
DATA COMPRESSION APPARATUS, METHOD, AND PROGRAM 

FIELD 

[0001] The embodiments discussed herein are related to a data 

5 compression apparatus a method, and a program. 

BACKGROUND 

[0002] As a data compression algorithm, the LZ77 algorithm 

published by Abraham Lempel and Jacob Ziv in 1977 s known. The 

10 LZ77 algorithm is one example of a dictionary compression scheme, 

and is also referred to as a sliding dictionary scheme. In the 

LZ77 algorithm, data is encoded in order from the head. In the 

sliding dictionary scheme, a search is performed to determine 

whether a symbol string starting at a position of interest has 

15 previously appeared. When the symbol string has previously 

appeared, the symbol string is replaced with a pointer 

representing the appearance position and the length of the 

symbol string. The term "sliding dictionary scheme" 

originates from the fact that a range in which a symbol string 

20 is searched for is referred to as a "sliding window" and that 

the sliding window is used for a dictionary. 

[0003] In the LZ77 algorithm, a data amount is reduced by 

replacing a repeatedly appearing data string with the length 

and the appearance position of a symbol string that has 

25 previously appeared. In decompression, original data can be 

decompressed by copying a symbol string having a matching length 

from a position where the symbol string has previously appeared 

and having a matching length. In addition, the LZ77 algorithm 

shows a method for encoding a length at which no repetition is 

30 detected and a symbol string that does not include any 

repetition when no repetition is detected. 

[0004] Depending on an operating system (OS) of a Central 

Processing Unit (CPU), a Single Instruction Multiple Data 

(SIMD) instruction whereby plural pieces of data are handled 

35 when a single instruction is issued has been prepared, and data 
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can be copied between memories in 16-byte or 32-byte units at 

high speed. When the SIMD instruction is used in copying 

processing in decompression, speeding-up of decompression can 

be realized. 

5 [Non-Patent Document 1] Fiala, E. and Greene, D. (1989) 

"Data compression with finite windows" Communications of the 

ACM, 32(4) pp. 490-505 

SUMMARY 

10 [0005] In the LZ77 algorithm, the last address of a copy 

source character string may be located in a backward direction 

from the first address of a copy destination character string. 

Hereinafter, this is simply referred to as "a copy source 

overlaps a copy destination". As an example, in a case in which 

15 the same character is repeated so as to generate the character 

string "aaaa ...", the addresses of a copy source character 

string are "1, 2, 3, 4 ...", and the addresses of a copy 

destination character string are "2, 3, 4, ...". Namely, the 

copy source character string overlaps the copy destination 

20 character string at addresses "2, 3,4, . . .". In such a case, 

when decompression is performed, a previously appearing 

character string is copied in a procedure of copying the first 

byte into the second byte in step 1, and copying the second byte 

into the third byte in step 2. In this case, the process of 

25 step 2 is not performed until the process of step 1 is completed. 

Stated another way, in the LZ77 algorithm, a data string can 

be decompressed by performing simple copying because a 

repeatedly appearing data string is replaced with the length 

and the appearance position of a data string that has previously 

30 appeared; however, when a copy source overlaps a copy 

destination, copying each individual byte may need to be 

performed. Consequently, there is a problem in that whether 

a copy source overlaps a copy destination needs to be confirmed 

first in order to use high-speed multi-byte copying in 

35 decompression, and when the copy source overlaps the copy 



destination, a complicated process for copying each individual 

byte is needed. 

[0006] Accordingly, it is an object in one aspect of the 

invention to provide a data compression apparatus, a method, 

5 and a program for generating compressed data that can be 

decompressed at high speed by selecting and compressing a 

matching string in which overlapping inconvenient in 

decompression using multi-byte copying is restricted. 

10 MEANS FOR SOLVING THE PROBLEMS 

[0007] A data compression apparatus is provided. The data 

compression apparatus includes: a matching string searching 

unit configured to extract a second character string as a 

matching string from a character string after a first character 

15 string in a character string of data before compression, the 

second character string being identical with the first 

character string, and identifies a length of the matching string, 

and a relative position indicating how many addresses the first 

character string precedes the second character string by, a 

20 matching string dividing unit configured to extract a third 

character string having a length that is less than the relative 

position from the second character string extracted by the 

matching string searching unit, a matching length encoder 

configured to encode a length of the third character string; 

25 and a matching position encoder configured to encode the 

relative position. 

EFFECTS OF THE INVENTION 

[0008] In order to realize decompression of compressed data 

30 in multi-byte units, compressed data that can be decompressed 

at high speed can be generated by performing compression after 

subdividing a matching string repeatedly appearing in original 

data. 

35 BRIEF DESCRIPTION OF DRAWINGS 
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[0009] FIG. 1 is a diagram explaining an outline of the LZ77 

algorithm. 

[0010] FIG. 2 is an exemplary functional block diagram of 

a data compression apparatus in a comparative example. 

5 [0011] FIG. 3 illustrates a flow of a compression process 

performed by a data compression apparatus in a comparative 

example. 

[0012] FIG. 4 illustrates examples of original data and 

compressed data in a comparative example. 

10 [0013] FIG. 5 illustrates an example of a flow of a 

decompression process in a comparative example. 

[0014] FIG. 6A illustrates an example of a compression 

process performed by a data compression apparatus in a 

comparative example. 

15 [0015] FIG. 6B illustrates an example of a decompression 

process in a comparative example. 

[0016] FIG. 7 is an exemplary functional block diagram of 

a data compression apparatus according to the embodiments. 

[0017] FIG. 8 illustrates an example of a flow of a 

20 compression process performed by a data compression apparatus 

according to the embodiments. 

[0018] FIG. 9 illustrates an example of a flow of a 

decompression process according to the embodiments. 

[0019] FIG. 10 illustrates an example of a flow of a 

25 compression process performed by a data compression device in 

examples. 

[0020] FIG. 11 illustrates an example of a flow of a head 

position adjusting process in examples. 

[0021] FIG. 12A illustrates an example of a flow of a matching 

30 string dividing process in examples. 

[0022] FIG. 12B illustrates another example of a flow of a 

matching string dividing process in examples. 

[0023] FIG. 13 illustrates an example of a flow of a matching 

length adjusting process in examples. 

35 [0024] FIG. 14 illustrates an example of division at P(l), 
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P (3) , . . . , and P (2m - 1) . 

[0025] FIG. 15 illustrates an example of division at P(n v 

2), P(n -f- 4), ..., and P(n -f- 2m) . 

[0026] FIG. 16 illustrates another example of division at 

5 P(l) , P(3) , . . ., and P(2m - 1) . 

[0027] FIG. 17 illustrates yet another example of division 

at P(l), P (3), ..., and P(2m - 1). 

[0028] FIG. 18 illustrates an example of a configuration of 

a computer. 

DESCRIPTION OF EMBODIMENTS 

[0029] A comparative example is described first, and 

embodiments are described next, with reference to the drawings. 

[0030] A data compression apparatus, a method, and a program 

15 using the LZ77 algorithm are described below, but a data 

compression scheme is not limited to the LZ77 algorithm, and 

any compression scheme can be employed that reduces a data 

amount by replacing a repeatedly appearing data string with the 

length and the appearance position of a data string that has 

20 previously appeared. 

[0031] In the LZ77 algorithm, a repeatedly appearing 

character string is searched for, and when the character string 

appears a second time or later, the character string is 

compressed by replacing the character string with data relating 

25 to an appearance position and a length. The appearance position 

is a difference in an address between the head positions of a 

character string when the character string appears for a 

plurality of times and when the character string has previously 

appeared, in a case in which the character string appears a 

30 plurality of times. 

[0032] The following notation rules are used in the 

description below. 

(Rule 1) A matching string is represented by (matching length, 

starting position of matching string). 

35 (Rule 2) A non-matching string is represented by {non-matching 
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length, non-matching character string}. 

The starting position of a matching string represents how many 

addresses a character string that is identical with the matching 

string precedes the matching string by. The starting position 

5 of the matching string is also referred to as a "matching 

position" or a "relative position". The starting position of 

the matching string (the relative position) may be a difference 

in an address between the head positions of a character string 

when the character string appears for a plurality of times and 

10 when the character string has previously appeared, in a case 

in which the character string appears a plurality of times, 

namely, the length of a relative distance. As an example, the 

starting position of a matching string being "14" may mean that 

a head position when the character string appears for a 

15 plurality of times is located 14 addresses in a backward 

direction from a head position when the character string has 

previously appeared. The expression "encode a matching string 

in a character string of original data into compressed data in 

the form of (matching length, starting position of matching 

20 string)" is also used. Similarly, the expression "encode a 

non-matching string in a character string of original data into 

compressed data in the form of {non-matching length, 

non-matching character string}" is also used. 

<Comparative example> 

25 [0033] A comparative example is described below with 

reference to FIGS. 1 to 6B. The description below of the 

comparative example is also a description of an outline of the 

LZ77 algorithm. 

[0034] FIG. 1 is a diagram explaining an outline of the LZ77 

30 algorithm. 

[0035] As an example, in data before compression 

(hereinafter also referred to simply as "original data") that 

is stored at the 1st to 34th addresses illustrated in FIG. 1, 

the character string "compression_de" is stored at the 1st to 

35 14th addresses, the character string "compress" is stored at 



the 15th to 22nd addresses, " " (underbar) is stored at the 23rd 

address, and the character string "compression" is stored at 

the 24th to 34th addresses, "compression_de" stored at the 1st 

to 14th addresses is a non-matching string, and has a 

5 non-matching length of 14, and therefore "compression_de" is 

represented as "{14, compression de}" in compressed data, 

"compress" stored at the 15th to 22nd addresses of the original 

data is identical with a character string at the 1st to 8th 

addresses."compress" is formed of 8 characters. The identical 

10 character string precedes "compress" by 14 addresses, and 

therefore the starting position of the matching string is 14. 

