
pattern registration section 131 extracts N pre?xes (N: 
natural number) With different lengths in accordance With a 
given extraction rule. Further, the pattern registration section 
131 selects one pre?x among the extracted pre?xes in 
accordance With a given selection rule, and sets the selected 
pre?x as an index element for the registration pattern 132. 
Thereafter, a predetermined hash function is applied to the 
pre?x set as the index element to obtain a hash value, and 
this pre?x is registered on a pre?x pattern list 121 in the 
pattern storage section 12, at a location according to the 
obtained hash value. That is, indexes including individual 
pre?xes as index elements are to be structured on the pre?x 
pattern list 121. On the other hand, a suf?x, Which is the 
remaining part of the registration pattern 132 excluding the 
pre?x, is registered on a suffix pattern list 122 in the pattern 
storage section 12. 

[0047] Here, a description is given of the extraction rule 
and the selection rule used in this embodiment. The extrac 
tion rule is to extract (create), from a registration pattern, N 
kinds of pre?xes With lengths L1 to LN (L1 to LN: natural 
number) from the head of the registration pattern. For the 
lengths of the pre?xes to be extracted, any combination of 
lengths can be employed although they need to be prede 
termined. As an example of a Way to make a combination of 
lengths, it is possible to employ a method using N kinds of 
multiples of M, as Ik=k*M (M: natural number, k=1, 2, . . 
. , N), for example. In this embodiment, it is assumed that 
this method is employed. The selection rule is to select one 
pre?x among the plurality of pre?xes extracted in accor 
dance With the extraction rule. In this embodiment, it is 
assumed that the longest pre?x is selected among the 
plurality of pre?xes extracted in accordance With the extrac 
tion rule. 

[0048] When receiving a retrieval key 114, the retrieval 
execution section 11 retrieves a registration pattern that 
matches the retrieval key 114 from the pre?x pattern list 121 
and the suffix pattern list 122, and outputs a retrieval result 
115. The retrieval execution section 11 having such a 
function includes a pre?x extractor 111, a pre?x retriever 
112 and a suffix checker 113. 

[0049] The pre?x extractor 111 extracts N pre?xes from 
the inputted retrieval key 114 in accordance With the above 
described given extraction rule, and outputs the extracted 
pre?xes as pre?x information 116 to the pre?x retriever 112. 

[0050] The pre?x retriever 112 applies a predetermined 
hash function to each pre?x of the pre?x information 116 
received from the pre?x extractor 111 to obtain a hash value, 
searches the pre?x pattern list 121 based on the obtained 
hash values, and outputs a pre?x-retrieval result 117 to the 
suf?x checker 113. 

[0051] The suf?x checker 113 receives the pre?x-retrieval 
result 117. When a pre?x match has been found by the pre?x 
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retriever 112 at the previous stage, the suffix checker 113 
reads an entry associated With the pre?x in question from the 
suffix pattern list 122, and checks Whether or not the suf?x 
(the part other than the pre?x) of the retrieval key 114 
matches the entry (the suffix of a registration pattern in 
question). When a match is found, the suf?x checker 113 
outputs this registration pattern as the retrieval result 115. 

[0052] Note that the variable-length character string 
retrieval apparatus 1 having the above-described con?gura 
tion can be implemented by using a computer. When imple 
menting the variable-length character string retrieval appa 
ratus 1 by using a computer, a program for a variable-length 
character string retrieval apparatus is stored on a disk, a 
semiconductor memory or another type of recording 
medium. The computer is alloWed to read the program and 
control the operations of its oWn in accordance With the 
program, Whereby the retrieval execution section 11, the 
pattern storage section 12 and the pattern registration section 
131 are implemented on the computer. 

[0053] 1.2) Pattern Registration 
[0054] A description Will be given of operation at the time 
of registration of a pattern. In the folloWing description, it is 
assumed to use the extraction rule Wherein N=4 and M=4. 
That is, the extraction rule to extract four kinds of pre?xes 
With lengths of 4, 8, 12, and 16 Will be used. 

[0055] NoW referring to FIGS. 3 and 4, a description Will 
be given of a case Where a neW registration pattern 201 With 
a length of 11, “ABCDEFGHXYZ”, is inputted to the 
pattern registration section 131. 

[0056] When the registration pattern 201 is inputted, the 
length of a pre?x 202 to be set as an index element for the 
registration pattern 201, is ?rst determined (FIG. 4, S31). 
For the length of the pre?x of the registration pattern, the 
largest value that is equal to or smaller than the length of the 
registration pattern 201 is selected in accordance With the 
selection rule among N kinds of lengths of pre?xes extract 
able in accordance With the extraction rule. In an example 
shoWn in FIG. 3, since the four kinds of pre?xes have 
lengths of 4, 8, 12, and 16 and the registration pattern 201 
has a length of 11, the length of the pre?x 202 of the 
registration pattern 201 is determined to be eight. 

[0057] Thereafter, the pre?x 202 and a suf?x 203 are 
extracted (FIG. 4, S32). In the example shoWn in FIG. 3, the 
pre?x 202 is “ABCDEFGH”, and the suf?x 203 is “XYZ”. 

[0058] Next, the suffix 203 is registered on the suf?x 
pattern list 122 (FIG. 4, S33). Any type of data structure 
may be employed for the suffix pattern list 122. 

[0059] Next, a predetermined hash function Hp(x) is 
applied to the pre?x 202 to obtain a hash value Xh (FIG. 4, 
S34). Finally, the pre?x 202 and pointer information indica 
tive of the suf?x 203 stored on the suf?x pattern list 122 are 
registered on the pre?x pattern list 121, at an address 
corresponding to the obtained hash value Xh (FIG. 4, S35). 

[0060] At the step S35, if a pre?x and pointer information 
have been already registered at the address corresponding to 
the hash value Xh on the pre?x pattern list 121, then the 
folloWing processing is performed, for example. First, an 
entry on the suf?x pattern list 122, indicated by the pointer 
information, is looked at. When no pointer information 
indicative of a next entry is registered for the entry of 
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interest, pointer information indicative of the entry made by 
the registration of the suf?x 203 at the step S33 is registered 
for the entry of interest, and then the process is terminated. 
If pointer information indicative of a next entry is registered 
for the entry of interest, the next entry is looked at. There 
after, similar processing as described above is repeated 
depending on Whether or not any pointer information is 
registered for the next entry of interest. 

[0061] If the length of the pre?x 202 is equal to that of the 
registration pattern 201, the entire registration pattern 201 is 
treated as the pre?x, With the suffix having a length of 0. The 
suf?x is registered on the suf?x pattern list 122 as a suf?x 
With a length of 0, in the manner as described above. Thus, 
the pattern registration processing is completed. 

[0062] 1.3) Pattern Retrieval 

[0063] NoW referring to FIG. 5, it is assumed that three 
registration patterns 421 to 423 (“ABCDEF”, “BCDEFGH” 
and “ABCDEFGHXYZ”, respectively) are registered on a 
pattern list consisting of the pre?x pattern list 121 and the 
suf?x pattern list 122. Each of these registration patterns 421 
to 423 is stored dividedly on the pre?x pattern list 121 and 
the suf?x pattern list 122, in the above-described manner of 
pattern registration. This pattern list Will be searched for a 
longest pre?x match. Speci?cally, among the registration 
patterns registered on the pattern list, a registration pattern 
Will be retrieved Which is the longest of patterns that are 
equivalent to partial character strings of a retrieval key 401, 
“ABCDEFGHIJKLMN”, and match pre?xes of the retrieval 
key 401. 

[0064] A de?nition of the hash value is given before 
describing operation at the time of retrieval. With the hash 
function Hp(x) for calculating a hash value for a pre?x, the 
correlation betWeen the pre?x and the hash value is de?ned 
as folloWs: H1=Hp(“ABCD”), H2=Hp(“ABCDEFGH”), 
H3=Hp(“ABCDEFGHIJKL”), and H4=Hp(“BCDE”). 