Accordingly, data at the 15th to 22nd addresses of the original 

data is encoded into "(8, 14)" in the compressed data. 

(underbar) stored at the 23rd address of the original data has 

15 not appeared previously, and therefore "_" (underbar) is 

encoded into "{1, _}" in the compressed data, "compression" 

stored at the 24th to 34th addresses of the original data is 

identical with the character string stored at the 1st to 8th 

addresses, and "compress" is formed of 8 characters. The 

20 identical character string precedes "compress" by 23 addresses, 

and therefore the starting position of the matching string is 

23. Accordingly, data at the 24th to 34th addresses of the 

original data is encoded into " (11, 23) " in the compressed data. 

[0036] As described above, the character string of the 

25 original data illustrated in FIG. 1 is represented as "{14, 

compression_de} (8, 14){1, }11, 23)" in the compressed data. 

[0037] FIG. 2 is an exemplary functional block diagram of 

a compression apparatus that compresses original data by using 

the LZ77 algorithm so as to generate compressed data. 

30 [0038] A compression apparatus 10 includes an input buffer 

11, a matching string searching unit 12, a matching length 

encoder 13, a matching position encoder 14, a non-matching 

length encoder 15, a non-matching string encoder 16, and an 

output buffer 17. 

35 [0039] The input buffer 11 receives data before compression 



(original data) as stored at the 1st to 34th addresses 

illustrated in FIG. 1 from outside, and temporarily stores the 

data as needed. In the example illustrated in FIG. 1, the 

original data is "compression decompression compression.". 

5 [0040] The matching string searching unit 12 searches 

whether a repeatedly appearing character string (a matching 

string) is included in a character string of the original data 

stored in the input buffer 11, and extracts a repeatedly 

appearing character string (matching string) . When a matching 

10 string is included, the matching string searching unit 12 

identifies the matching string. In the example illustrated in 

FIG. 1, for example, the character strings "compress" and 

"compression" appear a plurality of times, and therefore these 

character strings are matching strings. 

15 [0041] The matching length encoder 13 extracts the length 

of the matching string searched for and extracted by the 

matching string searching unit 12, and identifies the first 

element of (matching length, starting position of matching 

string) representing the matching string, according to Rule 1. 

20 In the example illustrated in FIG. 1, for example, the character 

string "compress" stored at the 15th to 22nd addresses of the 

original data is identical with a character string stored at 

the 1st to 8th addresses, and is formed of 8 characters. 

Accordingly, the matching length is encoded into "8". 

25 [0042] The matching position encoder 14 detects how many 

addresses a character string identical with the matching string 

that has been searched for and extracted by the matching string 

searching unit 12 precedes the matching string by, and 

identifies the second element of (matching length, starting 

30 position of matching string) representing the matching string, 

according to Rule 1. In the example illustrated in FIG. 1, for 

example, the character string "compress" stored at the 15th to 

22nd addresses of the original data is identical with the 

character string stored at the 1st to 8th addresses, and the 

35 identical character string precedes the character string 



"compress" by 14 addresses. Accordingly, the starting 

position of the matching string is encoded into "14" by the 

matching length encoder 13. 

[0043] The non-matching length encoder 15 extracts the 

5 length of a non-matching string that has not been extracted as 

a matching string by the matching string searching unit 12, and 

identifies the first element of {non-matching length, 

non-matching character string} representing the non-matching 

string, according to Rule 2. In the example illustrated in FIG. 

10 1, for example, "compression_de" stored at the 1st to 14th 

addresses is a non-matching string, and is formed of 14 

characters. Therefore, the non-matching length is encoded 

into "14" by the non-matching length encoder 15. 

[0044] The non-matching string encoder 16 extracts the 

15 non-matching string that has not been extracted as a matching 

string by the matching string searching unit 12, and identifies 

the second element of {non-matching length, non-matching 

character string} representing the non-matching string, 

according to Rule 2. In the example illustrated in FIG. 1, for 

20 example, "compression_de" stored in the positions having the 

1st to 14th addresses is a non-matching string. Therefore, the 

non-matching character string is encoded into "compression_de" 

by the non-matching length encoder 15. 

[0045] The output buffer 17 encodes original data by using 

25 the results of the matching length encoder 13, the matching 

position encoder 14, the non-matching length encoder 15, and 

the non-matching string encoder 16 so as to generate compressed 

data that is a result of compression, and temporarily stores 

the compressed data as needed. In the example illustrated in 

30 FIG. 1, for example, the character string 

"compression_decompression compression.", which is the 

original data, is encoded into "{14, compression_de}(8, 14){1, 

_} (11, 23)". 

[0046] FIG. 3 illustrates an example of a flow of a 

35 compression process performed by a data compression apparatus 



in the comparative example. 

[0047] When processing is initiated, the matching string 

searching unit 12 searches whether a matching string that Is 

a repeatedly appearing character string is included in a 

5 character string of original data in S100. When the process 

of this step is finished, the process moves on to S102. The 

character string of the original data may be a character string 

stored in the input buffer 11. 

[0048] In S102, the matching string searching unit 12 

10 determines whether a matching string has been detected. When 

the determination result is "YES", namely, when a matching 

string has been detected, the process moves on to S104. When 

the determination result is "NO", namely, when a matching string 

has not been detected, the process moves on to S112. 

15 [0049] In S104, the matching string searching unit 12 

determines whether a character string stored immediately before 

the address of the first character of the matching string 

detected in S102 is a non-matching string. When the 

determination result is "YES", namely, when the immediately 

20 preceding character string is a non-matching string, the 

process moves on to S106. When the determination result is "NO", 

namely, when the immediately preceding character string is not 

a non-matching string, the process moves on to S108. 

[0050] In S106, the non-matching length encoder 15 and the 

25 non-matching string encoder 16 encode the non-matching string 

that immediately precedes the matching string detected in S102. 

An example of encoding is illustrated in FIG. 1. When the 

process of this step is finished, the process moves on to S108. 

[0051] In S108, the matching length encoder 13 and the 

30 matching position encoder 14 encode the matching string 

detected in S102. An example of encoding is illustrated in FIG. 

1, When the process of this step is finished, the process moves 

on to S110. 

[0052] In S110, the output buffer 17 determines whether all 

35 portions of the original data to be compressed have been 
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processed. When the determination result is "YES", namely, 

when all portions of the original data have been processed, the 

compression process is finished. When the determination 

result is "NO", namely, when not all portions of the original 

5 data have been processed, the process returns to S100. 

[0053] When no matching strings have been detected in S102, 

the process moves on to S112. 

[0054] In S112, the non-matching length encoder 15 and the 

non-matching string encoder 16 respectively extract the length 

10 and the character string of the non-matching string from which 

no matching strings have been detected. Information relating 

to the length of the non-matching string and information 

relating to the character string of the non-matching string are 

temporarily stored in the non-matching length encoder 15 and 

15 the non-matching string encoder 16, respectively. These 

pieces of information are used in S106. When the process of 

this step is finished, the process returns to S100. 

[0055] FIG. 4 illustrates examples of original data and 

compressed data in the comparative example. 

20 [0056] FIG. 4 illustrates a case in which original data is 

a recurring character string. The length of a recurring 

character string is referred to as a "carton". Rules 1 and 2 

described above are also used in FIG. 6. 

[0057] In FIG. 4, P(n) (where n is an integer) represents 

25 a break between cartons. 

[0058] As an example of a case where carton = 1, FIG. 4 

illustrates a case where original data is "aaaaaaaaaab". 

[0059] In this case, "a" at the first address is a 

non-matching string, and "aaaaaaaaa" at the 2nd to 10th 

30 addresses is a matching string. 

In a case where original data is "aaaaaaaaaab", the obtained 

compressed data is "{1, a}, (9, 1), {1, b}". The second element 

"1" of "(9, 1)" representing the matching string in the 

compressed data corresponds to the carton. 

35 [0060] As an example of a case where carton = 2, FIG. 4 
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illustrates a case where original data is "abababababc". In 

this case, "ab" at the 1st and 2nd addresses is a non-matching 

string, and "abababab" at the 3rd to 10th addresses is a matching 

string. The character "c" at the 11th address is a non-matching 

5 string. The length of a recurring character string is 2, and 

therefore the 2nd to 10th addresses are divided in 2-character 

units, and the original data is divided at positions after the 

4th and the 6th addresses in such a way that the positions become 

P(1) and P(2), respectively. 

10 [0061] In a case where original data is "abababababc", the 

obtained compressed data is "{2, ab}, (10, 2), {1, c}". 

[0062] As an example of a case where carton = 3, FIG. 4 

illustrates a case where original data is "abcabcabcabcd". In 

this case, "abc" at the 1st to 3rd addresses is a non-matching 

15 string, and "abcabcabc" at the 4th to 12th addresses is a 

matching string. The character "d" at the 13th address is a 

non-matching string. 

[0063] In a case where original data is "abcabcabcabcd", the 

obtained compressed data is "{3, abc}, (9, 3), {1, d}". 

20 [0064] As an example of a case where carton = 4, FIG. 4 

illustrates a case where original data is "abcdabcdabcdabcde". 