[0065] When the retrieval key 401, “ABCDEF 
GHIJKLMN”, is inputted, the pre?x extractor 111 creates N 
kinds of pre?xes With different lengths from the retrieval key 
401 in accordance With the extraction rule (S41). Although 
all the N kinds of pre?xes are to be created basically, a pre?x 
that is longer than the retrieval key 401 is not created. In an 
example shoWn in FIG. 5, there are four pre?xes With four 
different lengths to create. Since the inputted retrieval key 
401 has a length of 14, hoWever, pre?xes 411, 412 and 413 
With lengths of 4, 8 and 12, respectively, are created, but a 
pre?x With a length of 16 is not. Information about the 
created pre?xes 411 to 413 With three lengths is given to the 
pre?x retriever 112. 

[0066] The pre?x retriever 112 performs the pre?x 
retrieval in tWo steps: calculating hash values for the pre 
?xes (S42), and searching the pre?x pattern list 121 based on 
the obtained hash values (S43). At the ?rst step of calculat 
ing hash values (S42), the predetermined hash function 
Hp(x) is applied to each of the pre?xes 411 to 413 created 
by the pre?x extractor 111, thereby obtaining a hash value 
for each pre?x. Here, hash values H1 to H3 are obtained for 
the pre?xes 411 to 413, respectively. 

[0067] Next, based on the obtained hash values H1 to H3, 
a search on the pre?x pattern list 121 is carried out. The 
pre?x of the pattern 421 has been registered at an address 
indicated by the hash value H1 for the pre?x 411, and the 
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retrieval key 401 and the pattern 421 are found to have a 
pre?x match at the stage of pre?x retrieval. Similarly, the 
pre?x of the pattern 423 has been registered at an address 
indicated by the hash value H2 for the pre?x 412. However, 
an entry corresponding to the hash value H3 for the pre?x 
413 is not registered on the pre?x pattern list 121. Accord 
ingly, at the stage of pre?x retrieval, candidates for the 
registration pattern Whose pre?x matches a pre?x of the 
retrieval key 401 are narroWed to tWo, namely the registra 
tion patterns 421 and 423. 

[0068] The suf?x checker 113 carries out a suf?x match 
check on each registration pattern Whose pre?x matches a 
pre?x of the retrieval key 401 (S44). Since tWo candidates 
for the registration pattern that matches the retrieval key 
401, namely the registration patterns 421 and 423, exist at 
the stage of pre?x retrieval, the suf?xes of these tWo 
registration patterns are checked, Which are each indicated 
by S44-1 and S44-3 in FIG. 5. 

[0069] In the case of the registration pattern 421, since the 
length of the matching pre?xes of the retrieval key 401 and 
the registration pattern 421 is four, the suffix of the retrieval 
key 401 is a character string from the ?fth character, 
“EFGHIJKLMN”, and the suf?x of the registration pattern 
421 is “EF”. In the suffixes, the ?rst tWo characters of the 
retrieval key 401 and the registration pattern 421 match. As 
a Whole, their ?rst six characters match, Which meets the 
condition of retrieval that a pattern is equivalent to a partial 
character string of a retrieval key and matches a pre?x of the 
retrieval key. Therefore, the registration pattern 421 matches 
the retrieval key 401. 

[0070] On the other hand, in the case of the registration 
pattern 423, since the length of the matching pre?xes of the 
retrieval key 401 and the registration pattern 423 is eight, the 
suffix of the retrieval key 401 is a character string from the 
ninth character, “IJKLMN”, and the suf?x of the registration 
pattern 423 is “XYZ”. The suf?xes of the retrieval key 401 
and the registration pattern 423 are apparently different from 
each other, and therefore the registration pattern 423 does 
not match the retrieval key 401. Since the registration 
pattern 421 is found as a pattern that matches the retrieval 
key 401, the registration pattern 421 is outputted as a 
retrieval result. 

[0071] Although only one pattern that matches the 
retrieval key 401 is found in the foregoing example, a 
plurality of patterns could be found. For example, When tWo 
registration patterns “ABCDEFG” and “ABCDE” have been 
registered, both the patterns match the retrieval key 401. In 
this case, based on the de?nition of the longest pre?x match, 
the longer of the registration patterns that match the retrieval 
key 401 is selected. Therefore, the registration pattern 
“ABCDEFG” is selected as a retrieval result. 

[0072] It is noted that a suffix check is not carried out on 
the registration pattern 422, Which has been already found in 
the pre?x retrieval at step S44 that it does not match the 
retrieval key 401 (that is, the step indicated by S44-2 is not 
performed.) In the suf?x checking at S44-1 and/or S44-3, if 
pointer information indicative of a next entry is registered 
for the entry on Which the suf?x check is being carried out, 
a suffix check is also carried out on the next entry indicated 
by the pointer information. Thus, the pattern retrieval pro 
cessing is completed. 
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[0073] 1.4) Advantages 
[0074] For indexes, pre?xes With N different lengths (N: 
natural number) are created. At the time of registration of a 
pattern, the longest of the pre?xes With N lengths is adopted 
as an index element. At the time of retrieval of a pattern, 
index retrieval is performed using all the N kinds of pre?xes. 
Since a plurality of character strings With different lengths 
can be registered as indexes, the narroWing of patterns 
through index retrieval can be performed ef?ciently. Con 
sequently, it is possible to reduce the costs of the checking 
processing for comparing the parts other than the pre?xes of 
a retrieval key and of registration patterns. 

2. Second Embodiment 

[0075] In the ?rst embodiment as described above, the 
pre?x extractor 111 extracts pre?xes With predetermined N 
different lengths from a retrieval key, and the pattern regis 
tration section 131 extracts a pre?x to be set as an index 
element from a registration pattern based on the predeter 
mined N different lengths. By comparison, in a second 
embodiment of the present invention, the pre?x extractor 
111 extracts pre?xes With N different lengths according to a 
predetermined separating character, and the pattern registra 
tion section 131 extracts a pre?x to be set as an index 
element from a registration pattern according to the prede 
termined separating character. 

[0076] 2.1) Pre?x Extraction 

[0077] First, the operation of the pre?x extractor 111 in the 
second embodiment Will be described With reference to 
FIGS. 6 and 7. In the folloWing description, it is assumed 
that N=4. In addition, consideration Will be given to a case, 
for example, Where a retrieval key 51 as shoWn in FIG. 6 is 
inputted, With separating characters “/”. 

[0078] When the retrieval key 51 is inputted, the pre?x 
extractor 111 looks at the ?rst character of the retrieval key 
51 and determines Whether or not the ?rst character is 
folloWed by a next character. When the next character is 
present (FIG. 7, S61: YES), the pre?x extractor 111 looks at 
the next character (S62). Subsequently, the pre?x extractor 
111 determines Whether or not the character that the pre?x 
extractor 111 is looking at is the separating character “/” 
(S63). 
[0079] When the character is not the separating character 
(S63: NO), the control goes back to the step S61 and the 
pre?x extractor 111 determines Whether the character being 
currently looked at is folloWed by a next character (S61). 
When the next character is present (S61: YES), the pre?x 
extractor 111 looks at that next character (S62). 

[0080] On the other hand, When the character is the 
separating character (S63: YES), the pre?x extractor 111 
extracts, as a pre?x, from the retrieval key 51, a character 
string from the ?rst character up to the character immedi 
ately before the separating character being currently looked 
at, and hands the extracted character string over to the pre?x 
retriever 112 (S64). If, hoWever, the character that is being 
looked at is the ?rst character, the pre?x extraction process 
ing is not performed because no character is present before 
the ?rst character. Thereafter, it is determined Whether or not 
the predetermined number N of pre?xes (four pre?xes, in 
this embodiment) has been extracted (S65). When four 
pre?xes have not been extracted yet (s65: NO), the process 
returns to the step S61. When four pre?xes have been 
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extracted (S65: YES), the process is terminated. In addition, 
the process is also terminated When it is determined at S61 
that no next character is present in the retrieval key 51. 