In this case, "abed" at the 1st to 4th addresses is a non-matching 

string, and "abedabedabed" at the 5th to 16th addresses is a 

matching string. The character "e" at the 17th address is a 

25 non-matching string. 

[0065] In a case where original data is "abcdabcdabcdabcde", 

the obtained compressed data is "{4, abed}, (12, 4), {1, e}". 

[0066] As an example of a case where carton = 7, FIG. 4 

illustrates a case where original data is 

30 "abedefgabedefgabedefgh". In this case, "abedefg" at the 1st 

to 7th addresses is a non-matching string, and "abedefgabedefg" 

at the 8th to 21st addresses is a matching string. The character 

"h" at the 22nd address is a non-matching string. 

[0067] In a case where original data is 

35 "abedefgabedefgabedefgh", the obtained compressed data is "{7, 
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abcdefg}, (14, 7), {1, h}". 

[0068] As an example of a case where carton = 8, FIG. 4 

illustrates a case where original data is 

"abcdefghabcdefghabcdefghi". In this case, "abcdefgh" at the 

5 1st to 8th addresses is a non-matching string, and 

"abcdefghabcdefgh" at the 9th to 24th addresses is a matching 

string. The character "i" at the 25th address is a non-matching 

string. 

[0069] In a case where original data is 

10 "abcdefghabcdefghabcdefghi", the obtained compressed data is 

"{8, abcdefgh}, (16, 8), {1, i}". 

[0070] A process of decompressing data that has been 

compressed as a result of a process as illustrated in FIG. 3 

is now described with reference to FIG. 5. 

15 [0071] The process illustrated in FIG. 5 may be performed 

by a computer having the configuration illustrated in FIG. 15. 

A computer 100 illustrated in FIG. 15 includes a Central 

Processing Unit (CPU) 102, a memory, a Read Only Memory (ROM) 

104, and a Random Access Memory (RAM) 106. 

20 [0072] Assume that compressed data has been stored in the 

RAM 106 before processing is initiated. The decompression 

process is performed in units of a string in the compressed data. 

In the example illustrated in FIG. 1, for example, the 

compressed data "{14 , compression_de } (8 , 14) {1, } (11, 23)" is 

25 sequentially decompressed in units of a portion in brackets. 

[0073] When processing is initiated, the CPU 102 determines 

whether data being currently processed is a matching data in 

S200. When the determination result is "YES", namely, when the 

data being currently processed is a matching string, the process 

30 moves on to S202. When the determination result is "NO", namely, 

when the data being currently processed is not a matching data, 

the process moves on to S210. 

[0074] In S202, the CPU 102 reads a matching length and the 

starting position of the matching string from compressed data 

35 of the matching string. When the process of this step is 
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finished, the process moves on to S204. 

[0075] In S204, the CPU 102 determines whether a copy source 

overlaps a copy destination. 

[0076] An example in which a copy source overlaps a copy 

5 destination is now described with reference to FIGS. 6A and 6B. 

[0077] As illustrated in FIG. 6A, assume that a character 

string of original data is a character string beginning with 

a character string in which the character "a" is arranged ten 

times, "aaaaaaaaaa". This character string of the original 

10 data is compressed according to Rules 1 and 2 described above, 

as described below. 

[0078] The character string "aaa" at the 1st address is a 

non-matching string because no characters exist before this 

character string. Accordingly, "{1, a}" is extracted as a 

15 provisional non-matching string. 

[0079] In a process of the character string "aaaaaaaaa" at 

the 2nd to 9th addresses, this character string is identical 

with the character string "aaaaaaaaa" at the 1st address, and 

therefore this character string is determined to be a matching 

20 string (see S102 of FIG. 3) . It is further determined whether 

a provisional non-matching string has been stored (see S104 of 

FIG. 3) . Because the provisional non-matching string has been 

stored, the non-matching string {1, a} is encoded (S106). In 

addition, the character string "aaaaaaaaa" at the 2nd to 9th 

25 addresses is encoded. According to Rule 1 described above, the 

matching string is represented as (matching length, starting 

position of matching string) . In this case, the matching length 

is "9", which is the number of addresses from the 2nd address 

to the 9th address. The starting position of the matching 

30 string is located at the 1st address, which is an address that 

precedes the 2nd address by one, and therefore the starting 

position of the matching string is "1". Accordingly, the 

original data is encoded into "{1, a}(9, 1)", as illustrated 

in FIG. 6A. Consequently, the obtained compressed data is "{1, 

35 a } ( 9, 1)". 



[0080] FIG. 6B is a diagram explaining an outline of a process 

of decompressing the compressed data "{1, a}(9, 1)". 

[ 0081] In the decompression of the compressed data "{1, a} (9, 

1)", the portion "{1, a}" is first decompressed. As a result, 

5 the character "a" is stored at the 1st address. 

[0082] In the decompression of the next portion "(9, 1)", 

an operation of copying a character stored at an address that 

precedes each address to a position having each of the addresses 

is performed. Namely, decompression at the 3rd address 

10 includes an operation of storing a character stored at the 2nd 

address in a position having the 3rd address. Stated another 

way, before decompression is performed at the 3rd address, there 

is a wait for an operation of copying a character stored at the 

1st address to a position having the 2nd address to be finished. 

15 [0083] In the example illustrated in FIG. 1, when the portion 

"(8, 14)" in the compressed data is decompressed, 8 characters 

beginning with a character that precedes a matching string 

represented as " (8, 14) " by 14 addresses are copied to positions 

having the 15th to 22nd addresses. In this case, a copy source 

20 does not overlap a copy destination. 

[0084] As described above, in S204, the CPU 102 determines 

whether a copy source overlaps a copy destination in the 

decompression process, as illustrated in FIG. 5B, for example. 

When the determination result is "YES", namely, when the copy 

25 source overlaps the copy destination, the process moves on to 

S206. When the determination result is "NO", namely, when the 

copy source does not overlap the copy destination, the process 

moves on to S208. 

[0085] In S206, the CPU 102 copies characters having the 

30 matching length from the starting position of the matching 

string. When the process of this step is finished, the process 

moves on to S214. 

[0086] In S208, the CPU 102 copies characters having the 

matching length in order from the starting position of the 

35 matching string in such a way that the copy source does not 
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overlap the copy destination. In the example illustrated in 

FIG. 6B, one character "a" is copied from the starting position 

of the matching string. 

[0087] When it is determined in S200 that the data being 

5 currently processed is not a matching string, the process moves 

on to S210. 

[0088] In S210, the CPU 102 reads and decompresses a 

non-matching length from compressed data of a non-matching 

string according to Rule 2. When the process of this step is 

10 finished, the process moves on to S212. 

[0089] In S212, the CPU 102 reads and decompresses a 

non-matching character string from the compressed data of the 

non-matching string according to Rule 2. 

[0090] As an example, the non-matching length "14" and the 

15 non-matching character string "compressi.on_de" can be read from 

the portion " {14, compression_de} " in the compressed data " {14, 

compression_de} (8, 14)(1, }11,23)". Then, "compression de" 

is stored at the 1st to 14th addresses. When the process of 

this step is finished, the process moves on to S214. 

20 [0091] In S214, the CPU 102 determines whether all portions 

of the original data to be decompressed have been processed. 

When the determination result is "YES", namely, when all 

portions of the compressed data have been processed, the 

decompression process is finished. When the determination 

25 result is "NO", namely when not all portions of the compressed 

data have been processed, the process returns to S200. 

[0092] As described above, in the comparative example, a copy 

source may overlap a copy destination, as illustrated in FIG. 

6B, for example. In the example illustrated in FIG. 6B, copying 

30 is performed in the procedure of <step 1: copy the first byte 

to the second byte> and <step 2: copy the second byte to the 

third byte>. Before the process of step 1 is finished, the 

process of step 2 is not performed, and copying is performed 

in units of a length less than or equal to a carton, for example, 

35 in one-byte units. As described above, in order to employ 
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high-speed multi-byte copying in decompression, it is confirmed 

whether a copy source overlaps a copy destination. When the 

copy source overlaps the copy destination, a complicated 

process for performing copying in units of a length less than 

5 or equal to a carton, for example, in one-byte units, is needed. 

<Embodiments> 

[0093] In the embodiments descried below, in the LZ77 

algorithm, a matching string is divided and encoded in such a 

way that a relative position is greater than a matching length, 

10 namely, offset > length, where offset represents a relative 

position, and length represents a matching length. By 

performing compression as described above, the matching string 

is divided in such a way that a copy source does not overlap 

a copy destination, and consequently compressed data can be 

15 generated that enables high-speed decompression without 

performing conditional branch processing in decompression. 

Stated another way, in order to realize the decompression of 

compressed data in multi-byte units, a matching string 

repeatedly appearing in original data is subdivided and 

20 compressed in such a way that a copy source does not overlap 

a copy destination in decompression, and as a result compressed 

data that can be decompressed at high speed can be generated. 

[0094] The term "overlap" may mean that the last address of 

a copy source character string is located in a backward 

25 direction from the first address of a copy destination character 

string. 

[0095] FIG. 7 is an exemplary functional block diagram of 

a compression apparatus that compresses original data so as to 

generate compressed data. 

30 [0096] A compression apparatus 20 includes an input buffer 

21, a matching string searching unit 22, a matching length 

encoder 23, a matching position encoder 24, a non-matching 

length encoder 25, a non-matching string encoder 26, an output 

buffer 27, and a matching string dividing unit 28. The 

35 compression apparatus 20 is different from the compression 
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apparatus 10 in the comparative example in that the matching 

string dividing unit 28 is included. 