[0081] In an example shoWn in FIG. 6, since no separating 
character is present from the ?rst to seventh characters of the 
retrieval key 51, the above-described processing from S61 to 
S63 is repeated until the eighth character, Which is a sepa 
rating character 531, is looked at. When the ?rst separating 
character 531 is looked at (S63: YES), a character string 
from “a”, the ?rst character, up to “m”, the character 
immediately before the separating character 531, is set as a 
?rst pre?x 521. Thereafter, similarly, a character string from 
the ?rst character up to a character immediately before a 
second separating character 532 is set as a second pre?x 522 
(S64), and a character string from the ?rst character up to a 
character immediately before a third separating character 
533 is set as a third pre?x 523 (S64). Although it is supposed 
to create four kinds of pre?xes, the pre?x extractor 111 does 
not create a fourth pre?x because the retrieval key 51 does 
not contain a fourth separating character (S61: NO). Then, 
the process is terminated. 

[0082] 2.2) Pattern Registration 

[0083] Next, the operation of the pattern registration sec 
tion 131 in the second embodiment Will be described With 
reference to FIGS. 8 and 9. In the folloWing description, it 
is assumed that N=4. In addition, consideration Will be given 
to a case, for example, Where a registration pattern 751 as 
shoWn in FIG. 8 is inputted, With separating characters “/”. 

[0084] When the registration pattern 751 is inputted, the 
pattern registration section 131 looks at the ?rst character of 
the registration pattern 751 and determines Whether or not 
the ?rst character is folloWed by a next character (FIG. 9, 
S81). When the next character is present (SB1: YES), the 
pattern registration section 131 looks at the next character 
(S82). Subsequently, the pattern registration section 131 
determines Whether or not the character being currently 
looked at is a separating character “/” (S83). 

[0085] When the character is not a separating character 
(S83: NO), the control goes back to the step S81 and the 
pattern registration section 131 determines Whether the 
character being currently looked at is folloWed by a next 
character (S81). When the next character is present (S81: 
YES), the pattern registration section 131 looks at the next 
character (S82). 

[0086] On the other hand, When the character is the 
separating character (S83: YES), the pattern registration 
section 131 replaces a pre?x candidate, Which the pattern 
registration section 131 is holding, With a character string of 
the registration pattern 751 from the ?rst character up to the 
character immediately before the separating character being 
currently looked at (S84). If, hoWever, the character that is 
being looked at is the ?rst character, the updating of the 
pre?x candidate is not performed because no character is 
present before the ?rst leading character. 

[0087] Subsequently, it is determined Whether or not the 
replacement is performed for an N-th (fourth, in this 
embodiment) pre?x candidate (S85). When the replacement 
is not made for the fourth pre?x candidate (S85: NO), the 
control goes back to the step S81 and the steps S81-S84 are 
repeatedly performed While sequentially looking at next 
characters until the replacement has been performed for the 
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fourth pre?x candidate (S85: YES) or no next character is 
left in the registration pattern 751 (S81: NO). 

[0088] On the other hand, When the replacement is the 
fourth pre?x candidate (S85: YES), the pattern registration 
section 131 registers this pre?x candidate neWly placed at 
S84 on the pre?x pattern list 12, as an index element for the 
registration pattern 751 (S86). At S86, other processing as 
described before is also performed, such as registration of 
the suf?x of the registration pattern 751 onto the suf?x 
pattern list 122 and registration of pointer information. It is 
noted that the processing at S86 is also performed When it is 
determined at S81 that no next character is present in the 
registration pattern 751. 

[0089] In an example shoWn in FIG. 8, since no separating 
character is present from the ?rst to fourth characters of the 
registration pattern 751, the above-described processing 
from S81 to S83 is repeated. When a ?rst separating 
character 731 is found (S83: YES), a character string from 
“x”, the ?rst character, up to “W”, the character immediately 
before the separating character 731, is held as a ?rst pre?x 
candidate 721 (S84). Thereafter, When a second separating 
character 732 is found (S83: YES), the held ?rst pre?x 
candidate 721 is replaced With a character string (second 
pre?x candidate 722) from the ?rst character “x” up to the 
character immediately before the second separating charac 
ter 732, namely “m” (S84). Thereafter, similar processing is 
performed every time a separating character (third separat 
ing character 733, fourth separating character 734) is found, 
to hold a third pre?x candidate 723, and then a fourth pre?x 
candidate 724 (S84). When the fourth pre?x candidate 724 
is held, this pre?x candidate is registered on the pre?x 
pattern list 121 as an index element for the registration 
pattern 751 (S86). Although the registration pattern 751 
contains a ?fth separating character 735, the ?fth separating 
character 735 is not used as a separating character because 
N=4. 

[0090] Although “/” is used as an example of separating 
characters in the above description, no restrictions are placed 
on the length, position and contents of a separating charac 
ter. A separating character may have any length as long as 
the length is at least one. For example, a character string may 
be composed of a plurality of characters such as “://” shoWn 
in FIG. 10A, Which can be designated as a separating 
character. Each of a plurality of different predetermined 
characters such as “A” and “B” as shoWn in FIG. 10B, may 
be designated as a separating character. Moreover, the 
registration position of a predetermined character may deter 
mine Whether it is a separating character. As shoWn in FIG. 
10C, it is also possible to designate “C” that emerges for the 
second and fourth times as a separating character. 

[0091] The above-described method of determining a pre 
?x based on a separating character (or string) according to 
the second embodiment is ef?cient in narroWing patterns 
based on pre?xes When retrieving a pattern characteriZed by 
a separating character rather than by the length, such as a 
URL indicative of the location of a WWW page on the 
Internet. 

3. Third Embodiment 

[0092] In the ?rst and second embodiments, the retrieval 
of the longest pre?x match of a variable-length character 
string is performed. By comparison, in a third embodiment 
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of the present invention, the retrieval of a longest suf?x 
match Will be performed. NoW the third embodiment Will be 
described With reference to FIGS. 11 and 12. 

[0093] FIG. 11 is a block diagram shoWing an exemplary 
con?guration of a variable-length character string retrieval 
apparatus 1a for retrieving a longest suf?x match. Referring 
to FIG. 11, the variable-length character string retrieval 
apparatus 1a according to the third embodiment generally 
includes a pattern registration section 131a, a retrieval 
execution section 11a and a pattern storage section 12a. 

[0094] When a registration pattern 132 is inputted, the 
pattern registration section 131a extracts N suf?xes (N: 
natural number) With different lengths from the tail of the 
registration pattern 132 in accordance With a given extrac 
tion rule. Further, the pattern registration section 131a 
selects the longest of the extracted suf?xes in accordance 
With a selection rule, and sets the selected suf?x as an index 
element for the registration pattern 132. Thereafter, the 
pattern registration section 131a applies a predetermined 
hash function to the suf?x set as the index element to obtain 
a hash value, and registers this suf?x on a suf?x pattern list 
121a, at an address corresponding to the obtained hash 
value. On the other hand, a pre?x, Which is the remaining 
part of the registration pattern 132 excluding the suf?x, is 
registered on a pre?x pattern list 122a. It is noted that, When 
the suffix is registered on the suffix pattern list 121a, pointer 
information indicative of the corresponding pre?x is also 
registered similarly to the embodiments discussed above. 

[0095] The retrieval execution section 11a includes a 
suffix extractor 111a, a suf?x retriever 112a and a pre?x 
checker 113a. 

[0096] The suf?x extractor 111a extracts N suf?xes from 
a retrieval key 114 inputted, in accordance With the above 
mentioned given extraction rule, and outputs the extracted 
suffixes as suf?x information 116a. 

[0097] The suffix retriever 112a applies a predetermined 
hash function to each suf?x of the suf?x information 116a 
received from the suf?x extractor 111a to obtain a hash 
value. The suf?x retriever 112a searches the suffix pattern 
list 121a based on the obtained hash values and outputs a 
suffix-retrieval result 117a. 

[0098] The pre?x checker 113a receives the suf?x-re 
trieval result 117a. When a suf?x match has been found by 
the suf?x retriever 112a at the previous stage, the pre?x 
checker 113a reads an entry associated With the suf?x in 
question from the pre?x pattern list 122a and checks 
Whether or not the pre?x (the portion other than the suf?x) 
of the retrieval key 114 matches the entry (the pre?x of a 
registration pattern in question). When a match is found, the 
pre?x checker 113a outputs this registration pattern as a 
retrieval result 115. 