[0097] The input buffer 21 receives, for example, data before 

compression (original data) from outside, and temporarily 

5 stores the original data, as needed. 

[0098] The matching string searching unit 22 searches 

whether a repeatedly appearing character string (a matching 

string) is included in a character string of original data 

stored in the input buffer 11, and extracts a matching string. 

10 When a matching string is included, the matching string 

searching unit 22 identifies the matching string. In the 

example illustrated in FIG. 1, for example, the character 

strings "compress" and "compression" appear a plurality of 

times, and therefore these character strings are matching 

15 strings. 

[0099] As described above, the matching string searching 

unit 22 extracts, as a matching string, a second character 

string identical with the first character string from a 

character string after the first character string in a character 

20 string of data before compression, and identifies the length 

of the matching string, and a relative position indicating how 

many addresses the first character string precedes the second 

character string by. 

Then, the matching string dividing unit 28 divides the 

25 matching string in such a way that the relative position is 

greater than or equal to the matching length, namely, offset 

> length. 

[0100] As described above, the matching string dividing unit 

28 extracts a third character string that has a length less than 

30 the relative position from the second character string 

extracted by the matching string searching unit. 

[0101] Assume as an example that original data is 

"aaaaaaaaaab". In this example, the character "a" is stored 

at each of the 1st to 10th addresses, and the character "b" is 

35 stored at the 11th address. 



[0102] As an example, the character string "aaaaaaaaa" (nine 

"a"s) at the 2nd to 10th addresses of the character string 

"aaaaaaaaaab" of original data can be divided into "a" + "aa" 

+ "aaaa" + "aa", as illustrated in FIG. 14. In other words, 

5 the character string "aaaaaaaaa" is divided at positions P(l) , 

P(3), and P(7), namely, P(2m- 1), in FIG. 4. As a result of 

this, the matching string "a" at the 2nd address of the original 

data "aaaaaaaaaab" has a matching length (length) of 1 and a 

relative position (offset) of 1, and therefore offset > length 

10 is established. The matching string "aa" at the 3rd to 4th 

addresses has a matching length (length) of 2 and a relative 

position (offset) of 2, and therefore offset > length is 

established. The matching string "aaaa" at the 5th to 8th 

addresses has a matching length (length) of 4 and a relative 

15 position (offset) of 4, and therefore offset > length is 

established. 

[0103] As another example, the character string "aaaaaaaaa" 

(nine "a"s) at the 2nd to 10th addresses of the character string 

"aaaaaaaaaab" of the original data can be divided into "a" + 

20 "a" + "aa" + "aaaaaa", as illustrated in FIG. 14. In other 

words, the character string "aaaaaaaaa" is divided at positions 

P(l), P (2) , and P(4), namely, P(n + 2), P(n H- 4), ..., P(n -S-

2m) , where n = (matching length string + carton - 1) -r carton, 

in FIG. 4. As a result of this, the matching string "a" at the 

25 2nd address of the original data "aaaaaaaaaab" has a matching 

length (length) of 1 and a relative position (offset) of 1, and 

therefore offset > length is established. The matching string 

"a" at the 3rd address has a matching length (length) of 1 and 

a relative position (offset) of 2, and therefore offset > length 

30 is established. The matching string "aa" at the 3rd to 5th 

addresses has a matching length (length) of 2 and a relative 

position (offset) of 3, and therefore offset > length is 

established. The matching string "aaaaa" at the 6th to 10th 

addresses has a matching length (length) of 5 and a relative 

35 position (offset) of 5, and therefore offset > length is 
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established. 

[0104] The matching length encoder 23 and the matching 

position encoder 24 respectively encode the first element and 

the second element of (matching length, starting position of 

5 matching string) representing each of the matching strings 

obtained by the matching string dividing unit 28, according to 

Rule 1. 

[0105] As an example, when the character string "aaaaaaaaaa" 

(nine "a"s) at the 2nd to 10th addresses of the character string 

10 "aaaaaaaaaab" of the original data is divided into "a" + "aa" 

+ "aaaa" + "aa", as illustrated in FIG. 14, the matching string 

is encoded into "(1, 1)(2, 2)(4, 4)(2, 8)". 

[0106] As another example, when the matching string 

"aaaaaaaaa" (nine "a"s) at the 2nd to 10th addresses of the 

15 character string "aaaaaaaaaab" of the original data is divided 

into "a" + "a" + "aa" + "aaaaaa", as illustrated in FIG. 15, 

the matching string is encoded into " (1, 1) (1, 2) (2, 3) (5, 5) ". 

[0107] The non-matching length encoder 25 extracts the 

length of a non-matching string that has not been extracted as 

20 a matching string by the matching string searching unit 22, and 

encodes the first element of {non-matching length, non-matching 

character string} representing the non-matching string, 

according to Rule 2. 

[0108] The non-matching string encoder 26 extracts a 

25 non-matching string that has not been extracted as a matching 

string by the matching string searching unit 22, and encodes 

the second element of {non-matching length, non-matching 

character string} representing the non-matching string, 

according to Rule 2. 

30 [0109] The output buffer 27 encodes the original data by 

using results of the matching length encoder 23, the matching 

position encoder 24, the non-matching length encoder 25, and 

the non-matching string encoder 26 so as to generate compressed 

data as a result of compression, and temporarily stores the 

35 compressed data, as needed. 
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[0110] FIG. 15 illustrates an example of a configuration of 

a data compression apparatus 200 according to the embodiments. 

[0111] A computer 100 includes a Central Processing Unit 

(CPU) 102, a Read Only Memory (ROM) 104, and a Random Access 

5 Memory (RAM) 106. The computer 500 further includes a hard disk 

drive 108, an input device 110, a display 112, an interface 

device 114, and a recording medium driving device 116. These 

components are connected to each other via a bus line 120, and 

can communicate various pieces of data under the control of the 

10 CPU 102. 

[0112] The Central Processing Unit (CPU) 102 is a computing 

device that controls the action of the entirety of the computer 

100, and functions as a control processing unit of the computer 

100. 

15 [0113] The Read Only Memory (ROM) 104 is a read-only 

semiconductor memory in which a prescribed basic control 

program has been stored. The CPU 102 can control the actions 

of the respective components of the computer 100 by reading and 

executing the basic control program at the time of initiation 

20 of the computer 100. 

[0114] The Random Access Memory (RAM) 106 is a non-transitory 

writable/readable semiconductor memory that is used for a 

working storage area as needed when the CPU 102 executes various 

control programs. 

25 [0115] The hard disk drive 108 is a storage in which the 

various control programs executed by the CPU 102 or various 

pieces of data are stored. An MPU 502 can perform the various 

control processes described later by reading and executing a 

prescribed control program stored in the hard disk drive 108. 

30 [0116] The input device 110 is, for example, a mouse device 

or a keyboard device. When the input device 110 is operated 

by a user of an information processing device, the input device 

110 obtains the input of various pieces of information 

associated with the content of the operation, and transmits the 

35 obtained input information to the CPU 102. 



[0117] The display 512 is, for example, a liquid crystal 

display, and displays various texts or images according to 

display data transmitted from the MPU 502. 

[0118] The interface device 114 manages communication of 

5 various pieces of information between various devices connected 

to the computer 100. 

[0119] The recording medium driving device 116 is a device 

that reads various control programs or data recorded in a 

removable recording medium 118. The CPU 102 can be configured 

10 to perform the various control processes described later by 

reading and executing a prescribed control program recorded in 

the removable recording medium 118 via the recording medium 

driving device 116. Examples of the removable recording medium 

118 include a flash memory equipped with a connector of the USB 

15 (Universal Serial Bus) standard, a CD-ROM (Compact Disc Read 

Only Memory), and a DVD-ROM (Digital Versatile Disc Read Only 

Memory). 

[0120] In order to configure an information processing 

device by using the computer 100 having the configuration above, 

20 a control program for causing the CPU 102 to perform the 

processes of the above respective processing units is generated, 

for example. The generated control program has been stored in 

the hard disk drive 108 or the removable recording medium 118. 

The CPU 102 is given a prescribed instruction so as to read and 

25 execute the control program. By doing this, functions that the 

information processing device has are provided by the CPU 102. 

[0121] FIG. 8 illustrates an example of a flow of a 

compression process performed by the data compression apparatus 

20 according to the embodiments. 

30 [0122] In a case in which the data compression apparatus 20 

is a general-purpose computer 100 as illustrated in FIG. 15, 

the description below defines a control program for performing 

the process described below. In other words, the description 

below is also the description of a control program for causing 

35 a general-purpose computer to perform the process described 
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below. 

[0123] When processing is initiated, the matching string 

searching unit 22 searches whether a matching string that is 

a repeatedly appearing character string is included in a 

5 character string of original data in S300. When the process 

of this step is finished, the process moves on to S302. The 

character string of the original data may be a character string 

stored in the input buffer 21. 

[0124] In S302, the matching string searching unit 22 

10 determines whether a matching string has been detected. When 

the determination result is "YES", namely, when a matching 

string has been detected, the process moves on to S304. When 

the determination result is "NO", namely, when a matching string 

has not been detected, the process moves on to S306. 

15 [0125] In S304, the non-matching length encoder 25 and the 

non-matching string encoder 26 respectively extract the length 

and the character string of a non-matching string in which the 

matching string has not been detected. Then, information 

relating to the length of the non-matching string and 

20 information relating to the character string of the 

non-matching string is temporarily stored in the non-matching 

length encoder 25 and the non-matching string encoder 26, 

respectively. These items of information are used in S106. 

When the process of this step is finished, the process returns 

25 to S100. 

[0126] When a matching string has not been detected in S302, 

the process moves on to S306. 

[0127] In S306, the matching string dividing unit 28 detects 

the length of the matching string, namely, a matching length, 

30 and the number of addresses by which a character string 

identical with the matching string precedes the matching string, 

namely, a relative position. In S306, the matching string 

dividing unit 28 divides the matching string in such a way that 

the relative position is greater than or equal to the matching 

35 length, namely, relative position (offset) > matching length 
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(length). 

[0128] When the relative position is greater than or equal 

to the matching length, namely, relative position (offset) > 

matching length (length) is established, the process of this 

5 step is not performed. 

[0129] In S308, the matching string dividing unit 28 

determines whether a character string located immediately 

before the address of the first character of the divided 

matching string is a non-matching string. When the 

10 determination result is "YES", namely, when the immediately 

preceding character string is a non-matching string, the 

process moves on to S310. When the determination result is "NO", 

namely, when the immediately preceding character string is not 

a non-matching string, the process moves on to S312. 

15 [0130] In S310, the non-matching length encoder 25 and the 

non-matching string encoder 26 encode the non-matching string 

immediately before the matching string divided as needed in S30 6. 

When the process of this step is finished, the process moves 

on to S312. 

20 [0131] In S312, the matching length encoder 23 and the 

matching position encoder 24 encode the matching string divided 

as needed in S306. When the process of this step is finished, 

the process moves on to S314. 

[0132] In S314, the output buffer 27 determines whether all 

25 portions of original data to be compressed have been processed. 

When the determination result is "YES", namely, when all 

portions of original data have been processed, the compression 

process is terminated. When the determination result is "NO", 

namely, when not all portions of original data have been 

30 processed, the process returns to S300. 

[0133] A process of decompressing data compressed as a result 

of a process as illustrated in FIG. 8 is now described with 

reference to FIG. 9. 

[0134] The process illustrated in FIG. 9 may be performed, 

35 for example, by a computer having the configuration i llustrated 
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in FIG. 15. 

[0135] Assume that compressed data has been stored in the 

RAM 106 before processing is initiated. 

[0136] When processing is initiated, the CPU 102 determines 

5 whether data being currently processed is a matching string in 

S400. When the determination result is "YES", namely, when the 

data being currently processed is a matching string, the process 

moves on to S402. When the determination result is "NO", namely, 

when the data being currently processed is not a matching string, 

10 the process moves on to S406. 

[0137] In S402, the CPU 102 reads a matching length and a 

starting position of the matching string from compressed data 

of the matching string according to Rule 1. When the process 

of this step is finished, the process moves on to S404. 

15 [0138] In S404, the CPU 102 copies a character string having 

the matching length from the starting position of the matching 

string. When the process of this step is finished, the process 

moves on to S410. 

[0139] When it is determined in S400 that the data being 

20 currently processed is not a matching string, the process moves 

on to S406. 

[0140] In S406, the CPU 102 reads and decompresses a 

non-matching length from compressed data of a non-matching 

string according to Rule 2. When the process of this step is 

25 finished, the process moves on to S408. 

[0141] In S408, the CPU 102 reads and decompresses a 

non-matching character string from the compressed data of the 

non-matching string according to Rule 2. 

[0142] When the process of this step is finished, the process 

30 moves on to S410. 

[0143] In S410, the CPU 102 determines whether all portions 

of original data to be decompressed have been processed. When 

the determination result is "YES", namely, when all portions 

of compressed data have been processed, the decompression 

35 process is terminated. When the determination result is "NO", 
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namely, when not all portions of compressed data have been 

processed, the process returns to S400. 

[0144] As described above, the process of decompressing data 

compressed as a result of the process as illustrated in FIG. 

5 8 is simplified, compared with the decompression process 

illustrated in FIG. 4, and this allows a high-speed process. 

<Examples> 

[0145] Overlapping of a copy source and a copy destination 

occurs in a recurring character string in which one of one 

10 character, a two-character string, a three-character string, 

or the like is repeated. Assume that, in the LZ77 algorithm, 

a matching string is searched for, and a relative position 

(offset) and a matching length (length) are obtained. When 

offset < length is established, the copy source overlaps the 

15 copy destination, and therefore the matching string is divided 

and encoded. Division does not always need to be performed when 

offset < length is established; a minimum distance of an 

overlapping portion may be specified in advance as X, and 

division may be performed only when offset < X is established. 

20 [0146] Several methods of division are considered. The 

following cases are described below. 

(Exl) Perform division at P (1) , P(3), P(7), ..., P(2m-1) (where 

(2m - 1) < n) . 

(Ex2) Perform division at P(n v 2), P(n + 4), P(n + 8), ..., 

25 P (n + 2m) ) (where n + 2m > 1) , where n = matching length + carton 

- 1) + carton. 

(Ex3) Specify a minimum distance X of an overlapping portion 

and a minimum value N of a matching length, and perform division 

at P(l), P(1 + 2), P(1 + 2 + 4), ..., P (2m - 1) (where (2m -

30 1) < n). 

(Ex4) Set a minimum value of a matching length as N, perform 

adjustment in such a way that one set of recurrence is greater 

than or equal to N, and perform the above divisions (Exl) to 

(Ex3). 

35 [0147] (Exl) to (Ex3) described above are described below. 
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[0148] FIG. 10 illustrates an example of a flow of a 

compression process performed by a data compression apparatus 

in examples. 

[0149] In a case in which the data compression apparatus 20 

5 is a general-purpose computer 100 as illustrated in FIG. 15, 

the description below defines a control program for performing 

the process described below. In other words, the description 

below is also the description of a control program for causing 

a general-purpose computer to perform the process described 

10 below. 

[0150] When processing is initiated, the input buffer 21 

resets a current address position p_cur and a non-matching 

length n_len in S500. Assume for example that p_cur = 0, and 

n_len = 0. When the process of this step is finished, the 

15 process moves on to S502. 

[0151] In S502, the matching string searching unit 22 

searches for a matching string. Specifically, a matching 

length (len) and a relative position (offset) are obtained. 

When the process of this step is finished, the process moves 

20 on to S504. 

[0152] In S504, the matching string searching unit 22 

determines whether a matching string has been detected. When 

the determination result is "YES", namely, when a matching 

string has been detected, the process moves on to S506. When 

25 the determination result is "NO", namely, when a matching string 

has not been detected, the process moves on to S532. 

[0153] In S506, the matching string searching unit 22 updates 

the current address position p_cur and the non-matching length 

n_len. As an example, the current address position p_cur and 

30 the non-matching length n_len are respectively incremented by 

1. 

[0154] In S506, a head position adjusting process is 

performed. 

[0155] The head position adjusting process is described with 

35 reference to FIG. 11. Assume that a minimum value N of a 
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matching length has been specified in this process. 

[0156] When processing is initiated, the matching string 

searching unit 22 substitutes the relative position (offset) 

for a variable i in S600. When the process of this step is 

5 finished, the process moves on to S602. 

[0157] In S602, the matching string searching unit 22 

determines whether the variable i is greater than or equal to 

the minimum value N of the matching length. When the 

determination result is "YES", namely, when the variable i is 

10 greater than or equal to the minimum value N of the matching 

length, the process moves on to S606. When the determination 

result is "NO", namely, when the variable i is not greater than 

or equal to the minimum value N of the matching length, the 

process moves on to S604. 

15 [0158] In S606, the matching string searching unit 22 adds 

a value of (i - offset) to the non-matching length n len, and 

also adds a value of (i - offset) to the current address position 

p_cur. Further, the matching string searching unit 22 

subtracts the value of (i - offset) from the matching length 

20 len of the matching string. When the process of this step is 

finished, the head position adjusting process is terminated. 

[0159] In S604, the matching string searching unit 22 adds 

a value of offset to the variable i. 

[0160] Returning now to FIG. 10, in S508 that follows S506, 

25 the matching string dividing unit 28 performs a matching string 

dividing process. 

[0161] The matching string dividing process is described 

with reference to FIGS. 12A and 12B. 

[0162] FIG. 12A illustrates a process in a case in which 

30 division is performed atP(l), P (3) , P (7 ) , ..., P(2m-1) (where 

(2m - 1) < n) , as in Exl described above. 

[0163] When processing is initiated, the matching string 

dividing unit 2 8 resets a value of the last number e_num of a 

divided matching string, and substitutes a value of the matching 

35 length len of the matching string for a variable len2 of the 
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matching length of the matching string in S700. When the 

process of this step is finished, the process moves on to S702. 

[0164] In S702, the matching string dividing unit 28 

determines whether offset > X or offset > len2 is established. 

5 When the determination result is "YES", namely, when offset > 

X or offset > len2 is established, the process moves on to S704. 

When the determination result is "NO", namely, when offset ̂  

X and offset ̂  len2 are established, the process moves on to 

S706. 

10 [0165] In S704, the matching string dividing unit 28 

substitutes a value of offset for A_offset[e_num], which is a 

matching position of the divided matching string, and also 

substitutes a value of len2 for A_len[e_num], which is a 

matching length of the divided matching string. When the 

15 process of this step is finished, the process moves on to S706. 

[0166] In S706, the matching string dividing unit 28 

substitutes the value of offset for A__offset [e_num] , which is 

the matching position of the divided matching string, and also 

substitutes the value of len2 for A_len[e num], which is the 

20 matching length of the divided matching string. The matching 

string dividing unit 28 further updates the value of e_num. As 

an example, the value of e_num is incremented by 1. The value 

of offset is subtracted from the value of len2, and the value 

of offset is updated. The value of offset is updated, for 

25 example, by doubling the value. When the process of this step 

is finished, the process returns to S702. 