[0099] Note that the variable-length character string 
retrieval apparatus 1a having the above-described con?gu 
ration can be implemented by using a computer. When 
implementing the variable-length character string retrieval 
apparatus 1a by using a computer, a disk, a semiconductor 
memory or another type of recording medium that stores a 
program for a variable-length character string retrieval appa 
ratus, is prepared. The computer is alloWed to read the 
program and control the operations of its oWn in accordance 
With the program, Whereby the retrieval execution section 
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11a, the pattern storage section 12a and the pattern regis 
tration section 131a are implemented on the computer. 

[0100] Next, a description Will be given of operation in the 
third embodiment With reference to FIG. 12. 

[0101] In the ?rst and second embodiments, a plurality of 
pre?xes With different lengths are prepared. By comparison, 
in the third embodiment, as shoWn in FIG. 12, a plurality of 
suf?xes With different lengths (e.g., 4, 8, 12, and 16) are 
prepared (S111). Speci?cally, suf?xes 1111 to 1113 are 
created from a retrieval key 1101 (note that a suffix 1114 
With a length of 16 does not exist), and hash values H1 to H3 
are calculated for the suffixes 1111 to 1113, respectively 
(S112). Based on the obtained hash values H1 to H3, the 
suf?x pattern list 121a is searched for a suffix that matches 
any of the suf?xes 1111 to 1113 of the retrieval key 1101 
(S113). A check on a pre?x stored on the pre?x pattern list 
122a is carried out only for a registration pattern Whose 
suf?x matches any of the suf?xes 1111 to 1113. The retrieval 
of a suf?x match can be performed through the foregoing 
procedures. 
[0102] As described above, the pre?x-related things and 
the suf?x-related things in the ?rst embodiment are reversed 
in the third embodiment. As for the registration of a pattern, 
a pattern can be registered as in the manner of registering a 
pattern shoWn in the ?rst embodiment, by reversing the 
pre?x-related things and the suffix-related things in the 
pattern registration method according to the ?rst embodi 
ment. 

[0103] It should be noted that, although each of the 
aforementioned embodiments is described by giving the 
case Where the retrieval is performed using a hash function, 
the retrieval method is not limited to this. It is also possible 
to employ other methods such as a linear search and a binary 
tree. 

1. An apparatus for retrieving a variable-length string of 
characters, comprising: 

an index generating section for generating an index ele 
ment for a registration pattern, Wherein the index 
element is a partial string of characters Which is 
selected from a plurality of possible partial strings of 
characters according to a predetermined selection rule, 
Wherein the plurality of possible partial strings of 
characters are extracted from the registration pattern 
according to a predetermined extraction rule; and 

a retrieval section for retrieving an index element for a 
given retrieval key using a plurality of partial strings of 
characters With different lengths that are extracted from 
the given retrieval key according to the predetermined 
extraction rule, to narroW scope of retrieval. 

2. An apparatus for retrieving a variable-length string of 
characters from a plurality of registration patterns, compris 
mg: 

a pattern storage section for registering the plurality of 
registration patterns and index elements for respective 
ones of the plurality of registration patterns, Wherein 
each of the index elements for a corresponding regis 
tration pattern is a partial string of characters Which is 
selected from a plurality of possible partial strings of 
characters according to a predetermined selection rule, 
Wherein the plurality of possible partial strings of 
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characters are extracted from the corresponding regis 
tration pattern according to a predetermined extraction 
rule; and 

a retrieval execution section for retrieving an index ele 
rnent for a given retrieval key using a plurality of partial 
strings of characters With different lengths that are 
extracted from the given retrieval key according to the 
predetermined extraction rule, to narroW scope of 
retrieval. 

3. An apparatus for retrieving a variable-length string of 
characters from a plurality of registration patterns, cornpris 
ing: 

a pattern storage section for registering the plurality of 
registration patterns and index elements for respective 
ones of the plurality of registration patterns, Wherein 
each of the index elements for a corresponding regis 
tration pattern is a longest one of a plurality of possible 
registration pattern pre?xes Which are extracted from 
the corresponding registration pattern according to a 
predetermined extraction rule; and 

a retrieval execution section for retrieving an index ele 
rnent for a given retrieval key using a plurality of 
retrieval key pre?xes With different lengths that are 
extracted from the given retrieval key according to the 
predetermined extraction rule, to narroW scope of 
retrieval. 

4. The apparatus according to claim 3, Wherein the pattern 
storage section comprises: 

a pre?x pattern list containing registration pattern pre?xes 
of respective ones of the registration patterns, Wherein 
each of the registration pattern pre?xes is an index 
element for a corresponding registration pattern; and 

a suf?x pattern list containing suf?xes of respective ones 
of the registration patterns, Wherein each of the suf?xes 
is a portion of a corresponding registration pattern 
excepting its pre?x, and the retrieval execution section 
comprises: 

a pre?x extractor for extracting the plurality of retrieval 
key pre?xes With different lengths from the given 
retrieval key according to the predetermined extraction 
rule; 

a pre?x retriever for retrieving a registration pattern 
having an index element that matches any one of the 
plurality of retrieval key pre?xes extracted by the pre?x 
extractor by searching the pre?x pattern list using the 
plurality of retrieval key pre?xes With different lengths; 
and 

a suffix checker for checking Whether a suffix of the 
retrieval key matches a suf?x of the registration pattern 
retrieved by the pre?x retriever in the suf?x pattern list. 

5. The apparatus according to claim 4, Wherein 

the pre?x pattern list stores a registration pattern pre?x to 
be an index element for each registration pattern at a 
location corresponding to a hash value obtained by 
applying a predetermined hash function to the regis 
tration pattern pre?x, and 

the pre?x retriever uses the predetermined hash function 
to obtain hash values for respective ones of the plurality 
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of retrieval key pre?xes and searches the pre?x pattern 
list using the hash values obtained. 

6. The apparatus according to claim 4, Wherein the 
predetermined extraction rule is to determine the plurality of 
possible registration pattern pre?xes to be extracted accord 
ing to different numbers of characters from a ?rst character 
of each registration pattern. 

7. The apparatus according to claim 4, Wherein the 
predetermined extraction rule is to determine the plurality of 
possible registration pattern pre?xes to be extracted by a 
predetermined separating character. 

8. An apparatus for retrieving a variable-length string of 
characters from a plurality of registration patterns, cornpris 
ing: 

a pattern storage section for registering the plurality of 
registration patterns and index elements for respective 
ones of the plurality of registration patterns, Wherein 
each of the index elements for a corresponding regis 
tration pattern is a longest one of a plurality of possible 
registration pattern suf?xes With different lengths from 
a tail end of the corresponding registration pattern, 
Wherein the plurality of possible registration pattern 
suf?xes are extracted from the corresponding registra 
tion pattern according to a predetermined extraction 
rule; and 

a retrieval execution section for retrieving an index ele 
rnent for a given retrieval key using a plurality of 
retrieval key suffixes With different lengths that are 
extracted from the given retrieval key according to the 
predetermined extraction rule, to narroW scope of 
retrieval. 

9. The apparatus according to claim 8, Wherein the pattern 
storage section comprises: 

a suf?x pattern list containing registration pattern suf?xes 
of respective ones of the registration patterns, Wherein 
each of the registration pattern suffixes is an index 
element for a corresponding registration pattern; and 

a pre?x pattern list containing pre?xes of respective ones 
of the registration patterns, Wherein each of the pre?xes 
is a portion of a corresponding registration pattern 
excepting its suf?x, and the retrieval execution section 
comprises: 

a suf?x extractor for extracting the plurality of retrieval 
key suf?xes With different lengths from the given 
retrieval key according to the predetermined extraction 
rule; 

a suffix retriever for retrieving a registration pattern 
having an index element that matches any one of the 
plurality of retrieval key suf?xes extracted by the suf?x 
extractor by searching the suf?x pattern list using the 
plurality of retrieval key suf?xes With different lengths; 
and 

a pre?x checker for checking Whether a pre?x of the 
retrieval key matches a pre?x of the registration pattern 
retrieved by the suf?x retriever in the pre?x pattern list. 

10. The apparatus according to claim 9, Wherein 

the suf?x pattern list stores a registration pattern suffix to 
be an index element for each registration pattern at a 