[0167] FIG. 12B illustrates a process in a case in which 

division is performed at P(n + 2), P (n -r 4 ) , P(n + 8), ..., P(n 

-r 2ra)) (where n -r 2m > 1), where n = (matching length + carton 

30 - 1) -r relative position, as in Ex2 described above. 

[0168] When processing is initiated, the matching string 

dividing unit 28 calculates n = (len + carton - 1) + offset, 

where len represents a matching length, and offset represents 

a relative position, inS800. The matching string dividing unit 

35 28 further resets a dummy variable i, and sets i to 0. When 
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the process of this step is finished, the process moves on to 

S802. 

[0169] In S804, the matching string dividing unit 28 updates 

a value of n. As an example, the value is halved. Further, 

5 the value of n is substituted for a division position P (i) , and 

a value of the dummy variable i is incremented by 1. When the 

process of this step is finished, the process returns to S802. 

[0170] In S806, the matching string dividing unit 28 resets 

the variable len2 of the matching length of the matching string, 

10 and the value of e num, which is the last number of the divided 

matching string. Namely, len2 is set to 0, and e num is set 

to 0. When the process of this step is finished, the process 

moves on to S808. 

[0171] In S808, the matching string dividing unit 28 

15 determines whether the value of the dummy variable i is less 

than 1. When the determination result is "YES", namely, when 

the value of the dummy variable i is less than 1, the process 

moves on to S810. When the determination result is "NO", namely, 

when the value of the dummy variable i is greater than or equal 

20 to 1, the process moves on to S812. 

[0172] In S810, the matching string dividing unit 28 

substitutes a value of (len - len2) for A len[e num], which is 

the matching length of the divided matching string. The 

matching string dividing unit 28 also substitutes a value of 

25 (P (0) + 1) x offset for A_offset[enum], which is the matching 

position of the divided matching string. When the process of 

this step is finished, the matching string dividing process is 

terminated. 

[0173] In S812, the matching string dividing unit 28 

30 decrements the value of the dummy variable i by 1. Further, 

the matching string dividing unit 28 substitutes P(i) x offset, 

which is the product of the division position P(i) and the 

relative position offset, for a dummy variable tmp, and also 

substitutes the dummy variable tmp for A_len[e_num] , which is 

35 the matching length of the divided matching string, and 
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A_offset[e_num], which is the matching position of the divided 

matching string. The matching string dividing unit 28 adds the 

value of tmp to the value of len2, and increments the value of 

e_num by 1. When the process of this step is finished, the 

5 process returns to S808. 

[0174] Returning now to FIG. 10, in S510, the matching string 

dividing unit 28 resets f_num, which is the first number of the 

divided matching string, and n_len2, which is a non-matching 

length of the divided matching string. Stated another way, 

10 f_num is set to 0, and n_len2 is set to 0. When the process 

of this step is finished, the process moves on to S512. 

[0175] InS512, the matching string dividing unit 28 performs 

a matching length adjusting process. 

[0176] The matching length adjusting process is described 

15 with reference to FIG. 13. 

[0177] When processing is initiated, the matching string 

dividing unit 28 determines in S900 whether A_offset[f_num], 

which is the matching position of the divided matching string, 

is greater than or equal to a minimum value N of the matching 

20 length. When the determination result is "YES", namely, when 

A_offset [f_num] , which is the matching position of the divided 

matching string, is greater than or equal to the minimum value 

N of the matching length, the process moves on to S904. When 

the determination result is "NO", namely, when A_off set [ f_num] , 

25 which is the matching position of the divided matching string, 

is less than the minimum value N of the matching length, the 

process moves on to S902. 

[0178] In S902, the matching string dividing unit 28 adds 

a value of A_offset[f_num] to a value of n_len, which is a 

30 non-matching length of the divided matching string. Further, 

the matching string dividing unit 28 increments the value of 

f_num by 1. When the process of this step is finished, the 

process returns to S900. 

[0179] The first divided string is adjusted in the processes 

35 of S900 and S902. 



[0180] In S904, the matching string dividing unit 28 

determines whether A len [e num-1] , which is the matching length 

of the divided matching string, is greater than or equal to the 

minimum value N of the matching length, or whether the value 

5 of e num is less than the value of f num. When the determination 

result is "YES", namely, when A len[e num-1], which is the 

matching length of the divided matching string, is greater than 

or equal to the minimum value N of the matching length, or the 

value of e num is less than the value of f num, the matching 

10 length adjusting process is finished. When the determination 

result is "NO", namely, when A offset[e num-1], which is the 

matching position of the divided matching string, is less than 

the minimum value N of the matching length, and the value of 

e_num is greater than or equal to the value of f num, the process 

15 moves on to S906. 

[0181] In S906, the matching string dividing unit 28 adds 

a value of A Ien[e num-1], which is the matching length of the 

divided matching string, to a value of n_len2, which is the 

non-matching length of the divided matching string, and 

20 decrements the value of e num by 1. 

Returning now to FIG. 10, in S514, the matching string 

dividing unit 28 determines whether the non-matching length 

nlen is 0. When the determination result is "YES", namely, 

when the non-matching length n len is 0, the process moves on 

25 to S518. When the determination result is "NO", namely, when 

the non-matching length n len is not 0, the process moves on 

to S516. 

[0182] In S516, the non-matching length encoder 25 and the 

non-matching string encoder 26 encode a non-matching string. 

30 Namely, a non-matching length n len and non-compressed data 

InBuf[(p cur-n len), ..., (p cur-1)] are encoded. When the 

process of this step is finished, the process moves on to S518. 

[0183] In S518, the matching string dividing unit 28 

determines whether f num, which is the first address number of 

35 the divided matching string, is greater than e num, which is 
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the last address number of the divided matching string. When 

the determination result is "YES", namely, when f_num > e_num 

is established, the process moves on to S520. When the 

determination result is "NO", namely, when f_num ̂  e_num is 

5 established, the process moves on to S524. 

[0184] In S524, the matching length encoder 23 and the 

matching position encoder 24 encode a matching string. Stated 

another way, A_len[f_num], which is a matching length of a 

matching string, and A_offset[f_num] are encoded. When the 

10 process of this step is finished, the process moves on to S526. 

[0185] In S526, the matching length encoder 23 and the 

matching position encoder 24 increment a value of f_num, which 

is the first address number of the divided matching string, by 

1. When the process of this step is finished, the process 

15 returns to S518. 

[0186] In S520, the matching string dividing unit 28 

substitutes a value of n_len2, which is the non-matching length 

of the divided matching string, for the non-matching length 

n len, and adds a value of the matching length len to the current 

20 position p_cur. When the process of this step is finished, the 

process moves on to S522. 

[0187] In S522, the output buffer 27 determines whether all 

portions of original data to be compressed have been processed. 

When the determination result is "YES", namely, when all 

25 portions of original data have been processed, the process moves 

on to S524. When the determination result is "NO", namely, when 

not all portions of original data have been processed, the 

process returns to S502. 

[0188] In S524, the matching string dividing unit 28 

30 determines whether the non-matching length n_len is 0. When 

the determination result is "YES", namely, when the 

non-matching length n_len is 0, the process is finished. When 

the determination result is "NO", namely, when the non-matching 

length n_len is not 0, the process moves on to S526. 

35 [0189] In S526, the non-matching length encoder 25 and the 



non-matching string encoder 2 6 encode a non-matching string. 

In other words, the non-matching length n_len and the 

non-compressed data InBuf [ (p cur-r. len), ..., (p cur-1)] are 

encoded. When the process of this step is finished, the process 

5 is finished. 

[0190] According to the compression apparatus 20 and the 

above compression method, in the LZ77 algorithm, when offset 

< length is established, where offset and length respectively 

represent a relative position and a matching length of a 

10 matching string, a copy source overlaps a copy destination, and 

therefore the matching string is divided and encoded. 

[0191] Further, a minimum distance of an overlapping portion 

may be specified in advance as X, and division may be performed 

only when offset < X is established. 

15 [0192] Overlapping of the copy source and the copy 

destination occurs in a recurring character string in which one 

of one character, a two-character string, a three-character 

string, . . ., is repeated. The length of one set of recurrence 

coincides with a relative position (relative distance) between 

20 the copy source and the copy destination. The first set is 

encoded by using another code, and overlapping occurs in the 

second set of recurrence and the sets that follow. 

[0193] Accordingly, the copy source is prevented from 

overlapping the copy destination by dividing a matching 

25 character string at some or all of positions P (1) = carton, P(2) 

= carton * 2, ..., P(n) = carton * n (where P(n) is less than 

length), where carton represents the length of one set of 

recurrence, from the head of the matching character string. 

[0194] An example in which division is performed at P(l), 

30 P (3) , P (7 ) , ..., and P (2m - 1) (where (2m - 1) < n) , and an example 

in which division is performed at P (n -r 2) , P(n + 4), P(n + 8), ..., 

and P(n + 2m) ) (where n + 2m > 1), where n = (matching length 

+ carton - 1) * carton, are illustrated in FIGS. 14 and 15, 

respectively. In addition, a minimum value N of the matching 

35 length may be specified in advance, and a portion in which the 
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matching length is less than or equal to N as a result of the 

division of the matching character string may be dealt with as 

a non-matching string. 

[0195] FIG. 16 illustrates a case in which a minimum distance 

5 X of an overlapping portion and a minimum value N of a matching 

length are specified, and minimum distance X of overlapping 

portion = 8, and minimum value N of matching length = 3 in an 

example in which division is performed at P(l), P(1 + 2), P(1 

+2+4), ..., P(2m-1) (where (2m - 1) < n). In this case, 

10 a portion in which the matching length is less than or equal 

to N as a result of the division of a matching character string 

is dealt with as a non-matching string. 

[0196] When the minimum value of the matching length is N, 

one set of recurrence may be adjusted so as to be less than or 

15 equal to N, and the above division may be performed. 

Specifically, when relative position offset < N is established, 

the head position of a matching string may be moved in a backward 

direction by a maximum length of offset * i in such a way that 

N < offset x i (where i is an integer value). 

20 [0197] As an example, FIG. 17 illustrates an example in which, 

when minimum value N of matching length = 3 is established, one 

set of recurrence is adjusted so as to be less than or equal 

to N, and division is performed at P(l), P(1 + 2), P(1 + 2 + 

4), ..., and P(2m - 1) (where (2m - 1) < n). 

25 [0198] Division whereby a code amount is minimized may be 

selected from among division at all of the positions P(l), 

P(2), ..., P(n), and divisions illustrated in FIGS. 14-17. 

<<Example 1 (Exl)>> 

[0199] FIG. 14 illustrates an example of division at P(l), 

30 P(3), P(7), ..., and P(2m - 1) (where (2m - 1) < n). 

[0200] As an example of a case where carton = 1, FIG. 14 

illustrates a case where original data is "aaaaaaaaaab". 

[0201] In this case, "a" at the 1st address is a non-matching 

string, and "aaaaaaaaa" at the 2nd to 10th addresses is a 

35 matching string. The character "b" at the 11th address is a 
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non-matching string. The matching string "aaaaaaaaa" at the 

2nd to 10th addresses is divided at portions after the first, 

third, and seventh characters. In other words, the matching 

string "aaaaaaaaa" is divided into " 'a' + 'aa' + 'aaaa' + 

5 remainder". 

[0202] When original data is "aaaaaaaaaab", the obtained 

compressed data is "{1, a}(1, 1)(2, 2)(4, 4)(2, 8){1, b}". 

[0203] As an example of a case where carton = 2, FIG. 14 

illustrates a case where original data is "ababababac" . In this 

10 case, "ab" at the 1st to 2nd addresses is a non-matching string, 

and "abababa" at the 3rd to 10th addresses is a matching string. 

The character "c" at the 11th address is a non-matching string, 

"abababa" at the 3rd to 9th addresses is divided at portions 

after the first and third cartons . In other words, the matching 

15 string "abababab" is divided into "'ab' + 'abab' + remainder". 

[0204] When original data is "ababababac", the obtained 

compressed data is "{2, ab}, (2, 2) (4, 4) (3, 8} {1, c}". 

[0205] As an example of a case where carton = 3, FIG. 14 

illustrates a case where original data is "abcabcabcabd". In 

20 this case, "abc" at the 1st to 3rd addresses is a non-matching 

string, and "abcabcab" at the 4th to 11th addresses is a matching 

string. The character "d" at the 12th address is a non-matching 

string, "abcabcab" at the 4th to 11th addresses is divided at 

a position after the first carton. In other words, the matching 

25 string "abcabcabc" is divided into "'abc' + remainder". 

[0206] When original data is "abcabcabcabd", the obtained 

compressed data is "{3, abc}(3, 3)(5, 6){1, d}". 

[0207] As an example of a case where carton = 4, FIG. 14 

illustrates a case where original data is "abcdabcdabcdabce". 

30 In this case, "abed" at the 1st to 4th addresses is a non-matching 

string, and "abedabedabed" at the 5th to 15th addresses is a 

matching string. The character "e" at the 17th address is a 

non-matching string. "abedabedabe" at the 5th to 15th 

addresses is divided at a position after the first carton. In 

35 other words, the matching string "abedabedabe" is divided into 
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"^abcd' + remainder". 

[0208] When original data is "abcdabcdabcdabcde", the 

obtained compressed data is "{4, abed}(4, 4)(7, 8){1, e}". 

[0209] As an example of a case where carton = 7, FIG. 14 

5 illustrates a case where original data is 

"abedefgabedefgabedefh". In this case, "abedefg" at the 1st 

to 7th addresses is a non-matching string, and "abedefgabedef" 

at the 8th to 20th addresses is a matching string. The character 

"h" at the 21th address is a non-matching string. 

10 "abedefgabedef" at the 8th to 20th addresses is divided at a 

position after the first carton. In other words, the matching 

string "abedefgabedef" is divided into " ̂abedefg' + remainder". 

[0210] When original data is "abedefgabedefgabedefh", the 

obtained compressed data is "{7, abedefg} (7, 7) (6, 14) {1, h}". 

15 [0211] As an example of a case where carton = 8, FIG. 14 

illustrates a case where original data is 

"abedefghabcdefghabcdefgi". In this case, "abedefgh" at the 

1st to 8th addresses is a non-matching string, and 

"abedefghabedefg" at the 9th to 24th addresses is a matching 

20 string. The character "i" at the 25th address is a non-matching 

string. "abedefghabedefg" at the 9th to 23rd addresses is 

divided at a position after the first carton. In other words, 

the matching string "abedefghabedefg" is divided into 

"^abedefgh' + remainder". 

25 [0212] When original data is "abedefghabedefghabedefgi", 

the obtained compressed data is "{8, abedefgh} (8, 8) (7, 16) {1, 

i}". 

<<Example 2 (Ex2)>> 

[0213] FIG. 15 illustrates an example in which division is 

30 performed at P(n -r 2), P(n 4- 4), P (n -r 8), ..., and P(n 2m) ) 

(where n -f 2m > 1) , where n = (matching length + carton - 1) 

+ carton. 

[0214] As an example of a case where carton = 1, FIG. 15 

illustrates a case where original data is "aaaaaaaaaab". 

35 [0215] The matching string "aaaaaaaaa" at the 2nd to 10th 



addresses is divided. In this case, n= (9+1-1) : 1 - 9 

is established, and therefore division is performed at P(4), 

P(2), andP(l). In other words, the matching string "aaaaaaaaa" 

is divided into "xa' + ya' + 'aa' + remainder". 

5 [0216] When original data is "aaaaaaaaaab", the obtained 

compressed data is "{1, a}(1, 1)(1, 2)(2, 3)(5, 5){1, b}". 

[0217] As an example of a case where carton = 2, FIG. 15 

illustrates a case where original data is "ababababababc". In 

this case, "ab" at the 1st to 2nd addresses is a non-matching 

10 string, and "ababababa" at the 3rd to 11th addresses is a 

matching string. The character "c" at the 12th address is a 

non-matching string. In this case, n = (9 + 2-1) ̂ 2 = 5 is 

established, and therefore division is performed at P(2) and 

P(l). In other words, the matching string "ababababab" is 

15 divided into "'ab' + 'ab' + remainder". 

[0218] When original data is "ababababababc", the obtained 

compressed data is "{2, ab}, (2, 2) (2, 4) (5, 4) {1, c}". 

[0219] As an example of a case where carton = 3, FIG. 15 

illustrates a case where original data is "abcabcabcabd". In 

20 this case, "abc" at the 1st to 3rd addresses is a non-matching 

string, and "abcabcab" at the 4th to 11th addresses is a matching 

string. The character "d" at the 12th address is a non-matching 

string. In this case, n = (8 + 3-1) + 3 = 3 is established, 

and therefore division is performed at P(l) . In other words, 

25 the matching string "abcabcab" is divided into "'abc' + 

remainder". 

[0220] When original data is "abcabcabcabd", the obtained 

compressed data is "{3, abc}(3, 3)(5, 6){1, d}". 

[0221] As an example of a case where carton = 4, FIG. 15 

30 illustrates a case where original data is "abcdabcdabcdabce". 

In this case, "abed" at the 1st to 4th addresses is a non-matching 

string, and "abedabedabe" at the 5th to 15th addresses is a 

matching string. The character "e" at the 16th address is a 

non-matching string. In this case, n = (11 +4-1) +4=3 

35 is established, and therefore division is performed at P(l). 



In other words, the matching string "abedabedabe" is divided 

into "'abed' + remainder". 

[0222] When original data is "abcdabcdabcdabce", the 

obtained compressed data is "{4, abed}(4, 4)(7, 8){1, e}". 

5 [0223] As an example of a case where carton = 7, FIG. 15 

illustrates a case where original data is 

"abedefgabedefgabedefh". In this case, n = (11 + 7-1) +7 

= 2 is established, and therefore the matching string 

"abedefgabedef" is divided into "'abedefg' + remainder". 

10 [0224] When original data is "abedefgabedefgabedefh", the 

obtained compressed data is "{7, abedefg} (7, 7) (6, 14) {1, h}". 

[0225] As an example of a case where carton = 8, FIG. 15 

illustrates a case where original data is 

"abedefghabcdefghabcdefgi". In this case, "abedefgh" at the 

15 1st to 8th addresses is a non-matching string, and 

"abedefghabedefg" at the 9th to 23rd addresses is a matching 

string. The character "i" at the 24th address is a non-matching 

string. In this case, n = (15 + 8-1) + 8- 2 is established, 

and therefore the matching string "abedefghabcdefgh" is divided 

20 into "'abedefgh' + remainder". 

[0226] When original data is "abedefghabcdefghabcdefgi", 

the obtained compressed data is "{8, abedefgh} (8, 8) (7, 16) {1, 

i}". 

<<Example 3 (Ex3)>> 

25 [0227] FIG. 16 illustrates an example in which a minimum 

distance X of an overlapping portion and a minimum value N of 

a matching length are specified, and division is performed at 

P(l), P(1 + 2), P(1 +2+4), ..., and P(2ra - 1) (where (2m -

1) < n) . FIG. 16 illustrates a case where minimum distance X 

30 of overlapping portion = 8, and minimum value N of matching 

length = 3 . In this case, a portion in which the matching length 

is less than or equal to N as a result of the division of a 

matching character string is dealt with as a non-matching 

string. 

35 [0228] As an example of a case where carton = 1, FIG. 16 
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illustrates a case where original data is "aaaaaaaaaab". 

[0229] In this case, "a" at the 1st address is a non-matching 

string, and "aaaaaaaaa" at the 2nd to 10th addresses is a 

matching string. The character "b" at the 11th address is a 

5 non-matching string. The matching string "aaaaaaaaa" at the 

2nd to 10th addresses is divided at portions after the first, 

third, and seventh characters. In order to establish minimum 

value N of matching length = 3, the original data "aaaaaaaaaab" 

is divided into "'aaaa' + 'aaaa' + 'aab'". 

10 [0230] As a result, the obtained compressed data is "{4, 

aaaa}(4, 4){3, aab}". 

[0231] As an example of a case where carton = 2, FIG. 14 

illustrates a case where original data is "abababababc". In 

this case, "ab" at the 1st to 2nd addresses is a non-matching 

15 string, and "abababab" at the 3rd to 10th addresses is a matching 

string. The character "c" at the 11th address is a non-matching 

string, "abababab" at the 3rd to 10th addresses is divided at 

positions after the first and third cartons. In order to 

establish minimum value N of matching length = 3, the original 

20 data "abababababc" is divided into "'abab' + 'abab' + 'abab' 

+ *c'". 

[0232] Accordingly, the obtained compressed data is "{4, 

abab} (4, 4) (4, 8) {1, c}". 

As an example of a case where carton — 3, FIG. 16 illustrates 

25 a case where original data is "abcabcabcabcd". In this case, 

"abc" at the 1st to 3rd addresses is a non-matching string, and 

"abcabcabc" at the 4th to 12th addresses is a matching string. 

The character "d" at the 13th address is a non-matching string, 

"abcabcabc" at the 4th to 12th addresses is divided at a positon 

30 after the first carton. In order to establish minimum value 

N of matching length = 3, the original data "abcabcabcabcd" is 

divided into "'abc' + 'abc' + 'abc' + 'd'". 

[0233] As a result, the obtained compressed data is "{3, 

abc}(3, 3)(6, 6){1, d}". 

35 [0234] As an example of a case where carton = 4, FIG. 16 



illustrates a case where original data is "abcdabcdabcdabcde". 

In this case, "abed" at the 1st to 4th addresses is a non-matching 

string, and "abedabedabed" at the 5th to 16th addresses is a 

matching string. The character "e" at the 17th address is a 

5 non-matching string. "abedabedabed" at the 5th to 16th 

addresses is divided at a position after the first carton. In 

order to establish minimum value N of matching length = 3, the 

original data "abcdabcdabcdabcde" is divided into " 'abed' + 

'abed' + 'abedabed' + ' c' " . As a result, the obtained 

10 compressed data is "{4, abed}(4, 4)(8, 8){1, e}". 

[0235] As an example of a case where carton = 7, FIG. 16 

illustrates a case where original data is 

"abedefgabedefgabedefh". In this case, "abedefg" at the 1st 

to 7th addresses is a non-matching string, and "abedefgabedefg" 

15 at the 8th to 21st addresses is a matching string. The character 

"h" at the 22nd address is a non-matching string, 

"abedefgabedef" at the 8th to 21st addresses is divided at a 

position after the first carton. In order to establish minimum 

value N of matching length = 3, the original data 

20 "abedefgabedefgabedefgh" is divided into "'abedefg' + 

'abedefg' + 'abedef' + 'h'". 

[0236] As a result, the obtained compressed data is "{7, 

abedefg}(7, 7)(6, 14){1, h}". 

[0237] As an example of a case where carton = 8, FIG. 16 

25 illustrates a case where original data is 

"abedefghabcdefghabcdefgi". In this case, "abedefgh" at the 

1st to 8th addresses is a non-matching string, and 

"abedefghabedefg" at the 9th to 23rd addresses is a matching 

string. The character "i" at the 24th address is a non-matching 

30 string. In this case, the carton (= 8) is greater than or equal 

to the minimum distance, and therefore division is not 

performed. 

[0238] Accordingly, the obtained compressed data is "{8, 

abedefgh}(15, 8){1, i}". 

35 <<Example 4 (Ex4)>> 



[0239] FIG. 17 illustrates an example in which the first 

address is adjusted in such a way that one set of recurrence 

is greater than or equal to the minimum value N (=3) of the 

matching length. 

5 [0240] In a case where carton = 1, the position of the first 

address of a matching string is adjusted in such a way that carton 

= 3. 

[0241] The original data "aaaaaaaaaab" is divided into 
n,aaa' + 'aaa' + 'aaaa' + vb'". 

10 [0242] As a result, the obtained compressed data is "{3, 

aaa}(3, 3)(4, 6){1, b}". 

[0243] In a case where carton = 2, the position of the first 

address of a matching string is adjusted in such a way that carton 

= 4. 

15 [0244] When original data is "ababababac", the original data 

is divided into "'abab' + 'abab' + 'aba' + 'c'". 

[0245] As a result, the obtained compressed data is "{4, 

abab}(4, 4)(3, 8){1, c}". 

[0246] In a case where carton = 3, the carton (= 3) is greater 

20 than or equal to the minimum value of the matching length, and 

therefore a party distance is not adjusted. 

[0247] When original data is "abcabcabcabd", the obtained 

compressed data is "{3, abc}(3, 3)(5, 6){1, d}". 

2 5 EXPLANATION OF LETTERS OR NUMERALS 

10, 20 Data compression apparatus 

11, 21 Input buffer 

12, 22 Matching string searching unit 

13, 23 Matching length encoder 

30 14, 24 Matching position encoder 

15, 25 Non-matching length encoder 

16, 2 6 Non-matching position encoder 

17, 27 Output buffer 

28 Matching string dividing unit 
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CLAIMS 

1. A data compression apparatus comprising: 

a matching string searching unit configured to extract 

5 a second character string as a matching string from a character 

string after a first character string in a character string of 

data before compression, the second character string being 

identical with the first character string, and identifies a 

length of the matching string, and a relative position 

10 indicating how many addresses the first character string 

precedes the second character string by; 

a matching string dividing unit configured to extract a 

third character string having a length that is less than the 

relative position from the second character string extracted 

15 by the matching string searching unit; 

a matching length encoder configured to encode a length 

of the third character string; and 

a matching position encoder configured to encode the 

relative position. 

20 

2. The data compression apparatus according to claim 1, 

wherein 

when the relative distance is less than a prescribed value, 

the third character string is extracted from the second 

25 character string. 

3. The data compression apparatus according to claim 1 or 

2, wherein 

the matching string searching unit further extracts, as 

30 a non-matching character string, a character string that does 

not include the second character string identical with the first 

character string after the first character string :.n the 

character string of the data before compression, or a character 

string that the second character string having a length that 

35 is less than a prescribed length, and 
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the matching string dividing unit extracts, when the 

length of the third character string is less than a prescribed 

value, as the non-matching string or a portion of the 

non-matching string, a maximum value that is a multiple of the 

5 length of the third character string, and that does not exceed 

the prescribed value. 

4. The data compression apparatus according to any one of 

claims 1 to 3, wherein 

10 the matching string dividing unit defines, as a carton, 

a minimum unit of recurrence in a recurring character string 

included in the matching string, and divides the second 

character string at some or all of positions that each 

corresponding to an integral multiple of the carton from a head 

15 of the second character string. 

5. The data compression apparatus according to claim 4, 

wherein 

the matching string dividing unit divides the second 

20 character string at some or all of positions that each 

correspond to 2m - 1 (where m is an integer) with the carton 

as a unit from the head of the second character string. 

6. The data compression apparatus according to claim 4, 

25 wherein 

when n = (length + carton - 1) 4- carton is established, 

where length represents the matching length, and carton 

represents a length of the carton, the matching string dividing 

unit divides the second character string at some or all of 

30 positions that each correspond to n + 2m (where m is an integer) 

with the carton as a unit from the second character string. 

7 . A data compression method performed by a computer, the 

data compression method comprising: 

35 extracting a second character string as a matching string 
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from a character string after a first character string in a 

character string of data before compression, the second 

character string being identical with the first character 

string, and identifying a length of the matching string, and 

5 a relative position indicating how many addresses the first 

character string precedes the second character string by; 

extracting a third character string having a length that 

is less than the relative position from the second character 

string extracted by the matching string searching unit; 

10 encoding a length of the third character string; and 

encoding the relative position. 

8. A program for causing a computer to execute a process 

comprising: 

15 extracting a second character string as a matching string 

from a character string after a first character string in a 

character string of data before compression, the second 

character string being identical with the first character 

string, and identifying a length of the matching string, and 

20 a relative position indicating how many addresses the first 

character string precedes the second character string by; 

extracting a third character string having a length that 

is less than the relative position from the second character 

string extracted by the matching string searching unit; 

25 detecting and encoding a length of the third character 

string; and 

encoding the relative position. 
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